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Program 
XVth International Silage Conference  
 
 

Monday, 27 July 2009 
 

 
6:00 AM – Registration, Capitol Promenade 
 
7:00 AM – Breakfast, Hall of Ideas 
 
8:00 AM – Opening Session: Silage and the Environment, Madison Ballroom 
 Session Chair: R. E. Muck, USDA, ARS, U.S. Dairy Forage Research Center, Madison, 

Wisconsin 
 Invited Presentations: 
 Silage and whole-farm nutrient management, Dr. C. Alan Rotz, USDA, Agricultural        

Research Service, University Park, Pennsylvania 
 Volatile organic compounds emitted from dairy silages and other feeds, Dr. Frank M. 

Mitloehner, University of California-Davis, Davis, California, I. L. Malkina, A. Kumar and 
P. G. Green 

 Volunteered Presentations: 
 Environmental issues surrounding silage production in Europe, A. J. Beardsmore, S. J. E. 

Heron, K. G. Brewer, and A. F. G. Jackson 
 Development of dietary and animal approaches to reduce methane emissions from dairy cows, 

T. Yan 
 High proportions of high quality grass silage in diets for dairy cows–how do they affect 

enteric methane emissions?, M. Patel, G. Börjesson, R. Danielsson, A. D. Iwaasa, E. 
Spörndly, E. Wredle, and J. Bertilsson 

 Novel results on the occurrence of volatile compounds in maize silages, K. Weiß, C. 
Kalzendorf, J. Zittlau and H. Auerbach 

 
10:00 AM – Break, Grand Terrace 
 
10:30 AM – Silage Additives, Madison Ballroom 
 Session Chair: T. W. J. Keady, Teagasc, Animal Production Research Centre, Athenry, 

Ireland 
 Invited Presentation: 
 Potential factors that may limit the effectiveness of silage additives, Dr. Limin Kung, Jr., 

University of Delaware, Newark, Delaware 
 Volunteered presentations: 
 Effects of silage additives on aerobic stability of maize silage, J. Latre, E. Wambacq, J. Nollet, 

and G. Haesaert 
 Efficacy of inoculation on the fermentation quality and aerobic deterioration of maize silage, J. 

Jatkauskas, V. Vrotniakiene and Ch. Ohlsson 
 Whole-crop legume/barley silages ensiled with different additives, E. Nadeau, O. Hallin, and J. 

Jansson 
 Influence of cutting height and use of additives on silage quality, U. Wyss 
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 The effect of LAB silage inoculants on the rumen environment--current research status, Z. G. 
Weinberg, J. Miron, Y. Chen, R. E. Muck, F. Contreras-Govea, P. J. Weimer, I. Filya, and 
L. Kung Jr. 

 Lactobacillus plantarum MTD/1, its impact on silage and in vitro rumen fermentation, F. E. 
Contreras-Govea, R. E. Muck, G. A. Broderick, and P. J. Weimer 

 
12:30 PM – Lunch, Hall of Ideas 
 
1:30 PM – Poster Session 1, Grand Terrace 
 
3:30 PM – Silage Management, Madison Ballroom 
 Session Chair: M. Rinne, MTT Agrifood Research Finland, Jokioinen, Finland 
 Invited Presentations: 
 What’s New in Silage Management?, Dr. Brian J. Holmes, University of Wisconsin- 
        Madison, Madison, Wisconsin, and K. K. Bolsen 
 Managing for Improved Aerobic Stability, Dr. Günter Pahlow, Institute for Crop and Soil 

Science, Federal Research Centre for Cultivated Plants, Braunschweig, Germany, and R. E. 
Muck 

 Volunteered presentations: 
 Investigations about the influence of compressing pressure and vibration on the compression 

of wilted grass, H. Schemel, C. Fürll, and T. Hoffmann 
 Effect of silage corn hybrid on fermentation losses, H. A. van Schooten and J. W. van Riel 
 Relating dry matter density to dry matter loss in corn silage bunker silos in southeastern 

Pennsylvania, K. E. Griswold, P. H. Craig, and S. K. Dinh 
 Enhancing oxygen impermeability of stretch film for wrapped silage with the use of new 

polymers, G. Borreani, A. Revello Chion, and E. Tabacco 
  
6:30 PM – Cash bar, Hall of Ideas 
 
7:00 PM – Conference Banquet and Entertainment, Hall of Ideas 
 
 
 

Tuesday, 28 July 2009 
 

 
7:00 AM – Breakfast, Hall of Ideas 
 
8:00 AM – Silage and Animal Performance, Madison Ballroom 
 Session Chair: G. Borreani, Dip. Agronomia, Selvicoltura e Gestione del Territorio, 

University of Turin, Italy 
 Invited Presentations: 
 Silage quality and dairy production, Dr. David R. Mertens, USDA, Agricultural Research  
        Service, Madison, Wisconsin, and P. Berzaghi. 
 Silage quality and meat production, Dr. Padraig O’Kiely, Teagasc, Grange Beef Research 

Centre, Ireland, M. G. Keane, and A. P. Moloney 
 Volunteered presentations: 
 The influence of season, ensiling and maturity on rate of grass digestion in vitro, M. Rinne, M. 

A. Akbar, and P. Huhtanen 
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 In situ ruminal degradability of protein, fiber and dry matter in legume silages and hays as 
influenced by protein-binding polyphenols and conditioning methods, J. H. Grabber and W. 
K. Coblentz 

 The effects of maturity of maize at harvest and soybean supplementation, grass silage feed 
value and concentrate feed level on ewe and subsequent lamb performance, T. W. J. Keady 
and J. P. Hanrahan 

 Effect of grass silage harvesting time on the performance of growing/finishing bulls, Å.T. 
Randby, P. Noergaard and M.R. Weisbjerg 

 
10:00 AM – Break, Grand Terrace 
 
10:30 AM – Poster Session 2, Grand Terrace 
 
12:30 PM – Lunch, pick up box lunch in the Hall of Ideas 
 

1:15 PM – Tours, meet buses at the Level 4 drive-through which is the main entry level 
 
6:30 PM – Cash bar, Hall of Ideas 
 
7:00 PM – Dinner and Entertainment, Hall of Ideas 
 
 
 

Wednesday, 29 July 2009 
 

 
7:00 AM – Breakfast, Hall of Ideas 
 
8:00 AM – Challenges in Silage Production, Madison Ballroom 
 Session Chair: L. G. Nussio, Departamento de Zootecnia, University of Sâo Paulo - ESALQ, 

Piracicaba, Brazil 
 Invited Presentation: 
 Challenges of silage production in the tropics, Dr. Adegbola T. Adesogan, University of 
        Florida, Gainesville, Florida 
 Volunteered presentations: 
 Effect of supplementing maize silage to Jersey cows grazing annual ryegrass pasture, R. 

Meeske and G. D. van der Merwe 
 Mycotoxins in silages and total diets for dairy cows, F. Driehuis and M. C. te Giffel 
 Toxins from Aspergillus fumigatus in silages, K. Meyer, J. Ostertag, W. Richter, H. Spiekers, 

and J. Bauer 
 Control of E. coli O157:H7 in corn silages under anaerobic and aerobic conditions: 

Effectiveness and mode of action of bacterial inoculants, A.F. Pedroso, A. T. Adesogan, O. 
C. M. Queiroz, and S. K. Williams 

 The change of deoxynivalenol concentration during silage fermentation: A model experiment 
of inoculating corn ears with fungi producing the mycotoxin, R. Uegaki, T. Tsukiboshi, H. 
Kobayashi and Y. Cai 

 Occurrence and survival in whole crop corn silage of Acetobacter pasteurianus, N. Nishino, C. 
Wang, Y. Li, S. Parvin and K. Kan 
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10:00 AM – Break, Grand Terrace 
 
10:30 AM – New Technologies/New Crops, Madison Ballroom 
 Session Chair: J. H. Harrison, Washington State University, Puyallup, WA 
 Invited Presentation: 
 Advances in silage harvesting, Dr. Philippe Savoie, Agriculture and Agri-Food Canada, 
        Sainte-Foy, Quebec, Canada, and K. J. Shinners  
 Volunteered presentations: 
 Evaluating performance of corn hybrids for silage production on Wisconsin farms, J. G. Lauer, 

R. D. Shaver, J. G. Coors, P. Hoffman and N. DeLeon 
 Alternative conservation strategies for high-moisture barley grain, P. Stacey, P. O'Kiely, R. 

Hackett, B. Rice and F. P. O’Mara 
 Controlling of silage crop compaction during the pressing process in case of bagging 

technology, C. Maack, W. Buescher, and A. Wagner 
 Rapid analysis of soluble components in silage by Fourier transform (mid) infrared analysis, P. 

Udén 
 Prediction of biogas production potential of silages, F. Weissbach 
 Storage and pretreatment of biomass feedstocks by ensiling, K. J. Shinners, M. F. Digman, R. 

E. Muck, and P. J. Weimer 
 
12:30 PM – Adjourn 
 

1:30 PM – Beginning of Post-Conference, Getting More from Forages, Madison Ballroom 
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Silage and whole-farm nutrient management 
C. A. Rotz 
USDA, ARS, Pasture Systems and Watershed Management Research Unit, University Park, PA 
16802, U.S.A.; Email: al.rotz@ars.usda.gov 
 
INTRODUCTION 

When the topic of whole-farm nutrient management is mentioned, our immediate 
response is to think of manure and manure management strategies. Proper use of manure 
nutrients is the major concern, but other parts of the farm affect nutrient management as well. 
This can include the silage production and utilization strategies used on the farm. Various 
aspects of the silage system can affect the nutrient management of the farm. On the other hand, 
the nutrient management practices used on the farm can affect the silage system. 

A selected silage system can affect farm nutrient management by influencing the type, 
amount, and nutrient content of feeds fed to the animals on the farm. Common silages produced 
and used on farms in the U.S. include alfalfa, corn, and small grain forages. The types used on a 
given farm normally influence the cropping system requirements, and the cropping system 
influences where nutrients can be applied and how well they will be utilized. The type, amount, 
and nutrient content of the silages fed also influence animal intake and performance and 
ultimately the nutrients excreted in the manure. 

Manure handling procedures used on a farm can also affect the yield and nutrient 
contents of the forages produced. This is particularly true for nitrogen (N) fertilization. Making 
the best use of available manure nutrients can reduce the purchase of increasingly expensive 
inorganic fertilizers. A shortage of an important nutrient such as N can reduce crop yield and the 
protein content of the feed produced. Timely harvest of a crop like alfalfa is also important to 
obtain the feed quality required by animals such as high producing dairy cows. Producing high 
quality forages reduces the need for importing nutrients in supplemental feeds and helps 
maximize animal performance, both of which improve the utilization of nutrients cycled through 
the farm. 

Whole farm nutrient management is complex. As these few examples illustrate, many 
factors influence the efficiency at which nutrients are used on a farm. These factors are often 
difficult to see or quantify. Process-level computer simulation provides a tool for comprehensive 
assessment of farm production systems. By simulating the major biological and physical 
processes of crop growth, harvest, feeding, animal intake, manure production, and nutrient 
cycling along with the economics of the farm, information can be obtained to more fully assess 
and compare farming systems. The Integrated Farm System Model developed by the 
USDA/ARS (2008), provides a tool for this type of analysis that can assist in the development 
and refinement of silage systems with consideration of the nutrient management, environmental 
impact, and profitability of the farm. 

The objective of this paper is to use the Integrated Farm System Model to illustrate the 
whole farm impacts of various silage production options. These include: 1) the types of silage 
produced and used on the farm along with the required cropping system, 2) the amount of silage 
fed in animal diets, 3) the timeliness of harvest, and 4) the harvest technology used on the farm. 
The effects of manure management decisions on crop nutrition, planting date, and nutrient 
availability are also illustrated through farm simulations. 
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THE INTEGRATED FARM SYSTEM MODEL 
The Integrated Farm System Model (IFSM) is a farm simulation software tool developed 

specifically to evaluate forage-based dairy and beef production systems. The long-term effects of 
many management changes can be predicted relatively fast and inexpensively without the risk of 
financial loss or other adverse effects that can occur on actual farms. This tool can be used to 
compare available options to help producers select management strategies that promise the 
greatest economic and environmental benefits for the future of their operations.  

IFSM simulates the major farm processes and their interactions to predict long-term 
performance, environmental impact, and profitability of production systems (Rotz et al., 2008). 
Crop production, feed use, and the return of manure nutrients back to the land are simulated for 
many years of historical weather. Growth and development of grass, alfalfa, corn, small grain, 
and soybean crops are predicted from daily soil and weather conditions. Performance and 
resource use in manure handling, tillage, planting, and harvest operations are functions of the 
size and type of machines used and daily weather. Field drying rate, harvest losses, and nutritive 
changes in crops are related to the weather, crop conditions, and machinery operations used. 
Losses and nutritive changes following harvest are influenced by the characteristics of the 
harvested crop and the type and size of storage facilities used.  

Feed allocation and animal response are related to the nutrient content of available feeds 
and the nutrient requirements of up to six animal groups making up either dairy or beef herds on 
the farm (Rotz et al., 2008). Diets for each group are formulated using a cost-minimizing linear 
programming routine, which makes the best use of homegrown feeds and purchased 
supplements. Protein and energy requirements are determined based upon the characteristics of a 
representative animal in each group. One or two protein supplements are used to balance rations, 
which can include both high and low rumen degradable protein feeds. Feed characteristics can be 
defined to describe essentially any supplement of each type including blended feeds. 
Supplemental phosphorus (P) and potassium (K) fed, if needed, is the difference between the 
requirement of each animal group and the sum of that contained in the feeds consumed. 

Nutrient flows through the farm are modeled to predict potential nutrient accumulation in 
the soil and loss to the environment (Rotz et al., 2008). The quantity and nutrient content of the 
manure produced is a function of the quantity and nutrient content of the feeds consumed. 
Volatile N losses from manure occur in the barn, during storage, following field application, and 
during grazing. Leaching and denitrification losses from the soil are related to the rate of 
moisture movement and drainage from the soil profile as influenced by soil properties, rainfall, 
and the amount and timing of manure and fertilizer applications. Runoff losses of sediment-
bound and soluble P are a function of the manure and tillage practices used as well as daily soil 
and weather conditions. All sinks and sources of carbon dioxide, methane, and nitrous oxide are 
tracked to predict the net greenhouse gas emission and carbon footprint of the production system. 
Whole-farm mass balances of N, P, K and carbon are determined as the sum of all nutrient 
imports in feed, fertilizer, deposition, and crop fixation minus the exports in milk, excess feed, 
animals, manure, and losses leaving the farm.  

Simulated performance is used to determine production costs, income, and farm net 
return for each simulated year of weather (Rotz et al., 2008). A whole-farm budget is used where 
investments in equipment and structures are amortized over their economic life considering a 
real interest or discount rate. Resource requirements and farm produce predicted by the model 
for each year are used to determine annual operating expenditures and incomes. The annual net 
return to management and unpaid factors is the sum of the incomes from the sale of milk, 
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animals, and excess feeds minus operating costs for animal maintenance, milking and feeding, 
feed production, and manure handling. By simulating and comparing production options, the 
long-term effects of production changes are measured including resource use, production 
efficiency, environmental impact, and profitability.  

Nutrient management and related environmental information predicted by the model 
include the whole-farm balances of N, P, K, and carbon and the nutrient losses and greenhouse 
gas emissions from the farm. Nitrogen losses include that volatilized to the atmosphere in the 
form of ammonia and that leached to groundwater as nitrate. Erosion of sediment is predicted as 
that leaving the farm boundaries along with the sediment-bound and soluble P runoff losses. 
Greenhouse gas emissions are determined as net exchanges with the atmosphere expressed in 
carbon dioxide equivalent units (CO2e) where a unit of methane has the equivalent global 
warming potential of 25 units of CO2 and nitrous oxide is equivalent to 298 units of CO2. A 
carbon footprint for the production system is determined as the net greenhouse gas emission per 
unit of milk produced (Rotz et al., 2009). This carbon footprint includes secondary emissions 
occurring during the production of resources used on the farm, which consist of fuel, electricity, 
machinery, fertilizer, pesticides, seed, and plastic. 

 
EVALUATION OF FORAGE MANAGEMENT OPTIONS 

To illustrate the use of the model, simulations were performed to evaluate manure and 
forage management options on a farm representative of that found in the mid-Atlantic and 
northeast regions of the U.S. A moderate sized farm was simulated with 100 cows and 90 ha of 
cropland. The soil was a Hagerstown silt loam with an available water holding capacity of 130 
mm. Simulations were done for 25 years of weather using State College, Pennsylvania historical 
data from 1982 to 2006. 

The base farm included 45 ha each of alfalfa and corn. These crops supplied all of the 
forage and a portion of the grain needed to meet the nutrient requirements of the herd. All alfalfa 
was wilted to less than 68% moisture and harvested as chopped silage. A four cutting strategy 
was used with the goal of taking each harvest at a bud to early bloom stage of maturity. Corn was 
harvested as silage and high moisture grain. The amount harvested as silage was set to that 
required to complete the long-term forage needs of the herd. For the base farm, this was about 
40% of the total forage requirement. Corn silage harvest began after September 5 with high 
moisture grain harvested after October 1 when crop and soil conditions were appropriate.  

Machinery and facilities were typical of those used in the region with sizes selected to 
provide efficient and cost effective production. All silages were stored in bunker silos with 
concrete sidewalls and 9.1 m widths. Silages were packed to a depth of 3.7 m giving a total 
storage capacity on the farm of about 625 t DM. This total capacity was split between the silage 
crops according to the amounts of each produced. Silos were covered with plastic to improve 
preservation. 

Manure was scraped daily, stored as slurry in a concrete tank, and applied to cropland 
primarily in the spring and fall. A chisel plow or field cultivator was used to incorporate manure 
within a couple days of surface spreading. On the base farm, 90% of the manure was applied to 
corn land with 10% spread on alfalfa land. The only fertilizer used was a small amount (20 kg 
N/ha) of nitrate applied with the planting of corn. Manure application and fertilizer use varied 
among cropping systems. For example, when a portion of the alfalfa was replaced with grass, 
40% of the manure was applied to grassland with 60% applied to the corn and 70 kg N/ha of 
inorganic fertilizer applied to both the grass and corn land. 
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The herd consisted of 100 Holstein cows (milking and dry) plus replacements. 
Replacements included 45 heifers under one year old and 40 over one year old to fulfill an 
annual replacement rate for lactating cows of 35%. Annual milk production was about 9,400 
liter/cow. Cows were housed in a free stall barn where straw bedding was used at a daily rate of 
1.5 kg/cow. A mobile mixing wagon was used to prepare total mixed rations for each animal 
group with lactating cow diets formulated for high concentrate feed use. Feed supplements 
included corn grain, soybean meal, a protein feed mix with low rumen degradability, and 
minerals. 

Prices were set to represent long-term average values in current dollars for farms in this 
region. Some important prices were fuel at $0.80/liter, labor at $12/hr, and a mailbox milk price 
of $0.33/liter. Supplemental feed prices included corn, soybean meal, and the protein mix at 
$150, $300, and $350/ton DM, respectively. Prices were held constant across simulated years, so 
that economic differences among years were solely due to weather effects on farm performance. 
Structures and equipment were amortized over their economic life using a real interest or 
discount rate of 6%/yr. An annual land charge of $250/ha was included. 

Simulations were conducted to illustrate the effects of silage type and the associated 
cropping systems, the amount of silage fed, and forage quality. The four silage systems were 1) a 
base farm with 58% of the forage coming from alfalfa and 42% from corn silage, 2) half of this 
alfalfa replaced with grass with 48% of the forage from corn silage, 3) a shift toward more corn 
with 67% of the forage from corn silage and 33% from alfalfa, and 4) inclusion of rye double 
cropped with corn where about 23%, 44%, and 33% of the total forage came from rye, corn, and 
alfalfa silages, respectively. To illustrate the effects of reduced alfalfa quality, a three cutting 
harvest strategy was simulated with about one more week between each harvest. Next, lactating 
animals were fed higher forage diets where the additional forage was supplied through increased 
corn silage production. Finally, a strategy was used with high forage diets where kernel 
processing and a longer chop length were used on the chopper to alter forage particle size and 
improve digestibility. Further simulations illustrated the effects of the amount, timing, and type 
of manure application on silage production and the environment. 

 
EFFECTS OF SILAGE TYPE AND CROPPING SYSTEM 

The type of silage used on a dairy farm and the associated cropping system required to 
provide that silage can affect the environmental impact and profitability of the farm (Rotz et al., 
2002; Borton et al., 1997). Normally, manure nutrients can be applied and used more efficiently 
when multiple crops are grown for silage production. 

For the simulated base farm, corn and alfalfa produced on the farm supplied 75% of the 
total feed requirement of the herd with the remainder coming from purchased grain, protein, and 
mineral supplements (Table 1, column 1). About 23% of the N cycled through the farm each year 
left the farm in milk and meat. Another 23% was lost to the atmosphere through ammonia 
volatilization with 14% lost through nitrate leaching and denitrification losses. Compared to N, P 
loss in runoff was relatively small, but this small loss can still impair surrounding surface waters.  
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Even with no purchase of P and K fertilizers, there were small accumulations of these 
nutrients in the farm soil. The carbon footprint for this production system was 0.61 kg CO2e of 
net greenhouse gas emission per kg of milk produced. Farm income exceeded production costs 
providing an annual net return to management of $406/cow. 

Table 1. Effect of silage type and the corresponding cropping system on annual feed production, 
feed use, environmental impacts, and economics of a simulated dairy farm in central 
Pennsylvania1

 

 
58% alfalfa 
42% corn2 

26% grass 
26% alfalfa 
48% corn3 

33% alfalfa 
67% corn4 

33% alfalfa 
44% corn  
23% rye5

Alfalfa/grass silage production, t DM 331 284 175 175 
Corn silage production, t DM 239 263 363 227 
Rye silage production, t DM 0 0 0 120 
Corn grain production, t DM 142 131 192 219 
Corn grain purchased, t DM 202 234 143 113 
Protein/mineral feeds purchased, t DM 30 37 48 42 
Milk production, liter/cow 9,435 9,447 9,503 9,434 
     

Nitrogen cycled through farm6, kg/ha 342 312 301 329 
Nitrogen imported, kg/ha 218 204 202 216 
Nitrogen exported, kg/ha 78 73 75 76 
Nitrogen lost by volatilization, kg/ha 79 73 66 70 
Nitrogen lost by leaching, kg/ha 28 23 29 19 
Nitrogen lost by denitrification, kg/ha 20 19 24 24 
Soil sediment erosion, kg/ha 2,472 2,090 3,001 1,740 
Phosphorus lost by runoff, kg/ha 1.6 1.3 1.8 1.5 
P accumulation (depletion), kg/ha 0.7 2.2 0.0 (2.0) 
Potassium accumulation, kg/ha 8.4 6.4 13.2 10.1 
Carbon footprint, kg CO2e/kg milk 0.61 0.61 0.58 0.58 
     

Manure handling cost, $/cow 276 278 272 267 
Feed production cost, $/cow 1,150 1,180 1,202 1,296 
Purchased feed cost, $/cow 487 552 457 392 
All other costs7, $/cow 1,130 1,130 1,130 1,130 
Total production cost, $/cow 3,043 3,139 3,061 3,084 
Milk and animal sale income, $/cow 3,449 3,453 3,472 3,449 
Net return to management, $/cow 406 314 411 365 
 

1100 mature cows and 85 heifers on 90 ha of crop land simulated over 25 yr of State College, Pennsylvania weather 
(1982 to 2006). 

2 45 ha each in alfalfa and corn. 
3 20 ha in alfalfa, 25 ha in grass and 45 ha in corn. 
4 25 ha in alfalfa and 65 ha in corn. 
5 25 ha in alfalfa and 65 ha in corn with 30 of those hectares double cropped with rye silage. 
6 Average N cycled through the farm each year from manure, fertilizer, legume fixation, and precipitation. 
7 Includes costs of milking and housing facilities, livestock expenses, milking labor, and property tax. 
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Shifting 25 ha of the alfalfa land to grass provided a small environmental benefit, but this 
came with costs to the producer (Table 1, column 2 vs. 1). Grass yields were less than those of 
alfalfa which decreased grass silage production, thus requiring more corn silage to meet forage 
needs. With the use of lower quality forage, more purchased grain and protein feeds were needed 
to meet nutrient requirements. Protein was used more efficiently by the animals reducing N 
excretion and all N losses. Predicted soil erosion was reduced 15% with the use of grass. Runoff 
loss of P was also reduced a small amount, but the accumulation of P on the farm increased with 
more purchased feed imported to the farm. This cropping and feeding change had no effect on 
the carbon footprint of the farm. Feed production and purchased feed costs both increased 
causing a $92/cow decrease in annual farm net return.  

Increasing the amount of corn silage produced and used on the farm affected 
supplemental feed requirements and nutrient losses along with a small increase in farm profit 
(Table 1, column 3 vs. 1). This option was simulated by reducing alfalfa land to 25 ha, increasing 
corn land to 65 ha, shifting bunker space from alfalfa to corn, and applying 100% of the manure 
to corn land along with the application of 60 kg N/ha of inorganic fertilizer. With greater use of 
corn silage and its greater energy and lower protein contents, less corn grain and more protein 
feeds were purchased and brought onto the farm. Less N was imported and cycled through the 
farm, primarily due to less N fixation by the leguminous alfalfa crop. Use of more corn silage in 
animal diets also improved protein utilization, which led to less N excretion and about 16% less 
volatile N loss to the environment. With more tilled land in corn production, soil erosion 
increased 21%. Phosphorus loss also increased, but greater use of corn allowed the farm to 
maintain a long-term P balance. The increased use of corn silage in animal diets reduced enteric 
methane emissions, which reduced the carbon footprint by 5%. Although feed production costs 
increased, purchased feed costs decreased providing a $5/cow increase in the annual net return of 
the farm. 

Double cropping half of the corn crop with rye silage provided greater environmental 
benefits with some net cost to the producer (Table 1, column 4 vs. 1). Double cropping reduced 
corn yields but increased overall feed production 5%. As a result, corn grain purchases were 
reduced. The lower protein in rye silage compared to that in alfalfa silage increased protein feed 
purchases 40%. Compared to the base farm, volatile N loss was reduced 11%, and nitrate 
leaching loss was reduced 32%. The winter cover crop reduced soil erosion by 30% compared to 
the base farm and by 42% compared to the to the same land use without the cover crop (Table 1, 
column 4 vs. 3). Phosphorus runoff loss was reduced a small amount, and more efficient 
utilization of P in animal diets created a small deficit in the long-term P balance for the farm. 
The increase in production costs for the added rye crop was partially offset by the reduction in 
purchased feed costs providing a reduction in annual net return of $41/cow. Thus, the double 
cropping strategy provided environmental benefits at a net economic loss to the farm. 

 
EFFECTS OF SILAGE QUANTITY AND QUALITY 

Many factors can affect the quantity and quality of silage used on a farm. The next 
simulation illustrates the effects of delayed alfalfa harvest schedule. Use of a three cutting 
strategy with longer regrowth periods between cuttings reduced harvested yield 6%, and the 
average protein content in the harvested forage decreased by 2 percentage units and fiber 
contents increased 3 percentage units. Since the highly degradable protein in alfalfa silage is not 
well utilized by cattle, the decrease in forage protein had little effect on feed requirements (Table 
2, column 2 vs. 1). Even with the assumed 2% loss in milk production, the increased fiber and 
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lower energy contents in the alfalfa silage increased grain use by 5%. Protein was used a little 
more efficiently by the animals, which led to a small reduction in N excretion and a 5 to 8% 
decrease in N losses. Phosphorus was used a little less efficiently which caused a small increase 
in the long-term accumulation of soil P on the farm. The lower quality forage created a small 
increase in enteric methane emissions from the animals, which increased the carbon footprint by 

Table 2.  Effect of the quantity and quality of silage use on annual feed production, feed use, 
production costs, nutrient balances, and net return of a simulated dairy farm in central 
Pennsylvania 

 
  Base farm1

Delayed 
alfalfa 

harvest2 

High forage 
diets3 

High forage 
& corn silage 
processing4 

Alfalfa silage production, t DM 331 311 331 330 
Corn silage production, t DM 239 239 346 358 
Corn grain production, t DM 142 143 97 92 
Corn grain purchased, t DM 202 212 170 166 
Protein and mineral feeds purchased, t DM 30 34 25 27 
Milk production, liter/cow 9,435 9,239 9,443 9,801 
     

Nitrogen cycled through farm5, kg/ha 342 314 340 340 
Nitrogen imported, kg/ha 218 206 208 209 
Nitrogen exported, kg/ha 78 77 78 79 
Nitrogen lost by volatilization, kg/ha 79 74 76 76 
Nitrogen lost by leaching, kg/ha 28 27 26 26 
Nitrogen lost by denitrification, kg/ha 20 19 19 19 
Sediment erosion, kg/ha 2,472 2,368 2,476 2,471 
Phosphorus runoff and leaching, kg/ha 1.6 1.5 1.6 1.6 
Phosphorus accumulation, kg/ha 0.7 1.1 0.0 0.0 
Potassium accumulation, kg/ha 8.4 11.0 5.7 5.9 
Carbon footprint, kg CO2e/kg milk 0.61 0.62 0.67 0.65 
     

Manure handling and bedding cost, $/cow 276 277 279 285 
Feed production cost, $/cow 1,150 1,126 1,204 1,260 
Purchased feed cost, $/cow 487 518 428 432 
All other costs6, $/cow 1,130 1,130 1,130 1,130 
Total production cost, $/cow 3,043 3,052 3,043 3,107 
Milk and animal sale income, $/cow 3,449 3,385 3,452 3,570 
Net return to management, $/cow 406 333 409 463 
 

1100 mature cows and 85 heifers on 90 ha of crop land (equally divided in corn and alfalfa) simulated over 25 yr of 
State College, Pennsylvania weather (1982 to 2006). 

2 A three cutting alfalfa harvest strategy is used with about seven more days between each cutting. A 2% decrease in 
fat corrected milk production is assumed. 

3 Lactating cows are fed a higher forage diet, which is met by producing and feeding more corn silage. 
4 Same as 3 plus corn silage is harvested using kernel processing rolls to reduce grain particle size along with a longer 

chop length to produce larger forage particles.  
5 Average N cycled through the farm each year from manure, fertilizer, legume fixation, and precipitation. 
6 Includes costs of milking and housing facilities, livestock expenses, milking labor, and property tax. 
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2%. Feed production costs were reduced by removing one of the annual harvests, but this saving 
was more than offset by the increase in purchased feed costs. Including the predicted decrease in 
milk production, the annual economic loss to the farm was $73/cow. 

A shift to the use of high forage diets increased the production and use of corn silage 
compared to the base farm where lactating cows were fed relatively high concentrate diets (Table 
2, column 3 vs. 1). Corn silage production increased 45% while grain production decreased 32%. 
With less grain fed and more efficient use of forage protein, purchased grain and concentrates 
were reduced about 15% while maintaining essentially the same milk production. This relatively 
substantial change in feed production and use had only minor effects on nutrient losses and the 
environment. Nitrogen losses were reduced about 5% with essentially no difference in the 
predicted P loss. With this cropping change, the small annual accumulation of soil P was 
eliminated. The carbon footprint increased 10% primarily due to the increased emission of 
methane from the lactating animals consuming the higher forage (lower starch) diets. Annual 
feed production costs increased by $54/cow, but this was offset by reduced purchased feed costs 
providing little change in net return compared to the base farm. 

Use of kernel processing in corn silage production increased farm profit while providing 
small environmental benefits. The improved quality attained using processing allowed a slight 
increase in the use of forage in animal diets, so about 3% more corn silage was produced to meet 
this need (Table 2, column 4 vs. 3). Corn grain use was reduced 3% while meeting the nutrient 
needs of the herd along with a predicted 3.8% increase in milk production (Rotz et al., 1999). 
The environmental impact of this change was a 5% reduction in N losses with no impact on P 
loss and soil P accumulation. The carbon footprint was reduced 3% through more efficient use of 
feed. Feed production costs increased by $56/cow due to the additional equipment cost and fuel 
use in powering the processor. The benefit from increased milk production, along with a small 
reduction in purchased feed costs, provided an increase in farm net return of $54/cow. 

 
EFFECTS OF MANURE MANAGEMENT ON SILAGE SYSTEMS 

A number of decisions made regarding manure management can affect silage production 
and ultimately the performance and economics of the farm. These decisions may affect the 
nutrient supply to the crops, timing of tillage and planting operations, and the efficiency of 
manure nutrient use by the crops. Three additional simulations are included to illustrate these 
effects. The base farm for these comparisons was that from column 3 of table 2 where lactating 
cows were fed high forage diets which utilized more corn silage on the farm. 

To illustrate the impact of nutrient supply, 30% less manure was applied to corn land. 
This type of problem may occur due to a misrepresentation of the nutrient contents of the manure 
in the nutrient management plan or a failure to follow the plan. Under application of manure will 
normally affect N availability before that of other nutrients. With a shortage of N on this 
particular farm, corn yields were reduced 3 to 5% and the crude protein content of the corn silage 
was reduced about 10%. This decreased corn production and increased the purchase of 
supplemental feed (Table 3, column 2 vs. 1). Soil N was used more efficiently, which reduced 
nitrate leaching and denitrification losses by 30%. Small reductions also occurred in P runoff 
loss and the carbon footprint. Purchased feed costs increased, which reduced the average annual 
net return by $11/cow. Thus, this misapplication of N actually provided some environmental 
benefit, but at an economic loss to the producer. 
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When manure is stored and applied to cropland in the spring and fall, a wet spring season 
can delay manure application and the tillage and planting operations that follow. This delay can 
affect crop yields and the quality of the silage produced. This is most likely to occur when the 
equipment for transporting and applying manure is too small for timely application. When 
adverse weather occurs, manure application and subsequent operations are delayed. Simulation 
of this type of delay in wet years reduced the average annual silage yield by 3% with a slight 
increase in silage crude protein and fiber contents. Less corn grain was produced, which 

Table 3.  Effects of manure management on annual feed production, feed use, production costs, 
nutrient balances, and net return of a simulated dairy farm in central Pennsylvania 

 
  Base farm1

Shortage of 
N on corn 

land2 

Delayed 
planting3 

Subsurface 
injection of 

manure4 
Alfalfa silage production, t DM 331 331 330 331 
Corn silage production, t DM 346 343 340 347 
Corn grain production, t DM 97 91 84 98 
Corn grain purchased, t DM 170 178 190 168 
Protein and mineral feeds purchased, t DM 25 26 25 25 
Milk production, liter/cow 9,443 9,449 9,422 9,440 
     

Nitrogen cycled through farm[5], kg/ha 340 305 340 328 
Nitrogen imported, kg/ha 208 181 211 194 
Nitrogen exported, kg/ha 78 79 78 78 
Nitrogen lost by volatilization, kg/ha 76 73 76 43 
Nitrogen lost by leaching, kg/ha 26 18 26 36 
Nitrogen lost by denitrification, kg/ha 19 13 19 25 
Sediment erosion, kg/ha 2,476 2,476 2,479 2,463 
Phosphorus runoff and leaching, kg/ha 1.6 1.5 1.6 1.3 
Phosphorus accumulation, kg/ha 0.0 0.3 0.6 0.0 
Potassium accumulation, kg/ha 5.7 6.1 6.7 5.7 
Carbon footprint, kg CO2e/kg milk 0.67 0.66 0.67 0.68 
     

Manure handling and bedding cost, $/cow 279 279 279 296 
Feed production cost, $/cow 1,204 1,202 1,201 1,193 
Purchased feed cost, $/cow 428 444 457 424 
All other costs[6], $/cow 1,130 1,130 1,130 1,130 
Total production cost, $/cow 3,043 3,056 3,069 3,043 
Milk and animal sale income, $/cow 3,452 3,454 3,446 3,451 
Net return to management, $/cow 409 398 377 408 
 

1100 mature cows and 85 heifers on 90 ha of crop land (equally divided in corn and alfalfa) simulated over 25 yr of 
State College, Pennsylvania weather (1982 to 2006). Lactating cows are fed a high forage diet. 

2 Manure is not applied at an appropriate rate, which creates a shortage of N applied to corn land. 
3 Planting of corn is delayed during years with wet spring seasons due to slowed application of manure. 
4 Subsurface application of manure is used, which slows manure application but reduces volatile loss of N following 

field application of manure.  
5 Average N cycled through the farm each year from manure, fertilizer, legume fixation, and precipitation. 
6 Includes costs of milking and housing facilities, livestock expenses, milking labor, and property tax. 
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increased purchased grain by 12% (Table 3, column 3 vs. 1). The environmental impacts of this 
delay were negligible, but an increase in purchased feed costs reduced the annual net return of 
the farm by $32/cow. 

Manure handling procedures may affect the nutrient availability to the forage crop and 
losses to the environment. To illustrate this effect, the manure applicator for the base farm was 
changed from broadcast application to a unit with subsurface injectors. This increased the cost of 
the manure spreader, slowed the manure spreading operation, and increased the power and fuel 
required to operate the spreader. Simulation of this technology on this farm showed little impact 
on crop growth, feed production, and feed use (Table 3, column 4 vs. 1). With an abundance of 
N on the farm, the N saved had little impact on crop production. On a farm where there was a 
shortage of N, the use of manure injection would have more impact on the crop. Injection of the 
manure reduced volatile N loss by 34%. Since adequate N was already available for crop uptake, 
much of this additional N in the soil was lost through nitrate leaching and denitrification. 
Phosphorus runoff was reduced 19% with the manure deposited below the soil surface. Manure 
handling costs were increased with the more expensive and slower operating equipment. This 
increase was offset by reductions in feed production and purchased feed costs providing a similar 
farm net return. Therefore, on this farm where the saved N was not well utilized, there was still 
enough benefit to the silage crop to offset the added costs of using manure injection. 

 
CONCLUSIONS 

The management of forage-based farms is complex. Software tools can aid farm planning 
by helping to integrate the large amount of information that must be considered. Whole-farm 
simulation is particularly useful for predicting the long-term effects of management changes on 
farm performance, profitability, and the environment.  

Simulation of various silage production options on a representative dairy farm in 
Pennsylvania showed that factors influencing the type and amount of silage fed had relatively 
small impacts on nutrient accumulation and loss from the farm. Economic impacts were more 
important where silage production strategies affected the annual net return of the farm by as 
much as $100/cow. Likewise, nutrient management decisions affecting the quantity and quality 
of silage production had relatively small impacts on the environment with greater opportunity for 
economic impact. 
Model Availability 

Management options and combinations of options can be evaluated with the Integrated 
Farm System Model for other farms and locations. For those interested in further analyses and 
comparisons of farm production systems, a Windows® version of the model is available from the 
Internet site of the Pasture Systems and Watershed Management Research Unit 
(http://ars.usda.gov/naa/pswmru)1. To obtain a copy of the program, including an integrated help 
system and reference manual, the Internet site can be accessed at the address given, where 
instructions for downloading and setting up the program are provided under the software 
products link. 

 
 
 

                                                 
1Mention of any trademark or proprietary product are for information only and do not constitute endorsement, 
recommendation, or exclusion by the USDA-ARS. 
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INTRODUCTION 

Tropospheric ozone is one of the most important pollutants throughout the United States. 
Currently, higher ozone levels are found not only in densely populated areas and areas with 
intense agricultural operations, but also in remote areas. The United States Climate Change 
Science Program and the Subcommittee on Global Change Research have recently reported that 
over the past 50 years the ozone at the land surface has risen in rural areas of the United States, 
and is forecast to continue to increase during the next 50 years (U.S. Climate Change Science 
Program, 2008). 

 The Central California’s San Joaquin Valley (SJV) has long suffered from some of the 
worst air pollution in United States in general, and high ozone levels in particular. Ground level 
ozone formation is caused by the gas-phase reaction of emitted VOC and oxides of nitrogen 
(NOx) in the presence of sunlight. The United States Environmental Protection Agency (EPA) 
has identified the SJV as a "severe non-attainment" area based on the federal 8-hour ozone 
standard. In March of 2008 the EPA adopted a new 8-hour ozone standard of 0.075 ppm (US 
EPA, 2008). In order to attain this new standard for agriculturally intensive regions, the 
reduction of agricultural emissions of VOC and NOx is essential. 

Considerable effort at ozone reduction has been attempted in the past few decades by 
reducing the total mass of VOC emissions (US EPA, 2008). However, impacts of various VOC 
on ozone formation differ significantly from one species to another. This makes the 
determination of individual VOC crucial for the assessment of ozone reduction strategies. In 
particular, non-traditional VOC control strategies take into account the pronounced differences in 
“reactivities” of VOC (Carter et al., 1995), and therefore further provide the means for additional 
ozone reduction, which could supplement mass-based control approaches. Additionally, VOC 
reductions have been more effective in reducing ozone in dense urban areas where, due to higher 
NOx levels, VOC are the limiting factor in ozone formation. Away from dense urban areas, NOx 
are limiting, and the natural background of VOC (from soils, grasses and trees) can make 
anthropogenic VOC less dominant. Based on current models of the SJV air basin, even complete 
elimination of all sources of all types of anthropogenic VOC would not achieve attainment of the 
ozone standard; in fact, it would only produce modest improvement. NOx reductions are 
paramount but, nevertheless, an increase in VOC, especially the more reactive ones, would 
necessitate even greater NOx reductions. 

Although the vast majority of ozone precursors’ sources are well characterized, and their 
control has proven effective at reducing urban ozone (ARB, 2005; Kumar and Viden, 2007; EPA, 
2008), data on dairy emissions remain sparse. Dairies are believed to be one of the largest 
sources of VOC and their high concentration in the SJV is of particular concern (CARB, 2006). 
To make matters worse, the combination of extensive and intensive agriculture, stagnant air and 
low wind speeds coupled with high summer air temperatures, high summer levels of solar 
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irradiation and cloudless skies provide the optimal conditions for ozone formation in the SJV. 
Therefore, evaluation and understanding of emission sources, speciation of a wide range of 
dairy- and agricultural-related compounds and assessment of their reactivities are critical.  

Several research efforts have been undertaken in the past few years to better quantify 
emissions from dairies and agricultural sources. Seventy different VOC including p-cresol, 2-
butanone, ethyl acetate, α-pinene, and δ-3-carene were identified on 8 dairy farms in Sweden by 
Sonesson et al. (2001). Measurements to identify VOC with a focus on odorants such as amines, 
sulfides, phenols, and volatile fatty acids (VFA), were conducted from livestock facilities 
(McGinn et al., 2003; Rabaud et al., 2003). Hobbs et al. (2004) measured emissions from dairy 
cattle manure in the UK using the sorbent trap-Gas Chromatography/Mass Spectrometry 
(GC/MS) technique and identified approximately 20 compounds of which acetic acid and 
dimethyl sulfide were dominant.  

A total of 113 compounds were identified at the Washington State University Knott 
Dairy Farm (Filipy et al, 2006) using GC/MS, sorbent tubes, and cryogenic traps techniques. The 
wide range of VOC included alcohols in which ethanol was dominant, aldehydes, ketones, esters, 
ethers, sulfides, carbonyls, aromatics, and other hydrocarbons. VOC emissions from dairy cows 
and their waste at various stages of the lactation cycle were measured with a proton-transfer-
reaction mass spectrometer (PTR-MS) using a facility at the University of California, Davis 
(Shaw et al., 2007). The measurements of alcohols, VFA, phenols, and methane (CH4) emitted 
from non-lactating and lactating dairy cows and their manure under controlled conditions were 
reported by Sun et al. (2008).  

Ngwabie et al. (2008) reported chemical ionization mass spectrometry and photo-acoustic 
spectroscopy measurements of mixing ratios of VOC over a 2-week measurement period in a 
large cowshed in Mariensee, Germany. Numerous VOC were detected with alcohols (ethanol, 
methanol, C3-C8 alcohols) being dominant, followed by acetic acid and acetaldehyde, and 
included ketones, amines, sulfides, aromatic compounds, and VFA. These results indicated that 
VOC emissions from animal husbandry are dominated by oxygenated compounds.  

Alanis et al (2008) quantified emissions of 6 VFA from non-enteric sources at a small 
dairy located on the campus of California State University at Fresno. Both animal feed and 
animal waste were found to be major sources of VFA, with acetic acid contributing 70-90% of 
emissions from the sources tested. Measured total acid fluxes during the spring (with an average 
temperature of 20o C) were (mean ± SD) 1.8± 0.01, 1.06 ± 0.08, 0.013 ± 0.005, 0.017± 0.002, 
and 0.012 ± 0.005 g/m2 per h from, respectively, silage, total mixed rations, flushing lane, open 
lot, and lagoon sources, with silage being the highest contributor. These data indicated high 
fluxes of VFA from dairy facilities.  

Recently reported studies provided improved information regarding VOC emissions from 
dairy facilities in general and animal waste in particular. However, while fermented cattle feed 
(silage) could arguably be one of the largest, perhaps the largest, sources of dairy-related VOC, 
currently there are no experimental data available on the identification and characterization of 
VOC emissions from silage and other feed sources. We have utilized a combination of GC/MS 
and high performance liquid chromatography (HPLC) with specific objectives to: 1) identify 
gaseous compounds emitted from different types of silage and other feed sources in order to 
better understand their contribution to ozone formation; 2) quantify emitted VOC concentrations 
and compare different silage types across the dairy; and 3) measure concentrations of aldehydes 
and ketones emitted from silages. 
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Here, we report the first detailed speciation profile from representative (large volume) 
samples of silage and other feed obtained under controlled conditions. Large sample volume is 
important because even within the same silage pile the nature of the sample and therefore the 
emitted VOC concentrations may vary considerably. Furthermore, while field measurements are 
crucial for identification and characterization of dairy-related VOC, differences in dairy 
management styles, effects of metrological conditions and climate, and other factors could result 
in differences in the experimental results obtained by different research groups. In addition, 
interpretation of the emissions sources may be confounded by compounds from other nearby 
sources such as diesel-fueled vehicles used at the dairies among others. Reported experiments 
were conducted under controlled conditions, which further allow comparison of different types 
of typical dairy silage, and other feed sources and eliminate the influence of ambient conditions.  
 
MATERIALS AND METHODS 
 Feed Samples Collection 

Silage and other feed samples were collected from a commercial dairy located 
approximately 30 km northwest from the campus of University of California at Davis. This is a 
typical large size Californian dairy, representative of most western dairy operations. In this 
relatively new and modern facility, approximately 3000 cows are housed in freestall, naturally 
ventilated barns with open walls. Silage piles are used as forage in dairy rations, placed aside and 
near other feed storage structures. The layout of these structures allows the formation of a 
feeding center.  

The feed (total mixed ration, TMR) is a mixture of various components formulated to 
provide the optimum amount of energy and nutrition to the animals at the dairy. Silage is the 
largest component of the TMR. Typically, there are several different forage piles located at the 
dairy. Except for the vertical open-face, silage piles are covered with black plastic sheets and 
sealed along the sides. Tires are used for holding plastic tightly against the top surface of the pile. 
This helps to prevent silage spoilage, due to air exposure, and reduces emissions.  

Typically, 15-30 cm of forage are removed from the face of the pile daily leaving this 
open part of the pile exposed to ambient air. All forage samples (corn, alfalfa, and cereal silages) 
within the dairy were collected early in the morning, right after a new portion of silage was 
removed. The high moisture ground corn pile was not covered and samples were also collected 
immediately after new portion was removed for TMR preparation. Other piles of feedstuff 
(almond hulls and almond shells) were covered for sun and rain protection (roof only, no walls 
structure) and their samples were collected in a similar manner. 

Various feed components are loaded into a large truck where they are mechanically 
mixed and delivered to the animals. This operation normally takes place twice each day. The 
TMR samples were collected as soon as it was delivered to the animals. Large plastic bags 
(doubled to avoid emissions leakage) were tightly closed and immediately transported to campus.  
 Experimental chambers 

Experiments were conducted in an Environmental Chamber (4.4m x 2.8m x 10.5m) at the 
Department of Animal Sciences, University of California at Davis. This facility is widely used 
for research projects with dairy cows and other animal groups and was described in greater detail 
by Shaw et al (2007) and Sun at el (2008). Prior to initial silage experiments, the facility was 
thoroughly cleaned and continuously flushed with the ambient (inlet) air for a week. Background 
and inlet air samples were collected throughout all experiments. 
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Approximately 40-70 kg of silage or other feed samples were placed in a large round bin 
(diameter 1.92 m) located in the center of the chamber and spread to a depth of approximately 30 
cm. Chamber door was closed and sealed. All major experiments were conducted in duplicate. 
 Air samples collection and their analyses 

Multiple air samples from the chamber outlet port were collected using 6 L SUMMA® 
passivated stainless steel canisters from two manufactures: TO-Cans from Restek (110 Benner 
Circle, Ballefonte, PA) and Model S6L-G AeroSphere sampling canisters from LabCommerce 
Inc. (San Jose, CA). Chamber residence time was approximately 6 minutes, so canister samples 
were collected 10 min later after feed sample was exposed in the chamber. Canister sampling 
could be performed in two modes: either grab or time-integrated sampling (up to 24 hours). The 
results of preliminary tests conducted with small size silage samples at the lab bench under 
isolation flux chamber (Mitloehner et al. 2009, unpublished) showed that VOC (primarily 
alcohols) were released immediately once the sample was exposed to the air and significantly 
decreased with time. Based on these results, grab samples were collected with canisters to enable 
the capture of emitted VOC at their highest concentrations. A single head Teflon coated 
aluminum pump (Model M161-GT-AA1, Air Dimensions Incorporated, FL) was used to 
pressurize canisters while sample collection so that the sampled canister can be analyzed directly 
by analytical system to avoid any dilution (pressurizing with nitrogen in the laboratory) prior the 
analysis. Sampling procedures, canisters cleaning and preparation were performed according 
recommendations of EPA method TO-15 for the determination of toxic organic compounds 
through analysis of ambient air samples collected in specially-prepared canisters which are 
further analyzed by GC/MS (US EPA, TO-15 method) and the Laboratory Standard Operating 
procedures for ambient air analysis used by the California Air Resources Board (CARB, SOP 
MLD 059). 

The analytical system was set up according to recommendations of US EPA TO-14 and 
US EPA TO-15 methods. Canister samples were analyzed using the GC/MS system consisting of 
a Varian CP-3800 Gas Chromatograph and Varian Saturn 2200 Ion Trap Mass Spectrometer 
(Varian, Inc., Palo Alto, CA) with built-in high performance sample concentrators (Lotus 
Consulting, Long Beach, CA). A GC equipped with Cryogenic/Adsorbent Concentration System, 
handled concentration of the sample and introduction of the concentrated sample onto the gas 
chromatographic column. Samples were loaded through a 16-position automated valve and 
trapped onto a low-volume adsorbent carbo-trap system (consisting of Carbopack B, Carbotrap 
C, and Carboxen 569) at 50ºC with a mass flow controller setting the sample size. Then the 
sample was trapped on a cryogenic trap at -180 ºC. The cryo-focus trap was rapidly heated up to 
200 ºC to inject the sample onto a DB-624 fused silica capillary column with dimensions 60 m x 
0.32 mm x 1.8 μm and helium as a carrier gas. The GC oven temperature program was as 
follows: initially, temperature 200ºC was maintained for 14.5 min (during sample injection and 
pre-concentration); then was ramped at 100ºC/min to -30ºC (sample was injected onto the 
column) with a holding time 5 min; then was ramped at 5 ºC/min to a final temperature of 220 
ºC. This temperature was held for 3.65 min resulting in a total run time of 75 min.   

The mass spectrometer was operated in electron impact ionization mode at 70 eV and 
signals were collected using m/z 25-220 AMU (atomic mass unit). Compounds were identified 
using the National Institute of Standards and Technology (NIST) library. To improve reliability 
of identification of some of the compounds, additional tests with the individual compounds were 
performed in order to confirm their retention time.  
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The GC/MS system was calibrated using a TO-15 calibration mix of 62 components 
(Scott Specialty Gases, Plumsteadville, PA). The contents of this mix were transferred into the 
canister dedicated for standards and further diluted down to 10 ppb. For other compounds, which 
were not present in the calibration mix, quantification assumptions were made using known 
standards of different molecules of the same class of compounds. System linearity was verified 
for most of compounds present in the calibration mix by using 4 calibration points. The absolute 
accuracy of the concentration measurement for most of compounds was estimated to be ±10%. 

An additional standard consisting of acetaldehyde, methanol, ethanol, isoprene, acetone, 
dimethyl sulfide, and phenol (Apel-Riemer Environmental, Inc., Broomfield, CO) was also used 
for the GC/MS calibration. 
Determination of carbonyl compounds and HPLC analysis 

 Sampling and analytical methodology for the determination of carbonyls was based on 
the TO-11A US EPA method (1999). Carbonyl compound emissions from each type of feed 
sample were collected using cartridges impregnated with 2,4-dinitrophenylhydrazine (DNPH) 
(Waters Corp.) at the sampling rate of around 600 ml/min. Samples were collected for 180-230 
minutes depending on experimental set up. Sample cartridges and field blanks were capped and 
placed in polypropylene bags immediately after sampling and stored under refrigeration prior to 
analysis.  

During sampling, carbonyl compounds were reacted with DNPH to form hydrazone 
derivatives (CARB, SOP MLD 022, 2001). These derivatives were extracted from the DNPH 
cartridges by gravity feed with 5 ml of acetonitrile (HPLC grade-99.9%, Chromasolv, Sigma-
Aldrich) in a plastic syringe reservoir. Sample extract was collected in a 16 ml vial. A field blank 
cartridge was also extracted in the same manner as samples. The eluate was analyzed by isocratic 
reverse phase HPLC (Agilent, Model HP1100, Palo Alto, CA) equipped with an ultraviolet 
absorption detector operated at 360 nm. Restek Ultra C18 column with the dimensions of 250 
mm x 4.6 mm was used for compound separation. Acetonitrile and water in the ratio of 70:30 at 
a flow rate of 1 ml/min was used as mobile phase.  

Calibration solution containing 15 carbonyl compounds in acetonitrile at 15 µg/ml was 
purchased from Supelco (Belfonte, PA). HPLC calibration was done with the standard 
calibration solution after diluting it to 0.015 µg/ml, 0.15 µg/ml, and 1.5 µg/ml. A solvent blank 
was analyzed prior to any standard and sample analysis to make sure that the HPLC and solvents 
were contamination-free and had no carbonyl compounds above the detection limit. 
Head space technique and second GC/MS 

In addition to experiments conducted in the environmental chamber, a headspace 
approach was used to qualify emissions from feed samples. In these experiments, a one liter 
glass bottle (carboy) was flushed with nitrogen for 30 min, then 25 grams of tested silage sample 
was placed in the carboy and the carboy was immediately closed and tightly sealed with the help 
of large septa serving as an air tight top.  

Upon reaching equilibrium, a head space sample was analyzed on a GC/MS system 
(different than that used for the canisters samples analysis) by direct injection. Gas 
Chromatography (Agilent 6890A, Palo Alto, CA) separations were performed using a capillary 
column ZB-624 (Phenomenex, Torrance, CA) with dimensions 30 m x 0.25 mm x 1.4 μm and 
helium as a carrier gas. GC oven temperature was programmed as follows: initial oven 
temperature was set to 35°C for 5 minutes, and then ramped by 8°C/min to 220°C for a hold time 
of 5 min. Second ramp was 10°C/min to 240°C with the hold time of 2 minutes. Injector 
temperature was set at 200°C. Mass Spectrometry measurements were performed on Agilent MS 
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5973N instrument. Electron ionization conditions were as follows: ion energy -70eV, scan range 
from 30 to 300 AMU, tune reference compound was perfluorotributylamine.  

Calibration mixture consisting of 7 compounds were made and used to generate a 
headspace in ppm level in similar one liter bottle. After 30 min, 200 µl of the headspace was 
injected directly onto the column. 
 
RESULTS AND DISCUSSION 
 Headspace analyses results 

Prior to the measurements in an Environmental Chamber, a series of laboratory 
experiments using a headspace technique were conducted to determine which VOC might be 
normally emitted from silage at elevated concentrations. A fresh silage sample was used in each 
experiment and at least 3 analyses were conducted using the GC-MS#2 system. A total of 24 
compounds were identified and quantified from silage and TMR emissions. These included 6 
alcohols, 5 VFA, and 13 carboxylic acids esters. Alcohol emissions from all silages and TMR 
were the dominant VOC, with ethanol concentrations being the highest among all emitted 
alcohol compounds. The highest concentrations of ethanol and propanol were detected from corn 
silage. Significant concentration of 2-butanol was also detected from corn silage. In addition, a 
low concentration of isopentyl alcohol was measured from corn and cereal silages. Emission 
fluxes of hexanol were detected from all silage samples at relatively small concentrations and not 
quantified. Corn silage was found to emit the highest concentration of alcohols. 

Volatile fatty acids were identified as the second most abundant group of compounds 
emitted from silages and TMR, with acetic acid having the highest concentration within VFA 
emissions. The high concentration of acetic acid observed in our experiments could be correlated 
to its presence (up to several percent by mass) in silage (Danner et al., 2003; Kung and Shaver, 
2001). Propionic, isobutyric, butyric, and isovaleric acid emissions were also detected and 
quantified from the alfalfa silage and TMR. These findings are consistent with recently reported 
data on the evaluation of non-enteric emission fluxes of VFA from 5 different locations 
including silage and TMR (Alanis et al., 2008). The highest fluxes of VFA were observed from 
silage, with TMR producing lower emissions. Similar to our results, the emissions of acetic acid 
were found to be higher (by 1-2 orders of magnitude, depending on source) from all selected 
sources among all measured VFA (Alanis et al., 2008). Further, in our chamber experiments, the 
VFA emissions from alfalfa silage and TMR were also measured (data not reported here) using 
sorbent tubes method are described in detail by Sun et al. (2008). In these experiments we have 
detected fluxes of acetic, propionic, isobutyric, butyric, isovaleric, valeric, isocaproic, caproic, 
and heptanoic acids. It is important to underline that despite the relatively high concentrations of 
emitted VFA from dairy silages found in this work, and in the study conducted by Alanis et al. 
(2008), these compounds are known to have insignificant effect on ozone formation (Carter, 
1994).  

A wide variety of carboxylic acid esters have been identified and quantified in addition to 
alcohols and VFA emitted from silages and TMR. The emitted propyl acetate, propyl propionate, 
as well as ethyl, propyl, and butyl esters of butyric acid, had the highest concentrations for corn 
silage. The highest concentration of ethyl acetate was detected from cereal silage. The 
composition and concentrations of identified emitted esters varied significantly among tested 
silage and TMR samples. Corn silage was found to emit the widest range and highest 
concentrations (except for ethyl acetate) of carboxylic acids esters. 
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Emission of only a few VFA and propyl propionate was detected from dry food 
components (almond hulls and almond shells), with their concentrations being below the 
quantification limit. 

Based on preliminary flux chamber experiments (Mitloehner et al. 2009, unpublished), 
alcohols (methanol and ethanol) were expected to be the dominant compounds emitted from 
silage. In headspace experiments, this was only the case for ethanol. Methanol was difficult to 
retain on the GC column because it eluted too rapidly (GC/MS#2 system). This was due to the 
fact that the adsorbent pre-concentration system of the GC/MS#1 was originally designed to be 
hydrophobic in order to reject water. These major system features preclude analyzing this most 
polar of alcohols. 

It is known that methanol is not only one of the most abundant oxygenated volatile 
organic compounds in the atmosphere (Brunner et al., 2007), but that it also plays a significant 
role in atmospheric chemistry as it influences the concentrations of various oxidants. 
Formaldehyde, ozone and peroxy radical concentrations are enhanced while OH radical levels 
are decreased through the atmospheric reactions of methanol. It was estimated (Jacob et al., 
2005, Brunner et al., 2007) that only 11-20% of the methanol in the atmosphere is of 
anthropogenic and atmospheric origin, while the major part (80-89%) is of biogenic origin. In 
addition to several investigators who reported methanol emissions as part of the plant 
metabolism (Brunner et al., 2007), several authors determined methanol fluxes emitted from 
agricultural crops, including an alfalfa field (Warneke et al., 2002). In addition, senescing, 
cutting, and drying of plant leaves are known to be sources of methanol (de Gouw et al., 1999; 
Warneke et al., 2002). Thus, future experiments on quantification of methanol emissions from 
dairy feed sources appear to be important for the assessment of air quality strategies. 
Canister analyses results 

Following the determination of a suite of compounds emitted from silages through the 
headspace method, further detailed identification and quantification of VOC emissions from 
assorted feed samples were conducted using GS/MS analyses of canister samples collected in the 
environmental chamber. In environmental chamber experiments, four canisters for each tested 
feed source were collected and analyzed. Since low emissions were expected from dry almond 
hulls and shells, only two canisters were collected for analysis of VOC emissions from these 
samples. For each experiment, duplicate analysis of every second canister was conducted as well. 

The results show that the majority of VOC identified in the environmental chamber 
experiments were oxygenated compounds with alcohols being the major contributors. Total 
concentration of alcohols was found to vary in the range of 500-600 parts per billion by volume 
(ppb) from the TMR, alfalfa silage, and high moisture ground corn to approximately 1,700 and 
2,000 ppb from corn and cereal silages, respectively. Among alcohols, ethanol was the most 
abundant throughout measurements of all silages and TMR. Besides ethanol, significant 
concentrations of propanol and other isomers of C3-C4 alcohols were also detected with the 
highest concentration emitted from corn silage. Ethanol was expected to be a dominant VOC 
compound since it is produced by yeast fermentation of the plant material as part of the ensiling 
process. The combined alcohols (excluding methanol) accounted for over 80% of the total VOC 
emissions measured by the canisters analyses, with the ethanol concentration alone exceeding 
70% and 90% of total alcohol emissions for silages, TMR and high moisture ground corn, 
respectively. The ethanol emissions from cereal silage were determined to be the highest, 
followed by emissions from corn and alfalfa silages. However, the emissions of alcohols in 
general, and ethanol emissions in particular, could vary significantly due to number of factors. In 
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general, silages made from grass and winter grown cereals with lower carbohydrate content are 
expected to produce less ethanol than corn and grain silages. Furthermore, silage preparation 
methods, different additives, management style, climate, and ambient conditions could contribute 
to the variability in emissions. 

In addition, the density of silage piles could also play an important role. The plant 
material during silage production is compacted to the point where no oxygen is present and 
anaerobic conditions are established that promote the growth of autochthonous lactic acid 
bacteria (Neureiter et al., 2005). Microbial conversion of soluble carbohydrates into lactic acid 
and the resulting decrease in pH prevents the growth of undesirable microorganisms. In case of 
incomplete compaction, the amount of oxygen could be sufficient for yeast and they could 
ferment carbohydrates to ethanol. This would be an indication of poor quality of silage. 
Therefore, our experiments have demonstrated that levels of alcohol emissions from different 
silage types vary significantly and determine total VOC emissions. 

Since silage is typically the largest component of TMR, significant but lower ethanol 
fluxes were detected from TMR. Alcohols are very volatile and rapidly vaporize during 
preparation and distribution of TMR. While the alcohols and other VOC emissions are lower 
from the TMR compared with silage, the feed (TMR) typically is spread over a much larger area 
than the silage pile face. Thus, because of the larger surface area, the potential for emissions 
from TMR could be greater than from silage. 

However, composition of TMR varies significantly across dairies depending on climate 
and geographical location, herd size, and management practices. Boguhn et al. (2006) studied the 
effect of TMR composition on fermentation and efficiency of ruminal microbial crude protein 
synthesis in vitro. Researchers used 16 total TMRs that varied in ingredient composition and 
nutrient content (Boguhn et al., 2006), which is an appropriate illustration of the TMR 
composition variability. Corn and/or grass silage were main ingredients in all TMR while the 
other components varied widely. Some dairies used additives, vitamins, and liquid components 
in their TMR. In case liquid components are present, the higher moisture content in TMR 
compared to silage may also explain lower alcohol emissions when soluble alcohols are being 
trapped. Both major alcohols (methanol and ethanol) are well known to have low reactivity 
(Maximum Incremental Reactivity, MIR) (Carter et al., 1995b) and are not expected to 
significantly impact the formation of ground level ozone (Howard et al., 2007). 
  The wide variety of carboxylic acids esters was found to be emitted from all silages, with 
propyl acetate and propyl propionate being the most abundant. In addition, a relatively high 
concentration of ethyl propionate was detected from TMR samples and the total emissions of 
carboxylic acids esters varied significantly across assorted silages. As reported by Figueiredo et 
al. (2007), due to the fermentation, the esters were found to be the most represented class of 
compounds in red clover silage. With respect to their atmospheric reactivities, contribution of 
carboxylic acids esters into ozone formation is not significant. Thus, it was established that 
methyl acetate is approximately 1/3 to 1/2 as reactive as ethane, which has a MIR of 0.3 and has 
been used by the EPA to define the borderline between reactive and negligibly reactivity for 
VOC exemption purposes (Carter et al., 1996). Similarly, the atmospheric ozone impact of t-
butyl acetate was also concluded to be lower than that of ethane (Carter et al., 1998). 

In environmental chamber experiments emissions of highly reactive alkene compounds 
were found from all feed samples with the C4 alkenes, such as 2-butene and methylpropene, 
possessing the highest concentration from corn silage. Other identified alkene compounds 
emitted from all silages and TMR included pentadiene, 1,4-hexadiene, and an alkyne compound 
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(2-methyl-3-hexyne). These compounds, even at lower concentrations, could contribute 
significantly to ozone formation (Carter, 1994). 

The vegetation/biogenic emissions are typically more reactive that the VOC emissions 
from automobiles and can have higher ozone-forming potential (Carter, 1994). The minor 
constituents among identified VOC include monoterpenes. Thus, limonene was detected at low 
concentration in wheat silage and high moisture ground corn, while cineole (limonene oxide) 
was present in wheat and alfalfa silages. Some dairies use citrus pulp either on a regular basis or 
occasionally as a component of their TMR. While this was not a case with the dairy that was a 
source of feed samples for our studies, the potential presence of limonene at higher 
concentrations elsewhere could be attributed to the addition of citrus pulp as a feed supplement. 
Alpha-pinene was detected in all tested samples including almond hulls and almond shells. The 
variations in concentrations of the compounds group included alkenes, alkynes, dienes, and 
monoterpenes from different feed sources ranged from 8 ppb (high moisture ground corn) to 80 
ppb (corn silage). The emitted aliphatic alkanes were detected at concentrations as low as 
approximately 1 ppb and their concentrations were found to be the highest in high moisture 
ground corn. On both GC-MS systems, effort was made to detect isoprene, a highly reactive 
biogenic diene. It co-eluted with the large ethanol peak, but by substituting a column with 
different polarity on GC-MS#2, headspace samples were re-prepared and re-analyzed to confirm 
that isoprene concentrations were below the quantitation limit. 

The highest aldehyde emissions in descending order were detected from cereal silage and 
TMR. Concentrations of emitted ketone compounds, which were found to be significantly lower 
than aldehydes, varied in the range of 2-12 ppb with the highest concentrations from high 
moisture ground corn.  

A wide range of aromatic compounds, which could significantly contribute to ozone 
formation, was identified at low concentration levels. Among others these included toluene, 
styrene, xylenes, ethylbenzene, and chlorobenzene. Emissions of aromatic compounds were 
found to be the highest from TMR followed by the wheat silage. Note that a number of halogen 
hydrocarbons, which were identified from all sources and detected at low (parts per trillion) 
concentration, most likely correspond to the ambient air background. Similarly, trace 
concentrations of acetonitrile are probably due to the ambient air background as well. 

Other compounds may be present in feed samples at trace levels, which were not detected 
in this study, particularly ones that could be present in samples from different dairies. 
Carbonyl compounds analyses results 

Concentrations of carbonyl compounds emitted from feed were also determined by using 
DNPH cartridges. This method provides significantly more accurate measurements for carbonyl 
compounds than any technique requiring sample storage (including canisters). Ten aldehydes 
(including formaldehyde) and acetone from various feed sources were quantified in this project. 
While formaldehyde quantification is important because it is a major promoter in the formation 
of photochemical ozone, its quantification is also complicated. For instance, formaldehyde 
cannot be quantified with PTR-MS due to its low proton affinity (Shaw et al). 

 Acetaldehyde was found to be the most abundant in all cases with contribution from 55 
to 60% of total aldehyde emissions from corn and alfalfa silages to 85-90% from TMR and 
cereal silage. Emissions of propionaldehyde, butyraldehyde, and isovaleraldehyde at relatively 
high concentrations were also identified and quantified. Additionally, emissions of C-6 
aldehydes were detected with all analytical methods described above. 
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The presence of these compounds is consistent with results from the proton-transfer 
chemical-ionization mass spectrometry measurements from cutting and drying of plant material 
during crop harvest (De Gouw et al. 2000). Thus, for clover, alfalfa, and corn, leaf-wounding and 
in particular drying were shown to lead to strongly enhanced emissions of a series of C-6 
aldehydes, alcohols, and esters derived from (Z)-3-hexenal. Furthermore, enhanced emissions of 
methanol, acetaldehyde, acetone, and butanone from the forage crops clover and alfalfa were 
also reported (De Gouw, 2000). Warneke et al. (2002) utilized a novel combination of disjunct 
eddy covariance and PTR-MS for selected VOC flux measurements from an alfalfa field, which 
were conducted before, during, and after cutting. Over the course of one day, a significant 
methanol flux was observed from undisturbed alfalfa. A smaller release of hexenals, 
acetaldehyde, and acetone was reported as well. After the alfalfa was cut, the emissions of 
methanol, acetaldehyde, acetone, and hexenals were significantly enhanced and remained high 
for 3 days during which the alfalfa was drying. All of the compounds found by De Gouw (2000) 
and Warneke et al. (2002) were identified and quantified here in all collected samples. 

Steiner et al., (2008) indicated that, in central California, 30-50% of the modeled urban 
VOC reactivity is due to aldehydes and other oxygenated species. In rural vegetated regions, 
biogenic and aldehyde reactivity dominates. Emitted reactive hydrocarbons may undergo 
photochemical oxidation in the atmosphere, producing formaldehyde and other carbonyls. The 
ketones have potential to react with the hydroxyl radical to form aldehydes and peroxyacetyl 
nitrate (PAN) precursors if sufficient NO2 is present. Acetone can undergo photooxidation to 
form formaldehyde, carbon dioxide and PAN (Seinfeld and Pandis, 1998). 

However, emissions of aldehydes and other oxygenated VOC are currently poorly 
quantified from all of these sources. Oxygenated compounds in the SJV are currently estimated 
to be low. Thus carbonyl compounds, including low molecular weight aldehyde and ketones, are 
receiving increased attention from the regulatory agencies. This indicates that more attention 
should be focused on the accuracy of the existent models as well as on the measurements of both 
primary emissions of oxygenated VOC and secondary production of oxygenates (in particular 
formaldehyde and other aldehydes) (Steiner et al., 2008). 
 
CONCLUSIONS 
 This research has demonstrated the diversity of VOC emitted from various types of 
silages and other feed sources. The measurements indicated that open-face silage piles are likely 
significant sources of VOC on California dairies. The bulk of emitted compounds identified here 
are oxygenated VOC in which alcohols are dominant, and known to have only a small impact on 
ozone formation. However, emissions of alkenes, alkynes, diene compounds, and aldehydes from 
silage could make a significant contribution to ozone formation. The atmospheric implications of 
these findings may include effects on the local air quality in agricultural areas. Comprehensive 
measurements of fluxes of a suite of oxygenated VOC emitted from assorted dairy feed sources 
are needed to assess their importance in regional chemistry. 
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Introduction Traditionally forage production in Europe has been achieved through intensive 
fertilizer and manure application to land.  Analysis has shown that this has led to increasing 
nitrification and contamination of underground water.  In some states, forage dry matters are less 
than 30% leading to effluent production which again can contaminate water systems unless well 
controlled. EU policies have been increasingly aimed at regulating agricultural impacts on the 
environment.  The Helsinki Council meeting (1999) adopted the “Strategy for integrating an 
environmental dimension into CAP”.  This set specific objectives covering the use of water, 
agrochemicals, soil erosion, climate change, air quality, amongst others.  The EU dairy farmer 
has had to meet these objectives at the same time as dealing with record low milk prices and high 
raw material costs.   
 
Diverse Ecosystem Europe is a diverse ecosystem in many ways similar to North America.  The 
north west coast is mild but very wet whereas the middle shows typical continental effects with 
cold winters and dry hot summers.  The south west is reasonably hot and dry.  Most dairy 
operations are in the north west and central parts of Europe and are silage based.  Main silage 
crops are perennial ryegrasses and corn.  Environmental issues are different in each region and it 
has been left to the individual states to manage any issues to meet the overall goals of the EU. 
 
Nitrate Vulnerable Zones (NVZ) As early as 1991 the EU adopted the Nitrates Directive 
(91/676/EC) requiring all member states to reduce the nitrate level in drinking water to less than 
50mg/l.  The UK, Netherlands, Germany, France, Austria, Denmark and Sweden have been 
designated as NVZ because their drinking water exceeds these limits. Both the Dutch and Danish 
ministries recognized this problem several years ago because of the high intensity of their dairy 
farms and the excessive nitrate losses to water and air and approached the problem through the 
Farm Nutrient Balance (FNB). The UK government has more recently categorized 68% of 
England as NVZ and has limited both time and quantity of nitrogen addition from both fertilizer 
and manure.  Limiting nutrient addition for forage production has an effect on quantity and 
quality of resulting silages.  In addition, where new silos are required for silage storage, materials 
of manufacture and building methods are regulated to ensure no pollution. To ensure EU farmers 
meet regulations they are subject to “cross compliance” a series of 36 standards, more than 25% 
of which affect silage production, phased in over a three year period from January 2005. They 
are policed by unannounced farm inspections and non-compliance results in deductions of 1% to 
100% from supporting payments. 
 
Climate Change Agriculture contributed 9 % of total EU-15 GHG emissions in 2006, making it 
the second largest sector after the energy sector (including transport). Agriculture emits 
important non-CO2 gases, such as N2O and CH4, which account for 5 % and 4 % of total EU-15 
emissions respectively, although agricultural GHG emissions in the 27 EU countries fell by 20% 
between 1990 and 2006, due to declining livestock numbers, more efficient use of fertilizers and 
better manure management. 
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Cradle to farm-gate milk production accounts for 3% of total EU GHG emissions, half of which 
is from enteric fermentation in dairy livestock. Over a quarter of Europe’s CH4 emissions come 
from enteric fermentation in dairy cows, rising to 48% if you add young stock, beef cattle and 
manure management. GHG emissions rates are highest in the south (1.7kg CO2e per kg of milk), 
where commercial systems typically comprise large herds yielding 6,000kg per cow and fed high 
levels of concentrates, and lowest in the north (1.25kg) on farms with intensive corn silage 
systems, mineral fertilizer application rates of 120-150kg N/ha, 1,300-1,800kg concentrates fed 
per cow and milk yields of 7,000 to 8,000kg per cow. Emission rates in the UK are around 1kg 
CO2e per kg of milk and CH4 from enteric fermentation is down 31% since 1990, but pressure 
for further cuts is high as the country seeks to meet 80% GHG reduction targets by 2050. 
 
Carbon Footprints A new standard for comparison of emission counts, PAS2050, encourages 
inclusion of products’ carbon footprint on the label. Several companies already offer a carbon 
label service and spreadsheet based carbon foot printing tools using readily available farm data 
have been introduced amid concerns that current standards are not aligned with on farm realities.  
 
Conclusions Improvement in silage management will play an essential role in reducing the 
environmental impact of agriculture, particularly more efficient use of fertilizer and manure, use 
of biofuels, inoculation for better and faster fermentation and improved digestibility and making 
haylage rather than hay. 
 
 

 
 
Figure 1. Assessment of nitrogen flows in agriculture of EU-27 Oene Oenema, Jan Peter 
Lesschen & Gerard Velthof Wageningen University & Research Centre 2008 
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Development of dietary and animal approaches to reduce methane emissions 
from dairy cows 
T. Yan 
Agri-Food and Biosciences Institute, Hillsborough, Co. Down BT26 6DR, UK; 
Email: tianhai.yan@afbini.gov.uk 
 

Introduction Methane (CH4) emission from dairy cows is a considerable source of greenhouse 
gas, which is responsible for global warming. In the UK, ruminants contribute approximately 
20% of all CH4 emissions with most arising from cattle. The objective of the present study was 
to develop mitigation strategies to reduce CH4 production of dairy cows offered grass silage-
based diets. 
 

Materials and Methods The dataset used in the present study was derived from 21 energy 
metabolism studies with 576 lactating (milk yield = 3.2 to 49.1 kg/d) and 16 dry dairy cows 
undertaken at this Institute since 1992. There were 524 Holstein-Friesian, 36 Norwegian and 32 
Jersey-Holstein cows. The animals were of various genetic merits, lactation number (1 to 9), 
stage of lactation and live weight. All cattle were given mixed diets of perennial ryegrass silage 
and concentrates (silage proportion = 0.181 to 0.869 kg/kg DM), except for 43 animals in 3 
studies for which the grass silages were given as the sole diets. The CH4 emission was measured 
using indirect open-circuit respiration calorimeter chambers. Experimental effects on 
relationships between CH4 production and animal and dietary factors were removed. 
 

Results and Discussion  A range of relationships between proportional CH4 emission and 
animal and dietary factors were developed (Table 1 and Figure 1) and all relationships are 
significant (P < 0.001), with R2 values from 0.39 to 0.64. These relationships demonstrated that 
management and nutritional strategies could be used to reduce CH4 emission from dairy cattle. 
The most effective approach is to increase the level of animal productivity. For example, milk 
yield was negatively related to CH4-E (CH4 energy output)/GE intake and CH4/milk yield (Eq. 
[5] and [6]). These relationships indicate a reduction rate of 0.00056 in CH4-E/GE intake or 
0.977 litre in CH4 emission with each increase of one kg milk yield. The relationship between 
CH4/milk yield and milk yield fitted better in a curvilinear rather than linear function (Eq. [7] vs. 
[6]). Therefore, using high yielding cows, rather than low yielding cows, would reduce total CH4 
emission for a given milk production quota. Similarly, CH4-E/GE intake was negatively related 
to feeding level (AFRC, 1993) and feed intake (DM, GE and DE) (Eq. [1] to [4]). The CH4-E/GE 
intake was calculated from Eq. [1] to be 0.084 at maintenance feeding level, reduced by 0.0059 
with each increase of one level of feeding above maintenance. Manipulation of forage and 
concentrate proportions in the total diet is another effective approach to reduce CH4 emission in 
dairy cows. The present study demonstrated that an increase in silage proportion or fibre (ADF 
or NDF) concentration in total diets could increase CH4-E/GE intake (Eq. [8] to [10]). The 
feeding of silage diets promotes rumen fermentations characterised by high levels of acetic acid 
and the production of acetic acid is associated with release of free hydrogen, which is then used 
for CH4 synthesis in the rumen. The third approach to reduce CH4 emission in dairy cows is to 
increase diet quality. An increase in dietary CP, ME concentration or ME/GE within normal 
nutritional strategies could reduce CH4-E/GE intake (Eq. [11] to [13]), although there is a 
positive relationship between CH4-E/GE intake and DE/GE (Eq. [14]). However, caution should 
be taken when manipulating dietary CP concentration to reduce CH4 emissions, as an increase in 
dietary CP concentration also increases manure N output in dairy cattle.  
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Conclusions A range of animal and nutritional approaches have been developed to reduce CH4 
emission from dairy cows. Methane energy output as a proportion of GE intake can be reduced 
with high yielding cows, high quality feeds and high concentrate diets. 
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High proportions of high-quality grass silage in diets for dairy cows–how do 
they affect enteric methane emissions? 
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Introduction High-quality grass silage is the most commonly used forage in Swedish dairy 
production. It is generally accepted that forage-based diets in general have a larger impact on the 
methane (CH4) production in ruminants than concentrate-based diets, due to a larger proportion of 
acetic acid produced from degraded plant cell walls in the rumen. However, a high proportion of 
concentrate in diets for dairy cows could be both negative for animal health and expensive for the 
farmer. In addition, the Swedish consumers’ interest in organic products is increasing and the 
regulations for the Swedish organic dairy production stipulate that the forage proportion in the 
diet should be at least 60% of daily dry matter intake (DMI). The objective of the study was to 
compare the effect of 3 diets, , a conventional, an organic and an “organic-high” diet based on 
high-quality grass silage, on enteric CH4 yield.  
 
Materials and Methods The experiment was performed as a 3×3 Latin square design on 6 
lactating rumen-cannulated Swedish Red dairy cows with a live weight of 630 ± 105 kg. At the 
start of the trial the cows were 202 ± 38 days in milk (DIM) with a milk yield of 23.2 ± 5.1 kg 
Energy Corrected Milk (ECM)/day. During the experiment the cows were tied up in individual 
stalls indoors. The grass-silage was based on timothy (Phleum pratense L.) and meadow fescue 
(Festuca pratensis L.) and no additives were used in the silage making process. Chemical 
composition of the silage (DM basis) was: metabolizable energy (ME) 11.5 MJ/kg, crude protein 
(CP) 19.5%, neutral detergent fiber (NDF) 40.5%, acid detergent fiber (ADF) 24.0% and DM 
35%. The diets were on DM basis: Low forage 50% (L), Medium forage 70% (M) and High 
forage 90% (H). Total NDF content in the diets was 30.1, 34.3 and 38.4% respectively. The trial-
periods included 20 days of adaptation to the diet and 5 days of enteric methane measurements. 
CH4 was measured by the sulfur hexafluoride (SF6) tracer technique (Johnson et al., 1994). 
Samples of rumen fluid were collected during the measurement period to investigate the relation 
between CH4 yield and production of volatile fatty acids (VFA). 
 
Results and Discussion The absolute values of methane production did not significantly differ 
between diets, neither did CH4 yield/kg of DMI, CH4 yield/kg of ECM, total VFA, proportions of 
acetic acid, propionic acid or the ratio (acetic acid + butyric acid)/propionic acid (Table 1). The 
increased proportion of butyric acid with increased proportion of concentrate in the diet maybe 
explained by an increased number of protozoa, as shown by Jaakkola and Huhtanen (1993).  
 
Conclusions The results indicate that high proportions of daily DMI of high-quality grass silage 
in the diet to dairy cows do not differ significantly in methane yield from a diet consisting of 50% 
high-quality grass silage.   
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Table 1. Intake, milk yield, methane emissions and VFA in rumen fluid in dairy cows fed 
different proportions of high-quality silage 
 Diet1   
Item L M H SED2 P < 
DMI, kg/d 15.2a 15.5b 15.9c 0.04 0.0002 
ECM, kg/d 23.7a 22.7ab 21.8b 0.19 0.02 
CH4       
   g/d 279 300 317 27.8 0.46 
   g/kg of DMI 18.5 20.0 20.3 1.66 0.57 
   g/kg of ECM 11.8 13.8 15.7 1.60 0.25 
Rumen fluid      
   Total VFA (mM) 121.1 121.8 120.5 2.48 0.87 
   Acetic acid  (mol/ml VFA) 58.2 59.1 58.9 0.84 0.58 
   Propionic acid (mol/ml VFA) 22.6 22.9 23.6 0.47 0.08 
   Butyric acid (mol/ml VFA) 11.9a 10.7b 10.0c 0.26 0.0001 
   (Acetate + butyrate)/propionate 3.19 3.11 3.02 0.07 0.07 
   pH 6.08a 6.15a 6.26b 0.07 0.0001 
a-c Within a row, different superscripts differ (P ≤ 0.05) 
1Diets: L = low forage 50%; M = medium forage 70% H = high forage 90% 
2SED = standard error of difference 
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Introduction In Germany, there have been occasional reports on reduced feed intake/refusal 
and decline in milk yield by dairy cows offered maize silage with atypical smell, which showed 
no signs of fungal deterioration.  Availability of scientific data on this topic is very limited; only 
Kriszan et al. (2007) studied the effects of volatile compounds in grass silage on feed intake. 
Therefore, this study aimed at analysing volatile compounds qualitatively and quantitatively as 
well as at elucidating factors which favour their production in maize silage. 
 
Materials and Methods Firstly, 10 atypically smelling commercial maize silages were screened 
for fermentation pattern and subsequently submitted to GC-MS and special GC analysis, 
respectively, to determine novel volatile compounds (see table 2). Secondly, a multi-factorial 
laboratory ensiling trial was carried out with forage maize (310 g DM/kg) to study the effects of 
ensiling conditions (Table 1) on fermentation pattern, yeast numbers and formation of numerous 
novel volatile compounds. Chemical and biological silage additives were used in order to alter 
fermentation pattern of silages. Data were submitted to AnovaF test for statistical analysis. 
 
Table 1. Experimental design (three replicates per treatment) 

Sealing Air ingress Storage length Storage temperature Additive treatments 
  (once a  week) (days) 20°C 35°C No Chemical A Chemical B 
immediately No  97 X  X X X 
 Yes  141 X X X X X 
delayed for No  101 X  X X X 
16 hrs Yes  134 X X X X X 

N = 54; additionally 6 silages with biological inoculants N total = 60 
 
Results and Discussion In addition to high contents of lactic acid (LA), acetic acid (AA) and 
ethanol, particularly methanol, propanol, 2-butanol and ethyl acetate (EA) or ethyl lactate (EL) 
were found (Table 2). Correlation between ester concentration and ethanol was higher than that 
between esters and their respective acids, AA and LA (Figure 1). Delayed sealing, air ingress 
and increased temperature (35°C) during storage resulted in reduced contents of LA, ethanol and 
the esters EA and EL and also caused pronounced differences in concentrations of other esters, 
2-butanol, methanol and propanol. A relationship between yeasts (the most likely producers of 
ethanol) at the end of storage period and the occurrence of ethyl esters could not be established. 
 
Conclusions Ensiling conditions and silage additive use strongly affected the concentrations of 
fermentation acids and ethanol. Particularly silages with markedly increased ethanol content 
were shown also to contain significant concentrations of other volatile organic substances. It may 
be concluded from the results of this study that composition of total volatiles and concentration 
of each individual substance cause atypical smell and its intensity in maize silages.  
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Table 2. Concentrations of fermentation products in maize silages  
Fermentation product Screening (n=7) Ensiling trial (n=60) 
     min max min max 
Lactic acid, g/kg DM       11.3          78.9           6.9            74.8 
Acetic acid, g/kg DM         7.3          48.7           5.8            79.4 
Propionic acid, g/kg DM    <0.1          10.3         <0.1            11.2 
Ethanol, g/kg DM         2.5          64.0           0.9            36.8 
Methanol, mg/kg DM     114        480       164       1,030 
Propanol, mg/kg DM       39   19,096         14       3,835 
Butanol mg/kg DM       <3            8         <3              9 
iso-Butanol, mg/kg DM       <3          23         <3            20 
2-Butanol, mg/kg DM       12     1,165       104       1,314 
Allyl alcohol, mg/kg DM       <4          <4         <4            28 
2-Methylbutanol, mg/kg DM       <3          10         <3            10 
3-Methylbutanol, mg/kg DM       <3          36         <3            73 
Hexanol, mg/kg DM       <3          11         <3            21 
2-Phenylethanol, mg/kg DM       <4          <4         <4            44 
1,2-Propanediol, mg/kg DM       <5     6,490         <5     13,630 
Methyl acetate, mg/kg DM       <3          27           7          154 
Ethyl acetate, mg/kg DM       17        789         12          284 
Propyl acetate, mg/kg DM       n.a.         n.a.         <5          379 
Ethyl lactate, mg/kg DM       52     1,263         16          379 
Propyl lactate, mg/kg DM       n.a.         n.a.           9            77 

pentanol, phenylmethanol below limit of detection of 5 mg/kg DM;  n.a = not analysed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Correlation between esters, their respective acids (acetic acid, lactic acid) and ethanol 
(n=67) 
 

y = 0,0955x + 87,894
R2 = 0,0001

0

200

400

600

800

0 20 40 60 80
Acetic acid, g/ kg DM

EA
, m

g/
 k

g 
D

M

y = 7,675x + 6,7149
R2 = 0,5289

0

200

400

600

800

0 20 40 60 80
Ethanol, g/ kg DM

EA
, m

g/
kg

 D
M

y = 4,5762x - 23,154
R2 = 0,2482

0

200

400

600

800

0 20 40 60 80
Lactic acid, g/ kg DM

EL
, m

g/
kg

 D
M

y = 13,421x + 21,787
R2 = 0,7875

0

200

400

600

800

0 20 40 60 80
Ethanol, g/ kg DM

EL
, m

g/
kg

 D
M

Ethyl acetate (EA)

Ethyl lactate (EL)



 

XVth International Silage Conference Proceedings 35 

 
 
 

 
 
 

Session 2  
10:30 a.m. Monday, July 27 

 

 
Silage Additives 



 

July 27-29, 2009 – Madison, Wisconsin, USA 36 

 
 
 
 
 
 
 
 
 
 
 
 
 

This page left blank intentionally. 
 



 

XVth International Silage Conference Proceedings 37 

Potential factors that may limit the effectiveness  
of silage additives 
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Email: lksilage@udel.edu 

 
INTRODUCTION 

Various microorganisms, enzymes, nutritive and chemical compounds have been added 
to forages to maintain or improve the nutritive value of a crop as silage (Kung et al., 2003). As is 
the nature of most biological systems, there is considerable variation in the outcome of using 
these additives. This paper will briefly discuss some universal and specific challenges that these 
additives face in order for them to be effective. 

 
CHALLENGES SPECIFIC TO MICROBIAL INOCULANTS 

The viability of microbial inoculants at the time of use has been the topic of many past 
discussions and could be a reason why inoculants are not always effective in silages. Exposure to 
excessive heat and/or moisture and general stability in their containers prior to mixing can be a 
concern if products are mishandled at various steps between manufacturing and use. For example, 
it is not uncommon to find half-open bottles or bags of inoculants sitting in barns on farms. Care 
should be taken on farm to ensure that microbial inoculants are stored to protect their viability. 
Moisture and oxygen scavengers are used by some, but not all, manufacturers. Even inoculants 
that are stored frozen may be compromised if they undergo repeated freeze-thaw cycles. 

Variable results in the field from silage inoculants may certainly be due to the fact that 
factors such as environmental conditions, agronomic practices, and harvest conditions may 
increase the numbers and/or change the distribution of epiphytic microbes thus affecting the 
fermentation process. For example, Kim and Adesogan (2006) showed that the fermentation of 
maize silage was adversely affected by wet conditions at harvest and high ensiling temperatures. 
Mills and Kung (2002) reported marked increases in the number of yeasts and molds in chopped 
barley forage that had been exposed to air in a forage wagon for 24 h prior to silo filling. 
Microorganisms added to forages must be able to compete with the epiphytic microflora. As an 
illustration of this concept, Contreras-Govea et al. (2008) concluded that Streptococcus bovis 
strain HC5 was not as effective as S. bovis JB1 as a potential silage inoculant probably because 
its growth rate was 10% slower than the latter. Propionibacteria have the capacity to convert 
lactic acid and glucose to acetic and propionic acids, which both have good antifungal 
characteristics. In theory, adding these microbes to silage should result in an improvement in 
aerobic stability. However, under most practical conditions, added propionibacteria cannot 
compete in the hostile environment of a silo because they are strict anaerobes and are relatively 
intolerant of low pH values (Filya et al., 2006, Weinberg et al., 1995). 

The environmental temperature at ensiling may also affect the resulting silage 
fermentation, and temperatures reached in the silo may affect the efficacy of a silage inoculant. 
Whereas homofermentative lactobacilli grow optimally at 30 to 35°C, Pediococcus and some 
heterofermentative bacteria tend to be more thermotolerant and prefer temperatures of 40 to 
45°C (Woolford, 1984). Anecdotal reports from some areas in the US (e.g., Texas, California 
and Florida), suggest that it is difficult to make good silage under extremely hot and humid 
conditions. In contrast, reports of forages harvested under very cool ambient temperatures and 
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apparently not fermenting are common from the Upper Midwestern section of the US (personal 
communications). Thus, cold and heat tolerance for strains of lactic acid bacteria (LAB) used as 
inoculants may be important under conditions of extreme temperatures. 

Numbers of LAB on forages vary considerably, but in general they number around 105 
colony forming units (cfu)/g of wet forage (Torriani et al., 1992; Cai et al., 1999). Based on these 
numbers, bacterial inoculants should supply at least 100,000 (1 × 105) cfu of homolactic acid 
bacteria/g wet forage in order to dominate the fermentation (Pitt, 1990). Pahlow (1991) 
suggested that a two-fold increase in numbers of homolactic acid bacteria was required to 
consistently observe a positive response to inoculation. However, using modeling techniques, 
Pitt and Leibensperger (1987) suggested that a 10-fold increase over existing LAB populations 
was required in order for an added strain of homolactic acid bacteria to be competitive in the 
ensiling process.   In North America and Europe, most traditional silage inoculants are added to 
achieve a final count of 1 × 105 cfu of homolactic acid bacteria/g forage although there are some 
products sold with higher counts. Products with higher counts may actually be useful because 
they can improve the chances that an adequate number of organisms are delivered to the crop 
especially in cases where accurate application rates are an issue (see later discussion on 
application and distribution). 

Once mixed in water, silage inoculants must remain viable for the intended period of use. 
Research conducted by Ecosyl Ltd (personal communication) showed their strain of L. 
plantarum (MTD/1) was affected by very high levels (worse case scenarios) of chlorine (250 
ppm) and hydrogen peroxide (50-100 ppm) when mixed in water for an application rate of about 
2 L/tonne. However, viability was unaffected by those levels when the organism was mixed into 
water to be used at a low volume rate of about 0.045 L/tonne suggesting that there was a 
protective effect when the concentration of the organism was high. Muck (1992) conducted a 
study on the effect of chlorinated water on the viability of several microbial inoculants. Although 
inoculants responded differently depending on the organism tested, he concluded that in the field, 
the viability of most inoculants would be fine if the chlorine level in the water used was below 
0.5 ppm. Thus, water that has been treated with hydrogen peroxide or chlorinated should be 
monitored to ensure that toxic levels are not present when used. Recently, we highlighted the fact 
that the high temperatures of water in inoculant tanks could negatively affect the viability of 
many inoculants. Our data suggests that water in inoculant tanks should be kept below 35°C to 
prevent cell death (Mulrooney and Kung, 2008). Temperatures in inoculant tanks have been 
reported in excess of 45°C (personal communication). Placement of tanks near motors or 
exhausts and intense solar radiation in areas where ambient temperatures are in excess of 39-
42°C may be the causes of this finding. In these situations, placement of tanks to minimize heat 
from machinery, use of icepacks, and insulating tanks may be warranted. Most manufacturers 
recommend that liquid-based inoculants be used within a 48 h period. Although some have 
questioned the viability of added LAB when using pressure applicators, the pressure in used in 
applicator systems is probably too low to affect them. 

Although “grow up” or “overnight” cultures of silage inoculants are not as popular as 
products that can be used on demand, proper growing conditions (for example, substrate, time 
and temperature) are crucial for their populations to reach a critical mass prior to use. In our 
limited experience, we have observed that incubation at the recommended temperature for longer 
than recommended times has actually reduced the number of organisms in the tank. Prolonged 
storage of the grown up culture past recommended times could also compromise their 
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effectiveness. Methods should be developed such that end users can monitor the numbers of 
organisms in the tank in a quick manner.  

Because the majority of silage inoculants are lactic acid bacteria, these organisms are 
dependent on adequate amounts of fermentable water-soluble carbohydrates for growth. Low 
concentrations of fermentable sugars can be a problem in forage crops that have undergone 
excessive respiration because of long wilting times, because of cloudy weather and/or because 
they were rained on. Thus, even high levels of inoculation may be futile if there is a lack of 
substrate. Schmidt et al. (2005) showed that the addition of microbial inoculants added to annual 
ryegrass could not prevent a clostridial fermentation in forage that had been chopped but not 
packed in a silo until 10 h later because there was a 54% decrease in water-soluble carbohydrates 
during the delayed filling. This was true even when the inoculants were added to the forage at the 
time of chopping and before the delayed fill period. 

Phages are viruses that can infect bacteria and represent one of the main causes of 
fermentation failure in the dairy foods industry (Mäyrä-MäKinen and Bigret, 1993). The 
possibility that epiphytic phages occur in silages has been documented. Tanaka et al. (1995) 
reported that 25% of 77 samples of silages studied contained phages, and many of them were 
infectious to L. plantarum. Kaneshige et al. (1994) showed that phage activity was responsible 
for failed fermentations in Italian ryegrass. Addition of L. buchneri did not improve aerobic 
stability in 2 of 5 locations in a study by Schmidt et al. (2007). Phage activity against L. buchneri 
was not detected in that study suggesting that some other mechanism was responsible for this 
finding. Selection of L. plantarum resistant to phage infection (Eguchi et al., 2000) or identifying 
methods to reduce phage infection of lactobacilli maybe useful in the future. 

Quorum sensing is the regulation of gene expression in response to changes in the density 
of cell populations (Miller and Bassler, 2001). Interactions between microbes in silages via 
quorum sensing mechanisms has not been studied to my knowledge, and there is obviously 
potential for quorum sensing to control some aspects of silage fermentation especially because 
there are major changes in populations of organisms during the fermentation process. Related to 
this is the fact that production of bacteriocins is controlled by quorum sensing. Bacteriocins, 
proteinaceous toxins produced by bacteria that affect other bacteria, from LAB have been studied 
in hopes of controlling undesirable organisms such as clostridia and listeria (De Vuyst and Leroy, 
2007). Specifically for silages, Flythe and Russell (2004) showed that a bacteriocin (bovicin 
HC5) from Streptococcus bovis HC5 could inhibit the activity of Clostridium sporogenes MD1. 
Marcinakova and Laukova (2004) reported that Enterococcus faecium EF9296 produced a 
bacteriocin-like substance against gram-positive enterococci and Listeria monocytogenes. 
However, bacteriocins from LAB may also have inhibitory activity against other LAB (Settanni 
et al., 2005). Thus, it is likely that epiphytic microbes in silages may produce bacteriocins that 
could negatively affect the efficacy of microbial silage inoculants. 

Silage inoculants must produce their desired end product(s) (e.g. lactic acid for classical 
homolactic lactic acid bacteria or acetic acid for L. buchneri) in sufficient quantities to affect 
specific epiphytic microbial populations. Ensuring that this happens in the silo may be very 
difficult at times. For example, although S. bovis HC5 produces a bacteriocin capable of 
inhibiting Listeria, the cell free bacteriocin probably is susceptible to breakdown by peptidases in 
silage (Contreras-Govea et al., 2008). Nsereko et al. (2008) developed a strain of L. buchneri 
capable of producing ferulic acid esterase, which when used as a silage inoculant has the 
potential to improve fiber digestion in silages. However, digestion of NDF has not been 
consistently improved in several studies (Kang et al., 2009; Hofherr et al, 2008). Insufficient 
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production of ferulic acid esterase under various conditions or instability of the enzyme in the 
silage mass could be a reason for this finding. 

All microorganisms must also have sufficient amounts of water activity for growth. In 
heavily wilted and/or extremely dry forages (>450 to 500 g DM/kg), silage fermentation is 
partially curtailed because of a lack of metabolic moisture for growth of lactobacilli. For 
example, in grass silage, only 10% of the total epiphytic LAB grew when the DM concentration 
was greater than 450 g/kg (Pahlow and Weissbach, 1996). Thus, liquid inoculants may be more 
advantageous since bacteria are added with their own moisture to hasten their rehydration and 
growth. Wardynski et al. (1993) reported that treating high moisture maize (about 700 g DM/kg) 
with a reconstituted liquid inoculant was more effective than using a dry inoculant in improving 
the subsequent fermentation. Addition of bacteria in water was more effective than a dry 
application of the same bacteria in lowering the pH of wilted (450 g DM/kg) grass silage 
(Pahlow and Weissbach, 1999) and wilted (550 g DM/kg) alfalfa silage (Whiter and Kung, 2001). 

Targeting of the specific population of one type of detrimental epiphytic microbes makes 
the assumption that there are no other alternate routes for initiating the targeted effect. For 
example, addition of L. buchneri decreases the number of spoilage yeasts in silages because of 
moderate increases in acetic acid and therefore improves aerobic stability. However, aerobic 
stability could be initiated by Acetobacter rather than yeasts, as they would most likely be 
immune to the acetic acid. Failure of inoculants designed to improve aerobic stability via the 
inhibition of yeasts in some trials could be due to this reason. 

Although a number of factors have been discussed that may explain why inoculants are 
not always effective, it is important to note that not all inoculants necessarily react the same to a 
given stressor. For example, the magnitude of the negative effect of chlorine differed depending 
on the organism tested (Muck, 1992). Similarly, we reported that inoculants faired differently to 
stress because the ability to withstand elevated temperatures in water varied depending on the 
specific inoculant tested (Mulrooney and Kung, 2008). The ability of specific bacterial strains to 
withstand a multitude of stressors can be a key determinant for a successful inoculant. 
 
CHALLENGES FACING OTHER SILAGE ADDITIVES 

A variety of chemical additives have been added to silages. Additives such as sulfuric 
acid and unbuffered propionic acid are seldom used today because of their caustic nature. 
However, formic acid is still used in some areas. Chemicals such as buffered propionic acid, 
acetic acid, potassium sorbate and sodium benzoate have been added to silage to improve aerobic 
stability because they have good antifungal attributes. A major factor that could affect their 
efficacy on forage crops is pH because these acids are more effective when the pH is below their 
pKa values and they are mostly undissociated. Thus, higher levels of these acids are required in 
high DM silage because lack of moisture limits the activity of LAB and the subsequent decline in 
pH. Another factor that could potentially affect the effectiveness of weak organic acids is the fact 
that several types of spoilage yeasts (e.g., Issatchenkia orientalis [Candida krusei] and Pichia 
membranifaciens) (Pitt and Hocking, 1997) and molds (e.g. Aspergillus niger [Plumridge et al., 
2008] and Penicillium [Marth et al., 1966]) can be resistant to acid preservatives via degradation 
pathways (Casas et al., 2004) and expulsion mechanisms. In an unpublished study from our 
group (Neylon and Kung, 2000), the addition of buffered propionic acid was verified in freshly 
chopped maize, but it was not detectable in the ensiled product suggesting that degradation of 
this acid is also possible during the ensiling process. Addition of propionic acid can also not 
overcome the fact that fermentable sugars are still needed in order for LAB to lower the pH and 
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stabilize silages. Mills and Kung (2002) and Schmidt et al. (2004) both reported that propionic 
acid-based additives could not overcome the effects of delayed filling (severe loss of fermentable 
sugars) and treated silages underwent clostridial fermentations. 

Fibrolytic enzymes are a component of many silage additives. Inconsistent results from 
fibrolytic enzymes may be attributed to various factors. A negative interaction between fibrolytic 
enzymes and inoculant bacteria was observed by Stokes (1992). Enzyme application to mixed 
grass-legume silage at 280 to 300 g DM/kg improved silage fermentation, reduced forage fiber, 
and improved lactation performance, but combination with a LAB inoculant negated enzyme 
effects on fermentation and reduced the extent of fiber reduction. In contrast, inclusion of the 
same commercial inoculant in a similar enzyme mixture had positive effects on silage 
fermentation of second and third cut alfalfa ensiled at 530 and 405 g DM/kg (Bolsen et al., 1989). 
Additionally, Cai and Ohmono (1995) reported that improvements in silage quality were greater 
for an LAB + enzyme combination > LAB alone > enzymes alone when compared to untreated 
silage. A significant reduction of forage cell-wall fiber by an enzyme silage additive clearly 
requires the presence of the synergistic activities of multiple enzymes in the cellulase and 
hemicellulase enzyme complexes. Lack of, or lower levels of, one or more of the critical 
enzymes in the complexes could account for the poor effectiveness of some enzyme 
combinations in modifying silage composition or fermentation. Added enzymes could also be 
partially degraded by plant proteases that are released during chopping or inactivated by 
components in silage as Nsereko et al. (2000) reported that silage extracts partially inhibited a 
variety of exogenous enzymes. 

Environmental factors may also affect the efficacy of enzymes as silage additives. If 
enzymes release fermentable substrate for use by LAB, they must be active early in the ensiling 
process at higher pH (5.5 to 6.4) and at lower temperatures than will occur later. These 
conditions may be considerably different from the enzyme’s pH and temperature optima (pH 4.5 
and 50°C for fungal cellulases). Enzymes require binding with their substrates. Such binding is 
temperature related and could be an important factor in application of silage enzyme additives to 
crops harvested later in the season, such as maize silage, particularly in northern latitudes. The 
temperature optima of fibrolytic enzymes from Trichoderma reesei are approximately 50°C, and 
activity was reduced by more than 70% at 26°C and more than 90% at 10°C (Sheperd and Kung, 
1996). Few studies have actually tested the effect of temperature on the efficacy of enzymes on 
silage fermentation. The fermentation pattern of clover and ryegrass silages treated with both 
formic acid and a cellulase from T. viride (Henderson et al., 1982) was not affected by 
fermentation temperature (0, 15, 35, or 50°C). Wilting (Jacobs et al., 1991; Kung et al., 1991) 
may cause a reduction in enzyme activity because of reduced water activity at higher DM.  
Beuvink and Spoelstra (1994) reported that wilting up to 300 g DM/kg had no effect on gas 
production from grass silage treated with fibrolytic enzymes when compared to untreated silage, 
but wilting up to 488 g DM/kg increased the initial lag phase and lowered the rate and extent of 
gas production in treated silage. In addition, advancing maturity has reduced the effect of 
enzymes on silage fermentation and/or degradation of fiber (Adogla-Bessa and Owen, 1995; 
Nadaeu et al., 2000; Sheperd and Kung, 1996) possibly because increased lignification of the cell 
wall makes it more resistant to attack by enzymes. Increasing the surface area of the forage for 
attack may increase enzyme accessibility to substrate. Application of a cellulase preparation 
from T. viride to grass, alfalfa, or clover, which was coarsely chopped, finely chopped, or 
minced before ensiling, showed that the enzyme reduced silage pH and cellulose and increased 
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the gain in water-soluble carbohydrate concentration more in finely ground forages (Henderson 
et al., 1982). 
 
CALIBRATION OF APPLICATORS AND DISTRIBUTION OF SILAGE ADDITIVES 

Proper calibration of applicators and distribution of all additives onto the forage mass is a 
critical part of using a silage additive. This is especially true with the advent of low water 
volume applications for inoculants that may result in only 30 to 60 ml of liquid applied per tonne 
of forage. Distribution of an additive is probably less than optimal when the “shower” method 
(e.g., a forage wagon drives under a scale and a set amount of liquid is showered on the top of 
the load) or “manual spread” method (e.g., a person dips a small can into the source of inoculant 
and attempts to spread this over a large load) is used. In the early 1980s misapplication 
commonly occurred with the use of anhydrous ammonia. Although under treatment of an 
additive is of primary concern because of lack of effectiveness, over treatment is also an issue 
because of cost and the potential of over treatment to have detrimental effects depending on the 
additive. I can remember specific maize silage samples that were supposed to have been treated 
with anhydrous ammonia, but the chemical analysis showed almost zero recovery of added 
nitrogen primarily because of poor placement of the actual treatment. In contrast I can also 
remember specific analyses showing maize samples treated with anhydrous ammonia with 
nitrogen contents over 2.7% N (DM basis) because of over treatment. Lastly, purposely applying 
less than the recommended rates of application to save money is a dubious practice because it 
only increases the probability that the additive will not be successful.  

 
INTERACTIONS WITH OTHER AREAS OF SILAGE MANAGEMENT 

As noted earlier, the success of any silage additive could certainly be affected by harvest, 
storage, and feeding conditions. For example at harvest, slow packing rates, poor packing 
densities, delayed fills and inadequate sealing of silos could all potentially affect the efficacy of a 
silage additive. Challenges during silo filling could be detrimental to an inoculant because the 
upper layers of forage will remain poorly packed during the evening hours if filling is stopped. 
This can result in excessive respiration and high temperatures in the forage mass in those layers. 
During storage there is an increased chance of damage to plastic coverings with prolonged 
storage from a variety of issues such as weather and critter-related damage. Even the best silage 
additives would have a difficult challenge when used in a bunker or pile silo that was never 
covered with plastic. During silage feed out, low removal rates of silage, disruption of the 
feeding faces that allows air to penetrate into the silage mass, and extremely hot weather will 
challenge any silage additive. Faces of bunker, pile and bag silos will be more challenged during 
the hot summer months if they face the afternoon sun. 
 
CONCLUSIONS 

When used correctly, various additives can help farmers maintain and sometimes 
improve the quality of their silages. However, a variety of factors can interact and affect the 
efficacy of a silage additive. Additives must be stored and applied properly to maximize their 
potential effectiveness. End users must realize that silage additives are not an alternative to good 
silage management practices. 
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Introduction When a silo is opened for feeding and the silo face is poorly managed, yeasts and other 
fungi develop and cause heating. Meanwhile bacterial and fungal deterioration occurs with the risk of 
mycotoxin production. Organic acids have been used extensively as forage and grain preservatives 
(Kung et al., 2003). Nowadays, heterofermentative lactic acid bacteria like L. buchneri are very 
popular since they have proven their efficacy to  increase the stability of silage (Holzer et al., 2003; 
Driehuis et al., 1999). Today, different commercial products with a different composition and  mode 
of action are on the market and farmers need to be informed about their effectiveness.  For this, a 
comparative experiment was conducted, enhanced from the farmers and supported by the Flemish 
Authority and the participating companies.  
 
Materials and Methods A laboratory experiment with whole crop corn (cultivar PR39A98, 33.94% 
DM, density 200 kg/m3) was set up. Six commercial additives were compared with an untreated 
control (CHD, high density), a low density control (CLD, 160 kg DM/m3) and two positive controls 
(a strain of L. buchneri  (CLaB >1.1011 CFU/g, 1g/ton) and propionic  acid (PA, 4.5 l/ton FW) 
respectively)). The commercial additives were: 2 chemical additives developed  for top layer 
treatment (30-50cm) (granulates: Eurosil maize® (calcium formiate: 50%, sodium benzoate: 30%, 
sodium choride : 20%; 3kg/ton; Groupe Roullier) and Eurosil 70®  (sodium bisulphate: 70%, sodium 
sulphate: 15%, molassed kaolin (China clay): 15%; 3.5 kg/ton; Groupe Roullier)  and  4  microbial 
silage inoculants for treatment of the whole silo (EM Silage® , Eurosil aprilis pro®, Lalsil Fresh®, Sil-
All 4x4®). Their characteristics are given in Table 1. Per treatment, 6 airtight (with CO2 valve) 
micro-silos with a content of 2.75 l were ensiled. The soluble products were diluted and applied in a 
ratio of 100 ml per 10 kg of fresh maize, the granulates and the control objects were treated with an 
equal amount of sterile distilled water. 
Table 1  Composition, dose and count of the used commercial inoculants  
Inoculant Composition Dose Count*(CFU/g) 
EM Silage® 
(EM Agriton ) 

L. plantarum   105 CFU/g ,  L. casei    104 CFU/g, 
Saccharomyces cerevisiae 80 ml/ton LAB: 1.05 107 

Eurosil  
aprilis pro® 
(Groupe Roullier) 

L. plantarum  3.6 1010 CFU/g , P. acidilacti    1.5 1010 CFU/g, 
Propionibacterium acidipropionici  1.5 1010 CFU/g 

3.75 g/ton LAB: 8.10 1010 
Lalsil Fresh® 
(Lallemand SAS) 

L. buchneri   >6.1010 CFU/g 5 g/ton 
LAB: 2.40 1010 

Sil-All 4x4® 
(Alltech) 

L. plantarum,  Enterococcus faecium, P. acidilacti, L. 
salivarius  total: min. 1011 CFU/g 10 g/ton LAB: 7.70 109 

*LAB: Lactic Acid Bacteria was counted at the start of the experiment, for CLaB 1.2 1011 CFU/g was found 
All micro-silos were subjected to aerobic stress on day 44 and desiled on day 62. At desiling, 
samples were taken for analysis and aerobic stability was determined following the Honig protocol 
(Honig, 1985). Two recipients of 1 l were filled per micro-silo with the equivalent of 100 g DM and 
placed in isolating containers allowing gas-exchange during 7 days. Temperature was registered 
(every 30’) to be able to calculate the aerobic stability defined as the number of hours the 
temperature stays under 3°C above room temperature (20°C). At the beginning and at the end of the 
7 days, weight and DM-content was determined. The data were statistically analysed by SAS. 
Normality was tested by Kolmogorov-Smirnov. Normally distributed variables (N) were analysed by 
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one-way ANOVA with Tukey as post hoc test; not normally distributed (nN) variables were analysed 
with the nonparametric one-way ANOVA test of Wilcoxon.  
 
Results and Discussion There were significant but small differences in dry matter content between 
treatments. The pH of Eurosil maize® was significantly higher than that of the other treatments. The 
ammonia-fraction was low for all treatments, only CPA had a significant lower content. Eurosil 
maize® and Eurosil 70® showed a small tendency towards a lower lactic acid content than the other 
treatments. Acetic acid concentration was significantly lower for CPA and Eurosil 70® compared to 
the other treatments. For butyric acid and propionic acid, concentrations were too low to draw any 
conclusions. 
Table 2. Effect of additive on aerobic stability 
     (% )DM  (%) Log10 

CFU/gFW 
Objects DM(%)1 pH AMF2 LA3 AC4 AS (h,’min)5 DOM6 DML7 Y8 F9 
CHD 32.84abc 3.71 4.11a 0.50 0.18 45h25' + 4h17' 71.60 5.87ab 5.71b 3.63

CLD 32.63bc 3.78 3.86a 0.50 0.18 35h17' + 8h06' 70.64 5.70abc 7.92a 5.92

CPA 32.45cd 3.73 2.69b 0.50 0.11 50h21' + 3h42' 70.31 6.05a 5.20bc 2.62

Inoculants 
(whole silage) 

          

CLaB 33.14a 3.79 3.88a 0.52 0.18 66h26' + 16h 71.01 4.00bcd 4.24bc 2.93
Lalsil Fresh® 32.96ab 3.76 3.97a 0.53 0.18 69h53' + 9h49' 70.90 3.83cd 3.85bc 2.70
EM Silage® 33.09a 3.76 4.01a 0.53 0.19 61h23' + 4h34' 70.28 4.93abc 4.21bc 2.86
Sil-All 4x4® 32.85abc 3.75 3.64a 0.55 0.19 59h35' + 6h 70.17 5.41abc 4.32bc 3.48

Eurosil apr.pro® 32.63bc 3.78 3.83a 0.51 0.18 51h38' + 13h17' 70.06 5.42abc 5.07bc 3.46

Chemical-based 
additives(top layer) 

         

Eurosil maize® 32.20d 3.87 3.91a 0.49 0.18 96h54' + 40h58' 67.31 2.79d 3.50c 2.68

Eurosil 70® 32.97ab 3.71 3.88a 0.48 0.15 59h19' + 9h25' 70.63 4.79abc 5.07bc 2.74

Distribution             
significance  

N        
*** 

nN   
*** 

N 
*** 

nN   
*** 

nN   
*** 

nN              
*** 

nN      
*** 

N        
*** 

N      
*** 

nN   
*** 

1Dry Matter (% of FW),  2 NH3-N/total nitrogen (%),  3Lactic Acid, 4 Acetic Acid, 5 Aerobic stability (Honig protocol) given  in hours and minutes 
+ st.dev. until  temperature rose 3°C above ambient temperature, 6Digestibility of the Organic Matter (%)-calibration De Boever,  7 Dry matter loss 
during Honig (7 days),  8Yeast, 9Fungi;  a,b,c,d , In case of Normal distribution : means in the same column with different superscripts differ 
significantly  

The inoculants Lalsil Fresh® Sil-All 4x4®, EM Silage® and CLaB had a significantly higher aerobic 
stability compared to CHD. Although the highest aerobic stability score was noted for Eurosil maize®, 
there was no significant difference with CHD due to more variation (high standard deviations). 
Eurosil maize® and Lalsil Fresh® showed significantly lower dry matter losses than CHD. All silage 
additives, except CPA and Eurosil aprilis pro®, had a significantly lower yeast count than the control 
(CHD) (32.5 times less or log10 of 4.2 versus 5.71). Several additives gave a lower number of fungi 
(not significant). The silos treated with Eurosil maize®  had in general a higher crude fibre content 
(23.39% compared to values varying from 21.01 to 22.18% (onDM) for the other treatments,. So, it 
was not surprising that the digestibility of the organic matter was significantly lower for Eurosil maize. 
No logical explanation could be found for this observation  Overall,  differences in efficacy  of 
inoculants could be observed with a strong efficacy for Lalsil Fresh® followed by EM Silage®  and 
Sil-All 4x4®. Especially Eurosil maize® proved its efficacy as a top layer treatment. 
References on request 
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Efficacy of inoculation on the fermentation quality and aerobic deterioration 
of maize silage 
J. Jatkauskas1, V. Vrotniakiene1 and Ch. Ohlsson2 
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Introduction Classical microbial inoculants containing homolactic bacteria (e.g., Lactobacillus 

plantarum) are often added to silage because they produce large quantities of lactic acid very 
rapidly, which lowers the pH of silage (Muck et al., 2007). However, maize silage is susceptible 
to aerobic deterioration and improvements in aerobic stability brought about by heterolactic 
bacterium have been reported in corn silage (Ranjit and Kung, 2000). Our studies were 
conducted to examine the influence of using a mixed microbial inoculant (Enterococcus faecium, 
Lactobacillus casei, Lactobacillus plantarum, Lactobacillus buchneri and Pediococcus 
pentosaceus) on the fermentation parameters and aerobic stability of maize silages. 
 
Materials and Methods Whole crop maize was harvested from five different fields at the 
beginning of the waxy stage of maturity. An exact amount of chopped crop (cut length-1.2 to 1.8 
cm) was weighed in a plastic container and then ensiled in 0.7-litre jars when determining pH 
after 2 days or in 3-litre jars when determining the remaining parameters after 100 days. The 
additives applied to maize for three silos per treatment were (C) no additive and (I) Enterococcus 
faecium, Lactobacillus casei, Lactobacillus plantarum, Lactobacillus buchneri and Pediococcus 
pentosaceus (Microsil Extra Plus) at 4 ml/kg, corresponding to a dose of 150000 cfu/g treated 
forage. The chopped, sprayed and mixed whole-crop maize was packed in silos to a volume 
weight of ca. 400-500 kg/m3; silos were sealed and placed in room with a temperature of +20 0C. 
The SAS statistical package was used to analyze the data. Separation of untreated and inoculant-
treated means was either done for each field (per field) or in a collected analysis in which fields 
were used as one factor (over fields). Three replications (jars) were used per additive treatment. 
The data were analyzed as a randomized complete block. 
 
Results and Discussion Mean (s.d.) DM, WSC, nitrate concentration and buffering capacity for 
whole crop maize were 223 (4.4) g/kg, 142 g/kg DM (6.3), 2.6 (0.2) g/kg DM and 200 mEq/kg 
DM, respectively. Treatment I resulted in significantly higher (P < 0.01) DM concentration and 
lower (P < 0.05) NDF and ADF concentrations (Table 1). Inoculated silages had lower (P < 0.01) 
pH-values both after 2 days and 100 days of ensiling compared with the untreated control. 
Compared with the untreated control, the acetic acid concentration was lower (P<  0.01) and the 
lactic acid proportion higher (P<  0.01) in the inoculated silage. Treatment I reduced proteolysis 
of plant proteins, as indicated by lower (P < 0.01) ammonia-N concentration and reduced (P < 
0.01) DM losses by 22 g/kg DM in the inoculated silage compared with the untreated control. 
Treating maize with the bacterial mix reduced the concentration of acetic acid and appeared to 
impair aerobic stability (Figure 1). Silages with high acetic acid concentrations are generally 
more aerobically stable (Salawu et al., 2001). The increased stability is attributed to the 
inhibitory effect of acetic acid on yeast and mould growth. Apparently, L. buchneri was not 
sufficiently active to increase the concentration of acetic acid and improve aerobic stability. 
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Conclusions A bacterial mixture was effective in increasing the lactic acid proportion and 
reducing butyric acid concentration, proteolysis and DM losses in whole-crop maize silage. 
However, the inoculated maize silage was more prone to aerobic deterioration than the untreated 
control. The reasons for the differences in the aerobic stability of the treated and untreated 
silages are not clear. 
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Table 1. Chemical composition and fermentation parameters of whole-crop maize silage (all 
data except pH are after 100 days of ensiling) 

Measured parameters Untreated 
control 

Microsil Extra 
Plus treated Average LSD0.05 Sign. 

Dry matter, DM, g/kg 205 209 207.0 3.0 ** 
Crude protein, g/kg DM 112 114 112.8 3.4 NS 
Crude ash, g/kg DM 41 41 41.2 2.8 NS 
WSC, g/kg DM 10 6 8.3 6.2 NS 
NDF, g/kg DM 438 421 429.6 15.6 * 
ADF, g/kg DM 248 236 241.8 9.5 * 
Lactic acid, g/kg DM 54 59 56.7 5.3 NS 
Acetic acid, g/kg DM 17 14 15.2 1.0 ** 
Butyric acid, g/kg DM 0.8 0.3 0.6 0.51 NS 
Ammonia N, g/kg N 43 38 40.4 2.7 ** 
pH after 100 days 3.75 3.71 3.73 0.024 ** 
pH after 2 days 5.19 4.37 4.78 0.174 ** 
DM losses, g/kg DM 90 68 79.2 12.7 ** 
* and ** denotes significant at level 0.05 and 0.01 respectively. 
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Figure 1. Aerobic stability of inoculated (I) or untreaded (C) maize silage; 
* and ** denote statistical differences of means at 0.05 and 0.01 levels, respectively. 



 

XVth International Silage Conference Proceedings 51 

Whole-crop legume/barley silages ensiled with different additives 
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Introduction Whole-crop barley has a relatively high feed value, which results in satisfactory 
ruminant performance (Nadeau, 2007; Rustas et al., 2008; Wallsten and Martinsson, 2009). To 
increase its crude protein (CP) content it can be grown in mixture with a legume. Use of various 
legumes and silage additives may affect fermentation characteristics and nutritive value of 
legume/barley mixtures. The aim of this study was to evaluate the effects of legume species and 
additive on feed value and fermentation characteristics of whole-crop legume/barley silages. 
 
Materials and Methods Spring-sown vetch (V), field bean (F) or pea (P) was grown in mixture 
with spring barley (B) containing legume proportions of 47, 28 and 29% of dry matter (DM), 
respectively. Mixtures were harvested on July 17, 2007 at the early podding stage of the legumes 
and at medium to late milk stage of the barley. The herbage was chopped, wilted for ca 4 hours 
and treated with Lactisil 200®NB (Lactobacillus plantarum, Enterococcus faecium, Pediococcus 
acidilactici, Lactococcus lactis, cellulase and sodium benzoate; Medipharm Inc., Kågeröd, 
Sweden) at 200 000 cfu of lactic acid producing bacteria/g fresh herbage, with Proens™ (2/3 
formic acid, 1/3 propionic acid; Perstorp Inc., Perstorp, Sweden) at 5 litres/tonne fresh herbage or 
with no additive. The treated herbage was ensiled in mini silos for 100 days. The design was a 
randomized block with three field replicates. Data were analyzed in PROC GLM of SAS (Cary, 
NC, USA) with mixture and additive as fixed factors (. When the F-value was significant for the 
main effects of mixture and additive and their interaction (P < 0.05), pair-wise comparisons 
among treatment means were performed with Tukey´s t-test and declared significant at P < 0.05. 
 
Results and Discussion Yields of DM were 6.7 tonnes for VB and FB and 6.9 tonnes for PB. 
Wilted VB, FB and PB contained 27.7, 34.0 and 33.7% DM, 13.2, 8.5 and 9.0% CP, 4.3, 4.4 and 
4.8% starch and 11.9, 19.1 and 19.5% sugar of DM, respectively. In vitro rumen organic-matter 
disappearance was 74.0, 71.7 and 75.3% for VB, FB and PB, respectively. The NDF content was 
47.8, 50.7 and 53.0% of DM for VB, FB and PB silage, respectively (P < 0.001). Lower DM 
content of VB silage resulted in a more extensive fermentation of sugar to lactic and VFA 
compared to FB and PB silages (Table 1). On average, starch was hydrolized from 4.5 to 2.6% of 
DM (P < 0.0001) during ensiling. Adding the acid decreased starch content of the control silage 
while restricting fermentation of sugar to fatty acids, resulting in more sugar in the acid-treated 
silage than in wilted herbage (19.2 vs. 16.9% of DM, P < 0.01; Table 2). Contents of alcohols and 
ammonia-N were lower in acid-treated than untreated silage. Silage treated with inoculant had the 
lowest pH and lower content of 2,3-buthandiol than control silage (Table 2). No interactions 
between crop mixture and herbage treatment were found for any variables studied, except for the 
sugar content. Acid-treated VB silage had sugar content similar to wilted herbage of VB whereas 
acid-treated silages of FB and PB contained more sugar than their wilted herbages (P < 0.05). 
 
Conclusions Silages of VB, FB and PB had good feed values and fermentation characteristics, 
which were further improved by use of additives, especially of the acid. 
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Table 1. Fermentation characteristics of silages as affected by crop mixture (n = 9) 
 Mixture with barley   
Chemical composition 47% vetch 28% field bean 29% pea SEM P - value 
  Dry matter, % 26.3b 32.7a 32.1a 0.5 <0.0001 
  Starch, % of DM 2.7 2.4 2.8 0.16 NS 
  Sugar, % of DM 6.0b 15.6a 15.5a 0.62 <0.0001 
  pH 3.94 3.93 3.96 0.015 NS 
  Lactic acid, % of DM 8.9a 5.3b 5.8b 0.46 0.0001 
  Acetic acid, % of DM 1.6 1.2 1.3 0.11 0.072 
  Propionic acid, % of DM 0.25a 0.18b 0.18b 0.017 0.010 
  Butyric acid, % of DM 0.04a 0.03b 0.03b 0.0006 <0.0001 
  Ethanol, % of DM 0.35 1.07 0.82 0.34 NS 
  2,3-buthandiol, % of DM 0.13 0.19 0.15 0.017 0.080 
  NH4-N1, % of total N 4.6 4.2 5.7 0.51 NS 
  DM losses, % 0.24a 0.28a 0.17b 0.019 0.007 
a,bMeans in the same row with different superscripts differ (P < 0.05). 
1NH4-N = ammonia-nitrogen; SEM = standard error of the mean; NS = non-significant. 
 
Table 2. Fermentation characteristics of silages as affected by additive (n = 9) 
 Silage treatment   
Chemical composition Control Inoculant Acid SEM P - value 
Dry matter, % 30.0 29.9 31.2 0.50 NS 
Starch, % of DM 3.0a 2.7a 2.1b 0.16 0.005 
Sugar, % of DM 8.2b 9.7b 19.2a 0.62 <0.0001 
pH 3.93b 3.86c 4.04a 0.152 <0.0001 
Lactic acid, % of DM 7.7a 8.8a 3.5b 0.46 <0.0001 
Acetic acid, % of DM 1.9a 1.6a 0.5b 0.11 <0.0001 
Propionic acid, % of DM 0.07a 0.07a 0.05b 0.017 <0.0001 
Butyric acid, % of DM 0.034 0.034 0.032 0.0006 NS 
Ethanol, % of DM 1.41a 0.77a,b 0.06b 0.340 0.040 
2,3-buthandiol, % of DM 0.24a 0.18b 0.06c 0.017 <0.0001 
NH4-N1, % of total N 5.7a 5.1a,b 3.7b 0.51 0.041 
DM losses, % 0.24 0.24 0.21 0.019 NS 
a,b,cMeans in the same row with different superscripts differ (P < 0.05). 
1NH4-N = ammonia-nitrogen; SEM = standard error of the mean; NS = non-significant. 
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Influence of cutting height and use of additives on silage quality 
U. Wyss 
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Introduction The silage quality is influenced by different factors. Especially in autumn, it is 
difficult to pre-wilt the forage and there is a higher risk of soil contamination. The objective of 
the study was to investigate the influence of cutting height, pre-wilting degree, and use of silage 
additives on silage quality. 
 
Materials and Methods In autumn 2006, forage of a ley of the fifth growth was cut at two 
different cutting heights, 7-8 cm (H) vs. 3-4 cm (L). A part of the forage was ensiled directly (A) 
and the remainder was tedded and ensiled the following day at a higher dry matter (DM) content 
(B). The forage was ensiled in 1.5 l capacity laboratory silos with or without a chemical additive 
and two inoculants. Inoculant X contained Lactobacillus plantarum, inoculant Y contained 
Pediococcus acidilactici, Lactobacillus paracasei, and Lactobacillus lactis. After a storage period 
of 160 d the silos were opened and the nutritive values, pH, and the concentrations of ammoniac 
and fermentation acids were determined. The DLG-points were calculated (DLG, 2006).  
 
Results and Discussion In a first step, the silages without additives were compared. The pre-
wilting degree (PW) and the cutting height (CH) influenced significantly the DM, ash, sugar, and 
net energy content (Table 1). In forage (A) the ash content was higher in L than in H (Table 1). 
Therefore, there were also big differences in the net energy content. In forage B the ash content 
was similar between the two cutting heights. The crude protein content was only influenced by 
the CH and the crude fiber content was not influenced by the two analysed factors. The pH, 
fermentation acids, and ammonia were mainly influenced by the PW. No or only traces of 
butyric acid were produced in the silages, which might be caused by the high nitrate content of 
the fresh forage. The silages of forage A showed relatively high pH values and high content of 
acetic acid. Therefore, these silages had low DLG-points. By pre-wilting, the acetic acid content 
was slightly reduced, and these silages had higher DLG-points. But the quality of silages was 
still assessed as mediocre. 
  
In a second step, the effects of additives were measured. In forage A the chemical additive 
influenced the ammonia proportion positively in variant L and negatively in variant H (Figure 1). 
Differences were also found between the two inoculants. With inoculant X the ammonia-N 
proportion and the DLG-points were not improved in comparison to the variant without a silage 
additive (Figures 1 and 2). However, with inoculant Y the ammonia-N proportion was reduced 
and the silage quality was improved, especially in the silages with the higher DM content.  
 
Conclusions In autumn, forage can have a high soil contamination, especially when the cutting 
height is low. The correct silage additive can improve silage quality under these conditions. 
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Table 1. Influence of pre-wilting (PW) degree and cutting height (CH) on nutritive values and 
fermentation parameters in silages without additives 
Pre-wilting Low (A) Medium (B) SE Significance 
Cutting height H L H L  PW CH PW*CH 
Dry matter, %  16.7 16.6 24.1 21.4 0.19 ** ** ** 
Ash, g/kg DM 177 267 170 173 7.8 * * * 
Crude protein, g/kg DM 224 183 216 205 2.1 NS ** ** 
Crude fiber, g/kg DM 242 231 236 244 2.7 NS NS NS 
Sugar, g/kg DM 7 5 8 8 0.1 ** ** * 
NEL, MJ/kg DM 5.6 4.7 5.7 5.5 0.05 ** ** ** 
pH 4.9 4.9 4.6 4.6 0.02 ** NS NS 
Lactic acid, g/kg DM 80 67 130 112 2.2 ** ** NS 
Acetic acid, g/kg DM 87 77 55 53 2.7 ** NS NS 
Propionic acid, g/kg DM 9 9 2 2 0.5 ** NS NS 
Butyric acid, g/kg DM 0 0 3 3 0.1 ** NS NS 
Ethanol, g/kg DM 7 7 4 2 0.8 * NS NS 
NH3-N/N total, % 12.5 14.5 10.9 11.7 0.26 ** * NS 
DLG-Points 20 28 49 52 2.9 ** NS NS 
NEL: Net energy for lactation. 
NS = P>0.05; * = P<0.05; ** = P<0.01. 
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Figure 1. Effects of pre-wilting-degree (A=low; B=medium), cutting height (H and L), and 
silage additives on ammonia-N proportion. Values within the same PW and CH variants with 
different letters differ significantly (P>0.05)  
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Figure 2. Effects of pre-wilting-degree (A=low; B=medium), cutting height (H and L), and 
silage additives on DLG-points. Values within the same PW and CH variants with different 
letters differ significantly (P>0.05) 
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The effect of LAB silage inoculants on the rumen environment-- 
current research status 
Z. G. Weinberg1, J. Miron1, Y. Chen1, R. E. Muck2, F. Contreras-Govea 2, P. J. Weimer2, I. 
Filya3, and L. Kung Jr.4 
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Wisconsin 53706, USA, 3Uludag University, Bursa 16059, Turkey; 4University of  Delaware, 
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Introduction Inoculants containing mainly lactic acid bacteria (LAB) are the most common 
additives used in making silage. Their function is to promote intensive production of lactic acid 
and rapid decrease in pH and so minimize fermentation losses. Some LAB inoculants reduce 
aerobic spoilage. In addition, feeding inoculated silages improved animal performance (live 
weight gain and milk production) by 3 to 5% in about half of reviewed studies. Animal 
performance effects are often greater than expected from the effects of LAB on the ensiling 
fermentation. The objective of recent in vitro experiments conducted in Wisconsin, Delaware 
and Israel was to find out how and under what conditions LAB impart beneficial (possibly 
probiotic) effects on ruminant performance. The paper summarizes the results obtained so far. 
 
Materials and Methods Silages treated with various commercial LAB inoculants were prepared 
in mini-silos. Inoculated and control silages were used in in vitro digestion experiments in which 
dry matter and NDF digestibility (DMD and NDFD) were measured as well as gas production, 
total volatile fatty acids (VFA), acetate-to-propionate ratio and microbial biomass yields.  
 
Results and Discussion LAB silage inoculants survive in rumen fluid. When added directly to 
rumen fluid, some LAB inoculants resulted in higher pH values as compared with control rumen 
fluid (Figure 1). LAB silage inoculants and inoculated silages possess anti-bacterial activity that 
potentially could inhibit detrimental microorganisms in the silage or in the rumen. Some LAB 
inoculants applied at ensiling or added directly to rumen fluid tended to increase in vitro DMD 
and NDFD of wheat and corn silages, especially after 24 h of incubation in the presence of starch. 
However, in other experiments, LAB inoculants did not have any consistent effect on DMD and 
NDFD of various corn and alfalfa silages. In vitro experiments with wet ground silage samples 
revealed that some inoculated alfalfa silages (14 inoculant treatments, 2 trials) reduced ruminal 
gas production, total VFA and acetate-to-propionate ratio as compared with control silages. 
Reduced gas production in the rumen is associated with higher microbial biomass production. 
Subsequent trials with four inoculants in alfalfa and corn silages did not show an effect on gas or 
VFA production at 9 or 48 h but did show an increase in microbial biomass yield estimated by 
the difference between true and apparent DMD (Blümmel et al., 1997) (Table 1). This might 
explain the effect of LAB on improved animal performance, but the mechanism for this increase 
in microbial biomass is uncertain.  
 
Conclusions LAB silage inoculants survive in rumen fluid and may have an effect on the rumen 
fermentation, but probably, not directly on digestibility attributes. More research is warranted to 
elucidate possible interactions between LAB inoculants and rumen microorganisms that would 
shed light on this beneficial phenomenon. 
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Figure 1. The effect of LAB inoculants on the pH of rumen fluid.  

 

 

Table 1. Average products of in vitro rumen fermentation of alfalfa, corn and bmr corn silages. 

Inoculant Acetat
e 

Propionat
e Butyrate VFA A:P1 MBY Gas 

 ———————— mM ———————  mg/g TD ml/g DM 
9 h incubation        
Control 32.2 12.9 6.6 51.7 2.5 354 158 
Lpe 32.9 12.9 6.6 52.4 2.6 390 162 
LP 31.8 12.3 6.3 50.5 2.6 379 157 
LP-EF 31.6 12.4 6.3 50.3 2.5 355 158 
LL 33.1 13.3 6.9 52.2 2.5 380 162 
LSD (P<0.05) NS NS NS NS NS 16.6 NS 
48 h 
incubation        

Control 48.2 16.8 9.4 74.4 2.9 235 236 
Lpe 47.8 17.7 9.4 74.9 2.8 244 248 
LP 49.0 17.1 8.9 75.0 2.9 252 243 
LP-EF 48.3 17.7 9.4 75.4 2.8 237 239 
LL 48.9 17.6 9.6 76.1 2.9 258 249 
LSD (P<0.05) NS NS 0.38 NS NS 13.2 NS 

1A:P = acetate-to-propionate ratio; MBY = microbial biomass yield per unit truly digested. 
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Lactobacillus plantarum MTD/1, its impact on silage  
and in vitro rumen fermentation 
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Introduction Homofermentative silage microbial inoculants affect silage fermentation by 
reducing pH, promoting lactic acid production, and reducing ammonia formation. However, 
these microbial inoculants may improve animal performance by mechanisms that are not clear. 
Particularly, there is substantial evidence that the specific strain Lactobacillus plantarum 
MTD/1 affects animal performance (Kung et al., 2003). The objective of this study was to 
quantify the impact of Lactobacillus plantarum MTD/1 on silage quality and in vitro rumen 
fermentation of alfalfa and corn silage. 
 
Material and Methods Four trials were conducted with second (35 and 32% DM) and third 
harvests (38 and 31% DM) of alfalfa and two with two forage corn hybrids, Mycogen 797 
BMR (27 % DM) and Mycogen 716 (33% DM) in 2007. In each trial three treatments were 
assessed: 1) uninoculated treatment (negative control), 2) L. plantarum MTD/1, and 3) formic 
acid (positive control, FA). Four 1-L mini-silos were used per treatment. L. plantarum MTD/1 
was applied at a rate of 1.0 x 105 cfu/g of crop and formic acid was applied at 8.8 g kg-1 fresh 
forage. All silages were fermented for 60 days at room temperature (~21°C). In vitro 
fermentation was performed using wet ground silage (1.0 g silage, particle size of 1 to 4 mm 
using a Robot Coupe RSI 2Y-1 food processor, Ridgeland, MS) in 160 ml serum bottles 
incubated at 39°C. 
 
Results and Discussion Four of the trials (three of the alfalfa trials and Mycogen 716) had 
similar results. On average in these trials, pH was lowest in formic acid-treated silages, 
intermediate with L. plantarum MTD/1-treated silages and highest in uninoculated silages 
(Table 1). Across the four trials, L. plantarum MTD/1 silages had higher lactate and lower 
acetate concentrations than the control silages. Formic acid treatment reduced lactate, acetate 
and ethanol concentrations. Soluble non-protein nitrogen (NPN) was lowest with formic acid, 
intermediate with L. plantarum MTD/1 and highest in uninoculated silages (Table 1). Gas 
production and volatile fatty acids were not different across treatments (Table 2), but bacterial 
non-ammonia N (NAN) estimated by 15N and microbial biomass yield (MBY) estimated by the 
difference between true and apparent digestibility were greatest in silage treated with formic 
acid, similar but numerically lower with L. plantarum MTD/1, and lowest in uninoculated 
silage (Table 2). In the fourth alfalfa trial, the uninoculated and MTD/1 fermentations appeared 
to be dominated by enterobacteria (not measured) because they had high pH (5.4), high acetate 
(41 g kg-1 DM) and undetectable levels of butyrate (data not shown). The in vitro fermentation 
of the MTD/1 silage was not different from the uninoculated silage in the fourth alfalfa trial. In 
the Mycogen 797 trial, both the MTD/1 and uninoculated silages had low pH (3.70 and 3.69) 
compared to formic acid (4.15). The MTD/1 silage was more homofermentative compared to 
the uninoculated silage (data not shown). However, both the MTD/1 and formic acid 
treatments had reduced bacterial NAN compared to the uninoculated treatment. This was 
correlated with elevated ethanol concentrations in those two treatments (10 and 39 g kg-1 DM, 
respectively, vs. 5 g kg-1 DM for uninoculated). 
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Conclusions Overall, the lower pH and NPN concentration in trials with L. plantarum MTD/1 
and formic acid compared with uninoculated silages indicates greater true protein preservation 
occurred in the additive-treated silages in most of the trials. This appeared to affect in vitro 
rumen fermentation by increasing the amount of rumen microbial biomass produced. This 
provides a plausible explanation as to why L. plantarum MTD/1-treated silage might increase 
milk production compared to untreated silage. 
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Table 1. Treatment effects on average silage characteristics across three trials with alfalfa 
silage and one trial with corn silage (Mycogen 716) 
    Treatment     
  Control MTD/11 FA Range LSD (P < 0.05) 
DM, g kg-1 339 336 350 308-399 7.42 
Ammonia-N, % TN     3.40   2.77   1.24 0.50-3.49 0.20 
NPN, % TN  47.3  44.1  39.0 38.4-53.6 3.52 
pH    4.38    4.28    4.25 3.86-4.58 0.03 
Lactate, g kg-1 DM  61.0  66.3  12.1 1.1-71.5 4.24 
Acetate, g kg-1 DM 20.5 17.1   5.7 1.9-25.5 1.25 
Ethanol, g kg-1 DM   5.1   4.5   2.1 1.1-8.2 0.71 

1MTD/1, L. plantarum MTD/1; FA, formic acid; TN, total nitrogen; NPN, non-protein nitrogen 
 
 
Table 2. Products of 9-h in vitro ruminal fermentations averaged across three trials with alfalfa 
silage and one trial with corn silage (Mycogen 716) 
  Treatment     
  Control MTD/11 FA Range LSD (P < 0.05) 
Gas, mL g-1 DM 156  152 155 133-169 NS 
Acetate, mM 27.2    28.2 29.5 22.1-36.3 NS 
Propionate, mM 10.6 10.6 10.0 8.1-14.5 NS 
Butyrate, mM   4.7    4.7   4.4 3.4-6.5 NS 
Total VFA, mM 42.6  43.5 43.9 37.3-48.8 NS 
Bacterial NAN, mg g-1 
DM  10.3   12.4   14.4 6.0-17.7 2.12 
MBY, mg 100 mg-1 TD  43.9   47.2   47.5 41.8-57.5 2.80 

1MTD/1, L. plantarum MTD/1; FA, formic acid; VFA, volatile fatty acids; NAN, non-ammonia 
nitrogen; MBY, microbial biomass yield 
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What’s new in silage management? 
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INTRODUCTION 

At the Forage Conservation in the ‘80s Conference, Zimmer (1980) concluded that the 
gaps between “proven technology” and “real efficiency” of silage programs on the farm too often 
were too wide. Almost 30 years later, the silage industry is still faced with the challenges of 
implementing silage technologies, both old and new. A large segment of this industry is 
described as the “Silage Triangle”. The persons responsible for: 1) the livestock, 2) the forage, 
and 3) the harvesting process represent the points of the silage triangle. In some beef and dairy 
operations, one person is responsible for all three points. But in many instances, growing the 
silage crop and harvesting the crop are done completely on a contract basis, creating situations 
where a different person is at each point of the triangle. Each person might have different goals 
and objectives. Where communication between the points of the triangle breakdown, the results 
can directly affect the efficiency and profitability of each point. 

Although a beef or dairy operation’s nutritionist, often an outside consultant, is not a 
direct part of the triangle, he or she has an obvious stake in how well the triangle performs. The 
nutritionist might be the key person in assuring effective communication between the triangle’s 
three points. The nutritionist’s responsibility is generally to the livestock point of the triangle, so 
among his/her major responsibilities could be: 1) educating the client about proper silage 
management, and 2) fostering communication. Ideally, the nutritionist might moderate an annual 
meeting between the cattle manager, the forage grower and the harvesting contractor, making 
sure all involved are on the “same page” regarding expectations and implementation of the entire 
silage program. In other cases, a small beef or dairy producer might be on the wrong end of a 
tight supply/demand situation and lack the economic power to make demands on the forage 
grower and/or harvesting contractor. Then, the nutritionist must focus on the beef or dairy 
producer, and make sure things directly under the producer’s control are done correctly.   

A well-trained and organized silage team is the key to narrowing the gap described by 
Zimmer by eliminating problems that can occur in almost every silage program (Bolsen and 
Bolsen, 2006). Several silage management recommendations and decision-making tools 
available to the silage triangle and silage industry are presented and discussed in this paper.  
 
RENEWED EMPHASIS ON SAFETY 

Few farming operations invite as many different opportunities for injury or fatality as a 
silage program. From harvesting the forage in the field, transporting it to the farm, placing it into 
storage, and then feeding out the silage, employees are exposed to numerous serious risks 
(Murphy 1994). Silage-related tragedy knows no age boundary as workers and bystanders of all 
ages have been injured or killed during silage harvest and feedout (Murphy and Harshman, 2006). 
Although silage injury statistics are not easily collated, countless stories of PTO and harvesting 
machine entanglements, highway mishaps between farm equipment and automobiles, 
entanglement in self-unloading wagons and blowers, and encounters with silo gas exist (Murphy, 
1994). Increasingly, stories involve bunker silos and drive-over piles (Murphy and Harshman, 
2006; Murphy, 2007; Ag Weekly, 2008; and Bolsen and Bolsen, 2009). Consistently protecting 
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employees, equipment, and property throughout harvesting, filling, and feeding does not occur 
without thought, preparation, and training. The silage industry has nothing to lose by practicing 
safety: it has everything to lose by not practicing it (Murphy and Harshman, 2006). Presented 
here are five major hazards involved with managing silage in bunker silos and drive-over piles, 
and the primary ways these hazards can be eliminated, reduced, or controlled.  
Tractor or truck roll-over 

Roll-over protective structures (ROPS) create a zone of protection around the tractor 
operator. When used with a seat belt, ROPS prevent the operator from being thrown from the 
protective zone and crushed by the tractor or equipment drawn by the tractor. A straight drop 
from a concrete retaining wall is a significant risk, so never fill higher than the top of a wall. 
Sight rails should be installed on above ground walls. Lights should be added to the rail if filling 
occurs at night. Always form a progressive wedge of forage when filling bunkers or piles. The 
wedge provides a slope for packing, and a slope shallower than 3 to 1 minimizes the risk of a 
tractor roll-over. Backing up the slope can prevent roll backs on steep slopes. Use low-clearance, 
wide front end tractors equipped with well lugged tires to prevent slipping and add weights to the 
front and back of the tractors to improve stability. If using front-end loaders to move forage into 
the bunker or pile, do not carry the bucket any higher than necessary to keep the center of gravity 
low. When two or more pack tractors are used, establish a driving procedure to prevent collisions. 
Dump trucks can roll over on steep forage slopes, particularly if the forage is not loaded and 
packed uniformly. Raise the dump body only while the truck is on a firm surface to prevent 
turnovers. 
Entangled in or run-over by machinery 

Keep machine guards and shields in place to protect the operator from an assortment of 
rotating shaft, chain and v-belt drives, gears and pulleys, and rotating knives on forage harvesters, 
wagons, and silage feeding equipment. Keep non-workers away from traffic areas, and never 
allow people on foot (especially children) in or near a bunker or pile during filling or feedout. 
Properly adjust rear view mirrors on all tractors and trucks and install back-up warning alarms. 
Fall from height 

It is easy to slip on plastic when covering or uncovering a bunker or pile, especially in 
wet weather. Standard guardrails should be installed on all above ground level walls. Use caution 
when removing plastic, tires, or pea gravel bags near the edge of the feedout face, and never 
stand on top of a silage overhang, as a person’s weight can cause it to collapse.  Where necessary, 
use equipment operating from the ground to remove spoiled silage from the surface of bunker 
silos and drive-over piles. 
Crushed by an avalanche/collapsing silage 

The authors believe a major factor contributing to injury or fatality from silage 
avalanche/collapsing silage is over-filled bunker silos and drive-over piles. A dairy nutritionist 
almost lost his life the day he took silage samples from a bunker silo with a 30-ft high feedout 
face (Schoonmaker, 2000). “Even though I was standing 20 ft from the feedout face, 12 tonnes 
of silage collapsed on me. I did not see or hear anything. I had been in silage pits hundreds of 
times, and you just become kind of complacent because nothing ever happens.  It just took that 
one time”. A nutritionist had a near miss (Bolsen and Bolsen, 2009). “I was taking a core sample 
at one of our large dairy customers and had just moved away from the face when a large section 
just fell off. This was a very well packed silo and had immaculate face management”. 

Avalanche/collapsing silage does not have to happen. Bunkers and piles should not be 
filled higher than the unloading equipment can reach safely, and typically, an unloader can reach 
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a height of 3.5 to 4.5 meters. Use proper unloading technique that includes shaving silage down 
the feedout face and never “dig” the bucket into the bottom of the silage. Undercutting, a 
situation that is quite common when the unloader bucket cannot reach the top of an over-filled 
bunker or pile, creates an overhang of silage that can loosen and tumble to the floor. Never allow 
people to stand near the feedout face, and a rule-of-thumb is never stand closer to the feeding 
face than three times its height. Fence the perimeter of bunker silos and drive-over piles, and post 
a sign, “Danger: Do Not Enter. Authorized Personnel Only”. When sampling silage, take 
samples from a front-end loader bucket after it is moved to a safe distance from the feedout face. 
Complacency 

Think safety first! Even the best employee can become frustrated with malfunctioning 
equipment and poor weather conditions and take a hazardous shortcut, or misjudge a situation 
and take a risky action (Murphy, 1994). Here is one example cited in Bolsen and Bolsen (2009). 
“The accident happened on June 14, 1974 while making silage at Kansas State University’s 
Research Farm. The blower pipe plugged for about the eighth time that afternoon, and I started to 
dig the forage out from the throat of the blower.  The PTO shaft made one more revolution. Zap! 
The blower blade cut off the ends off three fingers on my right hand”. 
 
INCREASING HARVEST RATE: IMPACT ON FILLING AND PACKING 

For many years, silage making specialists have recommended filling the storage unit as 
quickly as possible to avoid the effects of precipitation, over-drying of wilted forage, extended 
periods of crop respiration, and exposure to aerobic decomposition during the filling process. 
Forage harvesting equipment has been increasing in capacity to meet this need. Self-propelled 
forage harvester, estimated capacity as a function of machine power, is shown in Figure 1. Power 
requirements of 1.97 and 2.47 kW-hr/t were used to develop the upper and lower bounds for the 
harvest rate (Shinners, 2009). The power values used in developing the graph were obtained 
from web sites for the four major manufacturers of self-propelled forage harvesters (April, 2009). 
The harvest rates are the maximum expected under ideal conditions. Factors that would reduce 
actual capacity are: 1) forage available is limiting due to not bringing enough windrows together 
to satisfy the throughput capacity of the harvester, 2) transport vehicles limiting by vehicle 
exchange or not enough vehicles available to present to the harvester, 3) field capacity 
constrained by small fields, reduced speed due to obstructions or ground surface conditions, and 
4) service and maintenance. Even with these possible limitations to achieving full capacity, one 
can assume forage could be arriving at the storage unit at 75% of these values under certain 
harvest conditions. As new harvesters with these high harvest rates are introduced, the 
harvest/storage team often is not prepared to deliver and pack the forage in the storage unit. 
Frequently, filling and packing machines for the bunker silos or drive-over piles are insufficient 
in numbers and weight to get the forage packed to the desired density. Using the spreadsheet of 
Holmes and Muck (2007b), with the assumptions of 4.3 m sidewall, 5.5 m peak height, 35% dry 
matter (DM) forage, 0.15 m packing layer thickness, and a harvest rate of 54.4 t As Fed (AF)/hr; 
a 14.5 t tractor is needed to push and pack the forage to achieve about a 705 kg AF/m3 density 
with a porosity of 0.40. The values in Table 1 were developed using the range of harvest rates 
reduced to 75% of the upper bound of Figure 1 and the above spreadsheet trying to achieve a 
similar 705 kg AF/m3 density and a porosity of 0.40. The values in Table 1 suggest current high 
capacity harvesting can be accommodated when enough tractors of sufficient weight are 
employed to pack the bunker silo. The bunker must also be of sufficient width to accommodate 
the numbers of tractors operating safely or more than one bunker must be filled simultaneously 
to allow the tractors to operate.  
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Self Propelled Forage Harvest Rate VS Tractor Power
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Figure 1. Maximum estimated harvest rate for self propelled forage harvesters based on engine  
power (AF = As Fed) 
 
 
Table 1. Number of packing tractors required in a bunker silo at different harvest capacities 

Harvest capacity        
(t AF/hr) 

Number of tractors Tractor weight 
(t/tractor) 

89 1 19 
193 2 19 
225 3/2 17/21 
279 3 19 

 
NEW EMPHASIS ON POROSITY 

Previously, recommendations for packing in bunker silos and drive-over piles by Holmes 
and Muck (Holmes, 2006a) have been based on DM density. However, DM density does not 
account for porosity. Porosity is a measure of the voids between the solid particles of a material. 
Pore space can be filled with fluids, including gas and/or water in silage. The “air filled” porosity 
allows gases to move within the material. For gases to move throughout the material, the pores 
must be continuous. Closed pores do not contribute to gas flow. Figure 2 shows porosity as 
calculated using the equations of Richard et al (2004). From Figure 2, porosity is most 
influenced by bulk density (fresh weight density) over the range of DM contents recommended 
(0.30 to 0.40) for ensiling in bunkers, piles, and bags. Bulk density in silage is affected by the 
same packing practices as DM density: tractor weight, packing time and spreading layer 
thickness as well as depth of silage; however, the same packing practices result in a lower bulk 
density as DM content increases. This trend is the opposite of what occurs with DM density. As 
forage becomes drier, the porosity increases for the same DM density. Higher porosity allows for 
increased oxygen infiltration rate with consequent increased DM loss due to aerobic deterioration. 
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Figure 2. Graph of porosity (decimal) vs. DM content (decimal) for various bulk densities  

 
Thus, Holmes and Muck (2007a) recommended a minimum bulk density of 705 kg AF/m3 and a 
maximum porosity of 0.40 as a goal when packing forage in bunker silos and drive-over piles. 
 To reach these goals, forage DM at harvest needs to be in the recommended range of 30 
to 40 % and packing effort needs to be adequate. If forage DM exceeds 40%, packing effort 
needs to be much higher to produce high bulk density and to keep porosity at or below the 0.40 
target. In the field, the authors have observed an increase in factors leading to lower bulk density 
and higher porosity. These factors include the increased harvest rates without increased packing 
effort mentioned above as well as a trend for field-wilted forages to be harvested drier. 
Arguments for drier forage at harvest include a desire to avoid a clostridia fermentation, and a 
desire to increase the DM content of the total mixed ration when other feed ingredients are high 
in moisture. When field mowing and raking rates exceed harvest rate, drying occurs too fast 
(drying gets ahead of harvest rate). Whatever the reasons for ensiling forage too dry, the nutrient 
losses will increase but the recognition of those losses will not occur until sample analyses 
document the reduced feed quality.  Some feed companies and nutritionists are using infrared 
photography to show the differences in the temperature of silage on the feedout face in bunker 
silos and drive-over piles. The temperature differences show up as different colors on the 
infrared photo image. This might be a good troubleshooting tool for producers who experience 
excessive DM loss or aerobically unstable silage. The multi-colored images might help identify 
silage management practices that need to be changed/improved. 
 
TECHNOLOGIES FOR PACKING BUNKER SILOS AND DRIVE-OVER PILES  

The conventional pushing and packing tractor used in the USA is an agricultural tractor 
with four wheel drive or front wheel assist and weighted with one or more of: steel wheel 
weights, front end weights, three-point hitch weight, or liquid in tires weight. Fully weighted 
tractors are usually in the range of 18 to 23 tonnes. Tractors often use dual wheel arrangements 
with well lugged tires for good traction.  Pushing tractors use tall and wide blades (i.e., bulldozer 
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blades). Some producers have experimented with alternative packing vehicles. Industrial wheel 
loaders are heavier than agricultural tractors on an equivalent power basis (Figure 3). They are 
often used for silage feedout from bunker silos and drive-over piles. This makes them prime 
candidates for alternative packing vehicles. The tires on industrial loaders are not as well lugged 
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Figure 3.  Tractor weight vs power capacity for agricultural wheeled, agricultural tracked, 
commercial wheel loader, and tracked commercial tractors Caterpillar (1994) 
 
as farm tractors, which allow them to slide more easily on sloped forage surfaces. This makes the 
operators very uncomfortable about their safety while packing. Tracked industrial bulldozers 
have been tried by some producers. The naturally heavy weight and some vibration can 
contribute to good packing. There have been few studies on the effect of bulldozers on silage 
density. One study by Zhao and Jofriet (1991) reported a density of 874 kg fresh wt/m3 for 71% 
moisture whole-plant corn and 822 kg fresh wt/m3 for 66% moisture whole-plant corn packed 
with a 21-t bulldozer. Tracked vehicles are likely more stable on wet sloped surfaces than wheel 
loaders. Some producers have used loaded dump trucks and concrete mixing trucks as packing 
vehicles. These vehicles might be loaded up to 36 t Gross Vehicle Weight (GVW) on many state 
highways but on farms they can be loaded up to 45 t GVW with sand, gravel, stone, or concrete. 
With these kinds of loads, forage could be packed to very high densities. Some concerns about 
these vehicles are: 1) the failure of bunker silo sidewalls due to loads imposed, 2) the likelihood 
of roll over due to a high center of gravity, and 3) lack of traction on a sloped forage surface. 

Towed packing devices and conventional earth packing machines, including sheep’s foot 
and vibrating smooth rollers, have been used by some producers in an effort to increase silage 
density. Spanjer (2009) offers a three-point hitch mounted wheeled roller (Spanjer Impact Silage 
Packer). The authors are not aware of research on the effect of these machines and devices on the 
density of various ensiled forages compared to convention packing vehicles. The distributed 
loading of the roller machines might limit their effect at depth, and thus the final silage density. 
Towed equipment might limit ability to pack moving forward and backward. Because the 
Spanjer machine is attached by three-point hitch, it can be operated moving in both directions. 
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NEW TECHNOLOGIES FOR SEALING BUNKER SILOS AND DRIVE-OVER PILES 
From 2004 to 2008 an average of 97.36 million tonnes of whole-plant corn was harvested 

annually for silage in the USA (United States Department of Agriculture, 2008), and about 82 to 
84% of this silage was made in bunker silos and drive-over piles. Bunkers and drive-over piles 
allow a large percentage of the ensiled material to be exposed to the environment. Although 
polyethylene sheeting, which is typically weighted with discarded car or truck tires or tire 
sidewalls, has been the common method used to protect silage near the surface, the protection 
provided is highly variable and often changes during storage (Bolsen et al., 1993). Many 
livestock producers are quick to point out that putting tires on plastic is not an activity enjoyed 
by most farm employees (Ruppel, 1993).  

At the XII International Silage Conference, Dagano (1999) introduced an oxygen barrier 
film (OB film) (http://www.silostop.com) as an alternative to standard black or white on black 
polyethylene to seal bunker silos. The OB film, which is 45µm in thickness, has dramatically 
improved the preservation efficiency and nutritional quality of silage within 0.5 to 1.0 m of the 
surface in bunker silos and drive-over piles.  

Wilkinson and Rimini (2002) ensiled ryegrass in steel drum, pilot silos and compared 
three sealing treatments: 1) a single sheet of 125 µm thick black polyethylene (standard plastic); 
2) double sheets of standard plastic; and 3) a single sheet of OB film. At 175 days post-filling, 
there was virtually no visible surface mold and a markedly lower percentage of inedible silage 
for the OB film-sealed silos compared to the single and double standard plastic-sealed silos.  

Bolsen and Bolsen (2006) compared the OB film, 45 microns in thickness, to standard 
plastic, 125 micron in thickness, in two field trials conducted with large bunker silos on 
commercial beef cattle feedlots in the High Plains of the USA. The first trial was with whole-
plant corn; the second trial was with high moisture (HM) ground shelled corn. In Trial 1, the OB 
film and standard plastic were applied to side-by-side, 12.2 m wide x 18.3 m long areas of the 
bunker surface; in Trial 2, OB film and standard plastic were applied to side-by-side, 39.6 m 
wide x 18.3 m long areas. The covers were weighted with either full-casing, discarded car tires 
(Trial 1) or truck sidewall disks (Trial 2). Because the OB film did not have protection from 
ultraviolet light, a thin tarpaulin covered the film below the tires or sidewalls. At about 240 days 
post-filling, there was virtually no visible discoloration or surface spoilage under the OB film, 
however there was visible mold and aerobic spoilage under the standard plastic, especially in the 
top 30 cm of corn silage. The corn silage and HM ground shelled corn in the top 0 to 45 cm 
under the OB film had better fermentation profiles and lower estimated additional spoilage losses 
compared to the corn silage and HM ground shelled corn under the standard plastic. Kuber et al. 
(2008) and Bolsen et al. (2009) compared OB film to standard plastic in three field trials 
conducted with large drive-over piles of whole-plant corn silage on commercial dairies in 
California. Representative samples were taken of the pre-ensiled forage. Single sheets of OB 
film and standard plastic were applied side-by-side on 30 m wide x 12 m long areas of the side 
and top surfaces of the piles. The two sheets were weighted with discarded car tire sidewalls. 
A sheet of standard plastic covered the OB film below the tire sidewalls. At about 250 days post-
filling, the sealing materials were removed and samples taken at 0 to 15, 15 to 30, and 30 to 45 
cm from the surface at four locations across both the side and top of the piles.  Results of the 
trials are shown in Table 2. 
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Table 2. Effect of standard (Std) plastic and OB film on fermentation, nutritional quality, and 
estimated loss of corn silage OM at 0 to 45 cm from the surface (Kuber et al., 2008; Bolsen et 
al., 2009) 
 Trial 1  Trial 2                 Trial 3 
Item Std  OB film  Std  OB film  Std  OB film 
DM, % 29.7 31.2  25.2 31.5  22.2 25.5 
pH 4.46 3.80  4.97 3.84  5.44 3.80 
Est. OM loss, %1,2 40.1 31.8  37.8 24.2  41.1 19.0 
NDF, % of DM 51.3 48.1  55.8 46.1  61.4 51.7 
Starch, % of DM 22.4 25.1  15.3 25.1  11.6 17.5 
Lactic acid, % of DM 2.10 3.42  1.32 3.87  1.1 4.7 
Acetic acid, % of DM 3.27 5.16  2.15 2.64  2.4 3.5 
Ash, % of DM 5.27 4.52  5.77 4.57  8.1 5.6 

1Estimated OM loss, calculated from ash content using the equations by Bolsen et al. (1993). 
2Ash content of the pre-ensiled forage was 3.1% in Trial 1, 3.5% in Trial 2, and 4.6% in Trial 3. 
 

There was very little visible discoloration or spoilage under the OB film-sealed area of 
the piles, however there was visible mold and extensive aerobic spoilage under the standard 
plastic-sealed area of the piles, particularly between 0 cm and 30 cm from the surface. When 
averaged across sampling depth, silage on both the side and top of the piles under OB film had 
better fermentation profiles, higher nutritional quality, and lower ash concentrations than silage 
under standard plastic. Note the estimated mean loss of OM between 0 and 45 cm was 
consistently lower with the OB film than the standard plastic in all three trials. The OB film was 
more effective than standard plastic in preventing the entry of oxygen into the silage during the 
storage and feedout phases. This effect was observed on both the top (higher DM density) and 
side (lower DM density) of the piles. 

McDonell et al. (2007) reported significantly higher nutritional quality for corn silage 
within 0 to 0.45 m of the surface in a bunker silo sealed with OB film compared to a bunker 
sealed with standard plastic. Results from Borreani et al. (2007) showed an improved 
fermentation quality and lower DM losses for corn silage within 0 to 0.4 m of the surface in 
bunker silos sealed with OB film compared to standard plastic. The OB film used by Borreani 
was white-on-black, 125 µm thick, and ultraviolet light-stabilized. 

Berger and Bolsen (2006) presented the following eight management practices that are 
necessary to minimize or eliminate surface-spoiled silage in bunker silos and drive-over piles: 1) 
Achieve a minimum packing density of 195 to 225 kg DM/m3 in the top 1 m of silage. 2) Shape 
all surfaces so water drains off the bunker or pile, and the back, front, and side slopes should not 
exceed a slope of 3 to 1. 3) Seal the forage surface immediately after filling is finished. 4) Two 
sheets of plastic or a sheet of OB film and a sheet of plastic or tarpaulin are preferred to a single 
sheet of plastic. 5) Overlap the sheets that cover the forage surface by a minimum of 1.5 to 2 
meters. 6) Arrange plastic sheets so runoff water does not come into contact with silage, and 
sheets should reach 1.5 to 2 m off the forage surface around the perimeter of a drive-over pile.  
7) Put uniform weight on the sheets over the entire surface of a bunker or pile, and double the  
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Table 3. Economics of sealing corn silage and alfalfa haylage in bunker silos with standard (Std) 
plastic and OB film1                                                                     

Variables (Numbers in bold are user inputs)

Bunker 1 
corn 

Std plastic

Bunker 2 
corn 

OB film 

Bunker 3 
alfalfa 

Std plastic 

Bunker 4 
alfalfa 

OB film 
Silage value, $/tonne 44.00 44.00 66.00 66.00 
Silage density in top 0.9 m, kg/m3 624 624 576 576 
Silage density below top 0.9 m, kg/m3 768 768 672 672 
Silo depth, m 3.66 3.66 3.66 3.66 
Silo width, m 12.2 12.2 12.2 12.2 
Silo length, m 45.7 45.7 45.7 45.7 
Silage lost in the original top 0.9 m:     
    unsealed, % of the crop ensiled1 50 50 50 50 
    sealed, % of the crop ensiled1 20 10 20 10 
Cost of covering sheet, ¢/m2 50.0 140.0 50.0 140.0 
Silage in the original top 0.9 m, tonnes 313 313 289 289 
Value of silage in original top 0.9 m, $ 13,778 13,778 19,076 19,076 
Value of silage below original top 0.9 m, $ 52,000 52,000 68,250 68,250 
Value of silage lost if unsealed, $ 6,889 6,889 9,538 9,538 
Value of silage lost if sealed, $ 2,755 1,378 3,815 1,908 
Sealing cost, $  937 1,387 937 1,387 
Net value of silage saved by sealing, $  3,196 4,124 4,786 6,243 
1Values are from the data by Bolsen et al. (1993) and Berger and Bolsen (2006).  
 
weight placed on the overlapping sheets. Sandbags, filled with pea gravel, are an effective way to 
anchor the overlapping sheets, and sandbags provide a heavy, uniform weight at the interface of 
the sheets and bunker silo wall. 8) Prevent damage to the sheet or film during the storage period 
and patch holes with sealing tape as they occur.  
Economics of sealing corn silage and alfalfa haylage in bunker silos 
 An Excel spreadsheet to predict the economics of sealing ensiled forage or HM grain in 
bunker silos and drive-over piles was developed from research conducted at Kansas State 
University from 1989 to 1995 and from the original equations published by Huck et al. (1997). 
Example results from the Excel spreadsheet are presented in Table 3. In a 12.2 m wide x 45.7 m 
long bunker silo of corn silage, which has an average depth of 3.66 m, OB film would save an 
extra $928 of corn silage in the original top 0.9 m compared to standard plastic. In a similar size 
bunker silo of alfalfa haylage, OB film would save about $1,457 of haylage in the original top  
0.9 m compared to standard plastic. The economics of properly sealing bunkers and piles with 
standard plastic or OB film makes it clear that producers should pay close attention to the details 
of this “troublesome” task. 
Economic impact of surface-spoiled corn silage 

Aerobic spoilage occurs to some degree in virtually all sealed bunkers and piles, but 
discarding surface-spoiled silage is not always a common practice on the farm (Berger and 
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Bolsen, 2006). Whitlock et al. (2000) determined the effect of surface-spoiled corn silage on the 
nutritive value of a silage-based ration. The original top 0.9 m of corn silage in a bunker silo was 
not sealed for 90 days, and the surface-spoilage was fed to steers fitted with ruminal cannulas. 
The addition of surface-spoiled silage had large negative associative effects on DM intake and 
organic matter and neutral detergent fiber digestibilities. The first increment of “slimy” spoilage 
(5.4% of the ration on a DM basis) had the greatest negative impact. Rumen evacuation revealed 
spoiled silage severely damaged the integrity of the forage mat. The results clearly showed 
surface spoilage reduced the nutritive value of corn silage-based rations more than expected. 
Bolsen et al (2009) reported the predicted combined effects of silage management and feeding 
practices associated with surface-spoiled corn silage in a growing cattle operation based on the 
data of Whitlock et al. (2000). The rations in the example contained 0 to 5.4% “slimy”, surface-
spoiled silage on a DM basis, and the estimated NEg of the rations ranged from 0.9 to 1.0 
Mcal/kg (DM basis). The DM intake ranged from 7.26 to 7.70 kg per day, and silage DM 
recovery ranged from 77.5 to 87.5% of the crop ensiled.  When only DM intake was affected by 
feeding “slime”, the predicted live weight gain per tonne of crop ensiled was decreased by 1.4 kg, 
and the value of the lost gain was $3.64. In a worst case scenario, which assumed DM intake, 
NEg, and DM recovery were all negatively affected by creating and feeding slime, the predicted 
live weight gain per tonne of crop ensiled decreased by11.9 kg and the value of the lost gain was 
$30.94. 
Silage feedout techniques for bunker silos and drive-over piles 

Feeders should maintain a smooth and tight silage feedout face. A smooth face minimizes 
the surface area of forage particles exposed to oxygen. Reduced oxygen exposure limits aerobic 
deterioration of the silage between feedout events. Front-end loaders are the predominant 
equipment for removing silage from bunkers, piles and bags. Operators who scrape down the 
feedout face or shear off the face with the side of the bucket while driving parallel to the face, 
can leave a smooth and undisturbed face. Those who jab the bucket into the silage and lift, leave 
a rough and very disturbed face. Rotating face cutters mounted on arms of a power unit have 
been gaining use and leave a very smooth and undisturbed face. These face cutters have also 
been mounted to continuously deliver silage to a feed wagon (largely European machines). Arm 
extensions or telescoping arms allow facers to operate on taller feedout faces. Where the silage 
removal equipment can not reach the top of the feedout face, undermining during feedout causes 
silage overhangs. With sufficient undermining, overhangs eventually collapse as an avalanche, 
which endangers the operator and anyone working under or on top of the overhang, and leaves a 
rough disturbed face. Thus bunker silos and drive-over piles should be sized to be no higher than 
the feedout equipment can reach. Block cutters, developed in Europe, have been introduced to 
the USA market but have not found applications. The advantage of a block cutter is maintenance 
of a smooth tight feedout face and the loading of the silage into a transportable form in a one step 
process. A producer-developed silage face rake has recently been introduced in the USA. This 
machine leaves a rougher feedout face than a face cutter but it could have a faster removal rate. 
 
SOFTWARE FOR BUNKER SILOS, DRIVE-OVER PILES AND BAG SILOS 
 Bunker silo, drive-over pile, and bag silo sizing and management can benefit from many 
mathematical calculations to consider some of the “What if?” scenarios. Numerous spreadsheets 
are available for download from the Harvest and Storage page of the University of Wisconsin-
Extension Team Forage web site: http://www.uwex.edu/ces/crops/uwforage/storage.htm 
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Bunker silo sizing calculator 
This spreadsheet (Holmes, 1998) is designed with three major areas. The first allows the 

operator to list the number of animals in various groups within the herd and the amount of DM 
consumed each day for each animal in three hay-crop silage categories and one corn silage 
category. The section calculates the total quantity of each of the four silages required to feed the 
herd each day. These values are then entered by the user one at a time into the second (Input) 
section of the spreadsheet. The user also enters values for storage loss, feeding loss, bulk density, 
moisture content, removal rate, storage period and maximum bunker silo length. Finally, the 
results are tabulated in section three (Results) as a listing of bunker silo average dimensions that 
satisfy the design criteria. A similar spreadsheet (Barnett and Holmes, 2009) uses operator 
information to determine dimensions of a drive-over pile. 
Bunker silo volume and weight calculator 

Often the question arises about the quantity of silage in an existing bunker silo. This is 
usually needed as part of a feed inventory process. In this spreadsheet (Holmes, 2008a), the 
operator is asked to enter bunker silo dimensions, silage moisture content and DM density. The 
spreadsheet output includes the DM and as-fed weight and the volume of silage in the bunker 
silo. 
Silage pile capacity and cost calculator 

Often the question arises about the quantity of silage in an existing drive-over pile. This 
is usually needed as part of a feed inventory process. In this spreadsheet (Holmes, 2007a), the 
operator is asked to enter pile dimensions, silage moisture content and DM density. The 
spreadsheet output includes the silage DM and as-fed quantity in each pile and total quantity of 
silage. 
Average density of silage in storage 

This spreadsheet (Holmes, 2005) determines average bulk density and DM density in 
bunker, pile, bag and tower silos. It uses the principle of weight of silage removed divided by the 
volume removed to calculate the density. The weight is the sum of weights placed in the feed 
mixer wagon during feeding. The volume is calculated after the user enters the dimensions of 
feed removed from the storage. Accuracy is influenced by precision with which weight is 
recorded and how much feed volume is removed during the test period. Measurement accuracy 
increases if the test period is greater than 1 week. This method has the possibility of giving more 
accurate values than the face probing method used by many researchers and nutritionists because 
the point density can vary quite a bit over the feedout face of a storage unit and the probing 
method can have inaccurate results if a bore hole is made into a non-representative site on the 
feedout face. The procedure is also much safer. 
Silo bag sizing calculator 
 This spreadsheet (Holmes, 2007b) determines the number of silo bags and the pad size 
needed to store them for three hay-crop silage qualities, corn silage, and high moisture ground 
shelled corn. The user enters the following data:  quantity of DM fed to the herd each day for 
each feed ingredient, DM density, bag diameter, bag length, storage period, distance between 
bags, pad buffer length on the ends of each bag and the DM loss. Output of the spreadsheet 
includes: number of bags for each forage/feed type, quantity of feed DM placed into storage and 
that removed, and storage pad dimensions.  
Bunker silo density calculator 
 Packing bunker silos to achieve high bulk density is important to limit the silage porosity 
and subsequently the penetration of oxygen into the silage (Holmes and Muck, 2007a). Also, the 
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higher the density, the greater is the storage capacity of the silo. Thus, higher densities generally 
reduce the annual cost of storage per tonne of crop by both increasing the amount of crop 
entering the silo and reducing the loss of nutrients during storage and feedout. Holmes (2006a) 
summarizes some of the research and field trials related to density achieved in bunker silos and 
drive-over piles. Some of the field trial findings are: 1) DM density is greater near the bottom of 
the silage than toward the top. 2) DM density is lower next to the wall than in the center of the 
bunker or pile. 3) Average DM density is higher for hay-crop silage than for corn silage. 4) 
Increasing packing tractor weight, number of packing tractors and reducing layer thickness result 
in increased DM density.  

One practical issue is packing time relative to crop delivery rate. Assuming one packs 
continuously with one tractor throughout filling, packing time per tonne  (1 to 4 min/t fresh 
basis) is high under low delivery rates (<30 t fresh/h) and declines with increasing delivery rate. 
This result suggests producers using high capacity forage harvesters need to pay particular 
attention to their packing practices. If a satisfactory density is not being achieved, a silage team 
can select one or more of the following options to increase bulk density: a)  Reduce delivery rate 
of forage to the bunker or pile; b) Increase depth of forage in the bunker or pile; c) Decrease DM 
content by allowing a shorter crop field-wilting time; d) Increase average tractor weight by 
adding more weight to each tractor or replace existing tractors with heavier tractors; e) Add more 
packing tractors or use heavier rather than lighter tractors so the average weight is not reduced 
when adding a tractor; f) Reduce packing layer thickness; g) Pack for additional time. 
Items a. and b. are difficult to accomplish if the harvest and storage are currently being pushed to 
the limit and the storage is already sized. Items c. to g. are more often within the control of the 
producer and silage team. When the delivery rate to the bunker or pile is quite high, additional 
packing tractors will be needed. In a well-packed bunker or pile, all tractor tires  pass over the 
entire packing layer surface at least once. Because density near the bunker silo wall is frequently 
lower than toward the interior, pack tractor operators should make additional passes near the 
walls. 

A spreadsheet (Holmes and Muck, 2007a) was developed to guide silage teams as they 
consider how to increase bulk density in bunker silos. User provided inputs include: bunker wall 
height and peak height, harvest rate, forage DM content, tractor weight, packing layer thickness 
and percent of filling time each of up to four tractors spend packing. Outputs of the spreadsheet 
include: an estimate of bulk and DM density following the filling and fermentation phases, 
maximum achievable bulk and DM density and porosity. Silage teams can use this spreadsheet to 
try some “what if” scenarios by changing the input variables over which they have control to 
attempt to reach a desired density and porosity. A similar spreadsheet (Holmes and Muck, 2008) 
can guide silage teams as they consider how to increase bulk density in drive-over piles.  

Figure 4 was developed using a modified version of the spreadsheet for calculating 
average density in a bunker silo by Holmes and Muck (2007a). From Figure 4, it is apparent 
porosity increases with harvest rate and increasing forage DM content. To keep porosity below 
0.4, multiple heavy tractors and lower forage DM content are needed when the harvest rate is 
high. 
Calculator to determine length of a bunker silo or drive-over pile floor to achieve a given 
forage layer thickness 

Recommendations for many years have included distributing forage in thin layers before 
packing. Preliminary research by Muck and Holmes (2007) has not confirmed the value of thin 
layers when packing time per tonne is kept constant. However, when a given weight of forage is  
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Figure 4. The relationship between porosity, harvest rate, and forage DM content  
 
distributed in thin layers, each pass of the packing tractor results in more packing time per tonne 
when the layer is thin than when the layer is thicker. A spreadsheet is length of floor needed to 
achieve a given layer thickness when filling bunker silos and drive-over piles (Holmes 2006b). 
The user enters: average bunker or pile fill height and width, desired unpacked forage layer 
 thickness, unpacked forage DM density, and transport truck or wagon dimensions. Consider this 
example for determining the length of the filling slope when one load is pushed onto the filling 
slope at a layer thickness of 0.15 m: 
 
Example 1 

Assume: 
Weight per load = 6804 kg DM/ load = 6.8 tonne/load 
Forage density on filling slope = 80.1 kg DM/m3 
Forage DM = 32 % 
Packing layer thickness = 0.15 m   
Tractor width = 3 m 
Bunker height = 3.7 m 
Bunker width = 12.1 m 
Packing speed = 4.8 km/hr 
Tire width per trip = 0.5 m/trip  
Packing area = (6804 kg DM/80.1 kg DM/m3) / (0.15 m) = 566 m2 

Length of packing surface = 566 m2/12.1 m = 46.8 m (Figure 5) 
Packing Trips = (12.1 m -3 m)/0.5 m/trip = 18 trips per pass across the packing surface 
Total packing length = 46.8 m/trip x 18 trips = 842 m 
Time/pass = 842 m/4800 m/hr = 0.18 hr = 10.5 min = 10.5 min/load 
Packing time per tonne = 10.5 min/load/6.8 t DM/load = 1.55 min/t DM= 0.5 min/t AF 
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Figure 5. Cross section of progressive filling wedge for Example 1 

 The more conventional recommendation is to use a 3:1 progressive wedge filling slope. 
In Example 2, a filling slope ratio of 3:1 is used and the remaining assumptions of Example 1 are 
used. The resulting layer thickness and the time spent packing that layer for one packing pass is 
developed in Example 2. 
 
Example 2  

Assume:  
Length of packing surface = 11.6 m 
Layer thickness = (6804 kg DM/80.1 kg DM/m3)/(12.1 m x 11.6 m) = 0.61 m 
Total packing length = 11.6 m/trip x 18 trips = 208.8 m 
Time/pass = 208.8 m/4800 m/hr = 0.044 hr = 2.6 min = 2.6 min/load 
Packing time per tonne = 2.6 min/load/6.8 t DM/load = 0.38min/t DM= 0.12 min/t AF 

By selecting the longer filling slope of Example 1, the layer thickness becomes about one fourth 
that of Example 2, and the packing time per tonne becomes four times larger.  
 
How much value can be saved by implementing good silage management practices? 

The answer to this question depends on current practices. If a producer and silage team 
can be viewed as doing a moderate job of silage management, some savings can be obtained. If 
on the other hand, large improvements in silage management are needed, much greater savings 
are possible. To help address this issue, a spreadsheet is available (Holmes, 2008b).  
 
CONCLUSIONS 

This paper introduced the concept of the “silage triangle” and the importance of effective 
communication among the members of the silage “team”. Several silage management 
recommendations and decision-making tools available to the silage industry were presented, 
including: safety; harvest rate; packing and sealing technologies for bunker silos and drive-over 
piles; silage feedout techniques, and software for sizing and managing bunkers, piles, and bags. 
Regarding safety, it is best to take steps to eliminate or control hazards in advance than to rely 
upon yourself or others to make the correct decision or execute the perfect response when a 
hazard is encountered. Only experienced people should be permitted to operate equipment 
associated with harvesting, filling, packing, sealing, and feeding in a silage program. The ability 
to harvest forage quickly has put pressure on the filling process and made it more difficult to 
achieve high density silage. Producers should be prepared to increase tractor weight, add more 
tractors, and increase the packing time per tonne. The availability of oxygen barrier film and 
improved sealing techniques has made it possible for a silage team to virtually eliminate visible 
surface spoilage in bunkers and piles. Correct sizing of bunkers, piles and bags for increased 
feedout rates, achieving high bulk density, and using proper face management techniques can 

0.15 m layer Filling Ramp Cross  
S ti

3.7 m 

46.8 m 

46.25 m 

12.5 
1 



 

XVth International Silage Conference Proceedings 75 

significantly reduce DM and nutrient losses during feedout. Spreadsheet software is available to 
assist producers and silage teams to better design and manage bunker silos and drive-over piles. 
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INTRODUCTION 

This 15th International Silage Conference and the first one in the U.S., where I (GP) have 
the chance to speak about aerobic stability (AS), is already the 10th meeting of this series that I 
have attended during my active research career. Most of the relevant discoveries in this field 
have been made during this time span, and nearly all of these new findings have been reported 
previously at one of the silage conferences before being published elsewhere. In this way they 
have provided a highly efficient “vehicle for the rapid transfer of information and ideas between 
researchers involved in this area” (Wilkins, 1996). 

During my work with an outstanding team of colleagues and excellent technical facilities 
at the former Grassland Institute in Braunschweig, I have spent a good deal of my time on this 
important silage trait. Consequently, as a form of contemporary witness and with access to all 
proceedings since 1972, I would like to give my personal review on selected aspects of aerobic 
stability that have significantly increased our understanding of the principles and clarified, at 
least in part, the complex process of aerobic deterioration. However, where it seems appropriate I 
would like to point out some remaining, outstanding challenges for research, which hopefully 
will inspire some amongst our younger scientists who still have some time to pick up the pieces 
of this puzzle. Finally I will try to draw conclusions concerning management practices for 
improved aerobic stability. I will approach this review in a generally chronological order, 
oriented at the most relevant landmarks of this topic and with special reference to facts presented 
and discussed at the 14 previous silage conferences. 
 
AEROBIC STABILITY AT PREVIOUS CONFERENCES 

The 1st meeting in Edinburgh, in those days called the “Silage Seminar,” was held in 
1970 without formal protocol and exclusively for individuals from the British Isles.  
2nd Silage Conference (1972) Hurley 

At least 12 leading silage researchers from Continental Europe were invited to attend this 
second gathering. Microbiological aspects of the first meeting focussed on the conditions 
conducive to clostridial fermentation, and aerobic stability was barely mentioned. However at the 
second conference, my predecessor in Braunschweig, Fritz Weise, had a paper on the “Role of 
yeasts in fermentation and heating process in silage”. He presented the state of knowledge in 
Germany with new findings from his own and related research work performed by his fellow 
colleagues Beck and Groß in Munich. Honig and Zimmer outlined the crucial role of oxygen on 
losses during silage production and developed the first systematic approach for controlled air 
challenge treatments of lab-scale silages. Schukking from The Netherlands and Woolford started 
the never-ending succession of papers on silage additives (first chemical but increasingly 
biological additives) designed to combat a selection of, so far, 38 potential spoilage organisms, 
including bacteria, yeasts and molds. Cook gave a paper on the “Stability in aerobic conditions 
of silages made with different additives”. Peter McDonald chaired this session. 
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3rd Silage Conference (1974) Edinburgh 
Woolford’s contribution focussed on inoculants containing lactic acid bacteria (LAB), 

clostridia or their mixtures, dealing mainly with their effect on pH. Honig reported on daily 
losses during unloading (Table 1), providing also advice on how to adapt silo size and unloading 
rate to the number of animals fed. He presented the first figures about the impressive magnitude 
of total aerobic dry matter (DM) losses ranging between 5 and 15%, but occasionally as high as 
30% in affected areas.  
 
Table 1. Temperature rise and losses of unstable silages of different DM contents during oxygen 
exposure 

Temperature rise above ambient 
5°C 10°C 15°C 20°C 25°C 

DM 
content of 
the silages Daily DM losses (%) 

20% 1.6 3.2 - - - 
30% 1.2 2.3 3.5 - - 
50% 0.7 1.5 2.2 2.9 3.7 

 
Cook talked about the effect of propionic acid in improving the stability of maize silage. 

Mrs. E. Mann gave a demonstration of her apparatus called a THERMOLOG. This was a 
recording thermister that could continuously monitor 14 silage samples compared with a 
reference over the deterioration period.  
 
4th Silage Conference (1976) Hurley 

Woolford attempted to 
unravel the crop-specific role of 
different groups within the silage 
microflora in initiating aerobic 
deterioration. To this end he treated 
mature grass and maize silages 
separately or together with antibiotics, 
either antimycotic or antibacterial. 
The latter contained a cocktail of 6 
different ingredients, such as 
chlortetracycline, chloramphenicol, 
streptomycin B, etc., a mixture 
completely unacceptable today under 
‘safety at work’ rules, and protective 
gloves used during mixing were still 
a foreign word. The treated silages 
were stored at 20°C ambient and 
changes in temperature as well as the 
microbial populations [LAB, 
proteolytic bacteria (bacilli), 
coliforms, yeasts and molds] were Figure 1. Historic experimental equipment, designed by  

Honig, for measuring heating and aerobic losses in silages. 
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closely followed. He concluded that bacteria play a significant role in aerobic deterioration and 
that yeasts tend to follow in the wake of bacteria. These studies he continued during a sabbatical 
in what would become my microbiological lab in the silage unit at the Grassland Institute in 
Braunschweig right before Professor Zimmer hired me nearly 32 years ago in September 1977.  
5th Silage Conference (1978) Ayr 

Crawshaw and Llevelyn reported on an investigation of the stability of grass and maize 
samples taken from the silo face on several farms. They measured the production of CO2 from 
microbial activities by absorption in KOH solution and pH titration with HCl, calculating DM 
losses via the respiration formula. They found that most grass silages were much more stable 
than maize silages. In an attempt to assess the relevance of their lab technique to farm practice, a 
parallel study was performed on one farm, in which the in situ deterioration was monitored by 
use of a box attached to the silo face. Both methods recorded considerable CO2 production, but a 
corresponding pH rise occurred only in the small lab sample.  
6th Silage Conference (1981) Edinburgh 

Pahlow gave an overview of a new technique for the estimation of aerobic stability of 
silages by measuring their biochemical oxygen demand (BOD) (Table 2). The method was 
derived from technology developed for water analyses in sewage plants. Its main advantages are: 
1) the automatic online measurement of the true oxygen consumption instead of CO2 production, 
2) the direct display of the BOD in mg oxygen, facilitating the calculation of DM losses and 3) 
high accuracy. This method was used in combination with the specific antibiotic treatments of 
Woolford (described above) to recheck which microbial group initiates aerobic deterioration in 
grass and maize silages. In grass silages good stability was achieved by the antimycotic 
treatment alone through inhibition of yeasts. In maize silage neither the antimycotic nor the 
antibacterial compound could prevent spoilage if added separately. Only the combined 
application could control spoilage, indicating either yeasts or bacteria could initiate aerobic 
deterioration in maize silage.  
 
Table 2. Biochemical Oxygen Demand (BOD), pH and microbial counts (log10 cfu/g FM) in 
grass and maize silages, treated with specific antibiotics, after 6 days of aerobic exposure  
  Grass silage Maize silage 
 Relative  Log Log Relative  Log Log 
Treatment BOD pH yeasts bacteria BOD pH yeasts bacteria 
Control 100 8.2 7.9 5.7 100 7.3 8.6 8.2 
Antimycotic 5 4.1 5.0 5.9 84 7.3 5.9 8.6 
Antibacterial 74 8.3 7.8 4.3 71 7.2 8.5 4.4 
Antimycotic + 
Antibacterial 4 4.0 4.7 4.5 14 3.9 5.5 6.2 

 
7th Silage Conference (1984) Belfast  

Seale and Henderson compared the effect of inoculation with homofermentative and 
heterofermentative LAB (hoLAB and heLAB) in low DM grass and clover silages (235-246 g 
DM/kg). A single-strain inoculant of Lactobacillus plantarum was superior to a mixture of 
heLAB in terms of faster pH drop and a more efficient use of water soluble carbohydrates 
(WSC). Yeasts dominated in those silages where butyric acid production had been prohibited by 
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L. plantarum. Pahlow reported on the positive effect of the same L. plantarum strain by reducing 
lactate-assimilating yeasts (LAY) and aerobic losses via triggering acetic acid production in 
wilted grass silages (380-410 g DM/kg) prepared with a daily oxygen infusion up to 150 mg/kg 
DM. At a higher infusion rate (220 mg O2 kg/DM per d) the inoculated silages became unstable. 
Without air challenge the hoLAB produced only the expected small amounts of acetic acid. 
Lindgren found in laboratory-, pilot- and full-scale experiments that yeasts caused initial 
deterioration and at later stages bacilli became involved, especially at temperatures above 40°C. 
He located the main microbial activities during deterioration within the surface layer (0-5 cm) 
using adenosine triphosphate as a marker. Vreman and Bosma presented studies on heating 
losses in blocks of high DM grass and maize silage cut from silos as affected by chop length and 
consolidation. These data were complemented by an intake trial with dairy cows and underscored 
the importance of the best possible ensiling practices, from silo filling through feed-out. 
8th Silage Conference (1987) Hurley 

Spoelstra et al. investigated the specific role of acetic acid bacteria (AAB), genus 
Acetobacter, in initiating aerobic instability, especially of maize silages. These silages often 
contain considerable amounts of ethanol, the substrate preferred by AAB for oxidation to acetic 
acid (Figure 2). After depletion of ethanol, the acetic acid as well as lactic acid can be further 
metabolized to CO2 and water, causing a dramatic increase in pH. In most cases AAB occur 
together with yeasts, which dominate after inhibitory concentrations of acetic acid have been 
removed in the second oxidation step by AAB. However, at least three questions still remain: 
1. Which factors govern the competition between AAB and yeasts? 
2. How and where do the obligately aerobic, non-spore forming AAB survive the anaerobic 

environment of perfectly sealed silos?  
3. Why does selective inhibition of yeasts increase the proliferation of AAB in silages? 

 

Figure 2. Changes in chemical composition of maize silage exposed to air (Spoelstra et al., 1988) 
 

Holden and Blackburn, working with gamma-irradiated, sterilized silage, provided 
supporting evidence that yeasts are instigators of aerobic deterioration. O’Kiely and Muck 
investigated aerobic deterioration in farm samples of alfalfa and maize silages. Alfalfa silages 
were usually stable while maize silage deteriorated rapidly. Heavy inoculation with spoilage 
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yeasts did not destabilize stable alfalfa silages. This experiment as well as in vitro tests on malt 
extract agar indicated that yeast inhibitors, not present in the fresh crop, were produced during 
the ensiling of legumes. Again at least one important question remains still to be answered in this 
context: What are the inherent characteristics of alfalfa silage that confer it with aerobic stability 
and allow that stability to be partially transmitted to a 50:50 mixture of alfalfa silage with 
unstable maize silage (Figure 3)? 

Figure 3. Patterns of change in yeast count in maize and alfalfa silage exposed to air (O’Kiely 
and Muck, 1992) 
 

Billington et al. attempted to elucidate the relationship between consolidation and aerobic 
deterioration by an elaborate experiment with two silos and a 5-ton static load on one of them. 
However the expected effect of bulk density on stability was masked to some extent because 
both silages contained 9-11 g butyric acid/kg, limiting aerobic losses. Honig provided valuable 
technical data about the influence of forage type, DM content, chop length and consolidation on 
gas exchange and losses in silos. Gas flow rates below the target value of 20 L/h per m2 in 
silages could be attained by achieving densities between 225 (grass) and 265 (maize) kg DM/m3. 
9th Silage Conference (1990) Newcastle  

Selmer-Olsen investigated enzyme effects on aerobic stability. Glucose oxidase delayed 
the start of heating slightly better than commercial enzymes from Trichoderma spp., which 
increased concentrations of acetic acid. Stability was related to LAY populations. Brookes 
described a method for the determination of AS, using infrared (IR) gas analyses of 
metabolically produced CO2 in a humidified air stream over 5-7 days. She also took counts of 
yeasts. Numbers > 5 log cfu/g FM and concentrations > 500 ppm CO2 in the exhaust gas were 
indicators of aerobic deterioration. Investigating a bacterial inoculant in bale silages (256, 413 
and 529 g DM/kg), Weddell found that low DM bales were the most aerobically stable. At higher 
DM contents stability declined with storage time irrespective of inoculant treatment. 
Deterioration was associated with a rise of LAY. Spoilage in the top meter of uncovered 
horizontal silos with whole plant maize in western Kansas was studied by Dickerson et al. using 
ash content as an internal marker. Careful covering reduced OM losses in the top 50 cm from 
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410 g/kg to 270 g/kg compared to samples greater than 2 m from the top. A laboratory model 
using 208 L drums confirmed the farm scale findings. 
10th Silage Conference (1993) Dublin  

Spoelstra and Courtin reported on a seemingly rather academic experiment. They added 
ethanol (up to 1.5%) to maize silage and measured stability, fermentation products and numbers 
of LAY and AAB. Because ethanol repressed the enzymes needed for acetic acid oxidation, a 
temporary accumulation of acetic acid of up to 29 g/kg silage occurred, effectively inhibiting 
yeasts. Consequently in presence of high levels of ethanol (13 g/kg silage) the LAY decreased 
sharply, slowing the process of aerobic deterioration.  

In trials with well-preserved farm-scale maize silage re-ensiled in PVC tubes, Muck and 
Pitt studied the progression of aerobic deterioration relative to the silo face. Heating started 
within one day initiated most often by AAB but also by yeasts in two trials. Secondary heating 
was related to a rise in Bacillus spore counts. Pahlow and Honig determined the DM losses that 
occur during storage and unloading of grass and maize silages and their reduction by different 
types of silage additives. For the prevention of in-silo losses the chemical additives performed 
best in difficult-to-ensile crops, containing between 15 and 25% DM. Inoculants were most 
effective in crops containing between 20 and 35% DM. Above 40% DM the efficacy of both 
types of additives faded. After removing silage from a silo, propionic acid was effective at 
inhibiting LAY in grass silage. However a wider spectrum of active ingredients was required for 
reliable aerobic stabilization of maize silage because of the mixed flora capable of initiating 
deterioration. Williams et al. presented a three dimensional model of aerobic stability in silos, 
utilizing earlier microbial models predicting the development of yeasts and AAB and modelling 
gas movement by convection. This reasonably predicted heating in aerated silage. 
11th Silage Conference (1996) Aberystwyth  

In his review paper on ‘New developments in crop conservation’ Weißbach referred to a 
comprehensive study by Wolthusen et al. (1989) (Figure 4). Her very large data set, showing the 
effect of undissociated acetic acid on silage stability, allows a very useful estimate of possible 
yeast inhibition by volatile fatty acids. Undissociated acetic acid concentrations > 8 g/kg FM 
resulted in stable silages while < 3 g/kg FM corresponded with instability. The range between 
both limits is uncertain. 

Moran et al. compared two methods of evaluating aerobic stability. Method one, 
developed by Ashbell et al. (1991), measured CO2 production as trapped in KOH. The second 
method, using the principles of Honig (1990), monitored temperature rise of silage in insulated 
containers. Both methods showed some agreement between total CO2 production and 
accumulated temperature; however, the correlation coefficient was not as high as might be 
expected. Honig et al. compared the effects of LAB with and without added formate and 
benzoate under farm conditions. The pH values, fermentation profiles and quality scores (100 = 
very good) of the additive treatments reflected their favorable effect on silage quality (Table 3). 
The high AS of the control was caused by the butyric acid content. Stability was reduced by 50% 
because the inoculant decreased butyric acid production. Benzoate delayed aerobic deterioration 
by its antimycotic effect. 
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Figure 4. Risk of aerobic instability as influenced by acetic acid and pH value 
 
Table 3. Effect of LAB with and without formate and benzoate on grass silage characteristics. 
Parameter Control LAB LAB+CH LSD 5 
pH 4.3 4.1 4.0 0.07 
Lactic acid (g/kg DM) 64 82 90 7.4 
Acetic acid (g/kg DM) 11 10 8 2.0 
Butyric acid (g/kg DM) 21 6 2 3.1 
Quality score (DLG-Points) 60 87 98 5 
Stability (Days) 5.6 2.2 4.1 2.4 
 

A very promising discovery was presented by Driehuis. He and his colleagues had 
isolated a strain of Lactobacillus buchneri, which in maize silage converted part of the lactic acid 
into other products, notably acetic acid and to a lesser extent propionic acid. Yeasts counts were 
below the detection limit, and AS was extended to more than 30 days. The strain also improved 
the stability of grass and wheat silages, but lower acetic acid levels suggested another stabilizing 
mechanism. 
 
12th Silage Conference (1999) Uppsala, Sweden  

Driehuis, Oude Elferink and their colleagues reported about continued work on L. 
buchneri. Elevated levels of acetic acid did not affect intake and milk production in dairy cows. 
In a second paper they presented the anaerobic degradation pathway from lactic acid to 1,2-
propanediol, which is characteristic of L. buchneri. Kung et al. worked with L. buchneri, 
comparing it to homofermentative inoculants containing propionic acid bacteria (PAB). The best 
improvements in stability were achieved with a high inoculation rate (106 cfu/g FM) of L. 
buchneri alone. PAB were ineffective. Mayrhuber et al. compared the potential of 
homofermentative and heterofermentative strains of Lactobacillus. With the latter AS was 
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extended by 52 h over untreated silage due to higher acetic acid production, 51 vs. 11  
g/kg DM in the control. Pessi and Nousiainen investigated the effect of fermentation quality on 
AS of 338 direct cut or slightly prewilted grass silages. The well fermented ones were most 
prone to deterioration, but no silage parameter reliably predicted AS. Honig et al. presented data 
on how AS and factors such as weekly unloading rate and depth of air penetration affect the net 
energy of silage in a medium sized silo with silages of 35% DM content (Table 4).  
 
Table 4. The effects of unloading rate, depth of air penetration from the silo face, and aerobic 
stability of silage upon exposure to air on silage temperature and net energy of lactation  

Temperature rise  
above ambient at 
unloading (°C) 

Reduction of Net 
Energy of Lactation 

(MJ/kg DM) 

Losses of Net 
Energy of Lactation 

(%) 
Aerobic stability (d) Aerobic stability (d) Aerobic stability (d) 

Weekly 
unloading  
rate from 

silo 
(m) 

Air 
pene- 
tration 
depth 
(m) 1 3 7 1 3 7 1 3 7 

1 1 23 16 0 0.40 0.16 0.00 16 8 0 
 2 27 27 27 1.00 0.90 0.50 38 34 21 
2 1 11 4 0 0.07 0.00 0.00 4 1 0 
 2 23 16 0 0.35 0.16 0.00 16 8 0 
3 1 4 0 0 0.00 0.00 0.00 1 0 0 
 2 14 5 0 0.13 0.05 0.00 7 2 0 

 
13th Silage Conference (2002) Auchincruive, Scotland  

Driehuis et al tested their strain of L. buchneri alone or in combination with hoLAB in 
grass silages made at laboratory and farm scale. L. buchneri had the expected positive effects on 
acetic acid, LAY and AS whereas the hoLAB produced a faster decline to a lower pH in the 
initial fermentation stage. In the latter silages 1,2-propanediol was slowly replaced by propionic 
acid and 1-propanol. However, this process was not obligatory. It depended on the occurrence of 
a 1,2-propanediol degrading species. Krooneman et al. (2002) provided evidence that 1,2-
propanediol is a substrate for a newly described species, Lactobacillus diolivorans, which can 
metabolize 1,2-propanediol forming 1-propanol and propionic acid. The latter further increases 
AS due to its antimycotic properties. Nishino et al. inoculated maize with L. buchneri isolated 
from a by-product silage. The strain produced up to 49 g 1,2-propanediol/kg DM, which was not 
further metabolized during 120 d storage. The authors emphasized the point that substantial 
amounts of this fermentation product are consumed by ruminants when fed this silage. 

Tobacco and Borreani presented farm-scale studies with deteriorating maize silages, 
underscoring the importance of coupling high feed-out rates with careful silo management in 
order to control aerobic deterioration. Skyttä et al. presented their ‘hurdle technology’ against 
spoilage yeast. A combination of L. plantarum with benzoate and sorbate, alone or in 
combination, was successful in preventing the growth of several LAY in vitro. Owen reported on 
a hybrid product combining L. plantarum with potassium sorbate. The LAB were formulated to 
prohibit losses in viability when applied as a liquid mixture from one tank. In 13 experiments 
with cereal and maize silage, AS was significantly improved by the single-pack product. Müller 
investigated higher densities and additives as possible solutions to avoid excessive molding of 
grass silage and haylage made in small square bales. Maximal densities of 155 kg DM/m3 alone 
had no effect on stability, but chemical or combined additives effectively reduced mold growth 
during open storage. Finally, regarding the unacceptable situation (even here in the U.S.) of not 
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covering bunker silos (Uriarte-Archundia et al.), one memorable figure referred to by Muck and 
O’Kiely should be seriously taken to the heart. Farmers can receive upwards of an 8:1 return on 
investment for doing this fundamental job. That’s no doubt well-spent money! 
14th Silage Conference (2005) Belfast 

Seven papers reported on the use of L. buchneri. These studies confirmed the mode of 
action, strengths and limitations of L. buchneri. In general the efficacy of L. buchneri at 
improving AS depended on a sufficient inoculation rate (105 cfu/g FM), application to crops of 
not too low DM content (> 28% DM), enough storage time (> 6 wk) and reasonable fermentation 
quality (i.e., without butyric acid) (Szucs and Avasi; Bach et al.). No major negative effects of 
the increased acetic acid content on animals and milk yields were recorded (Ruser and 
Kleinmans). A series of 3 papers (O’Kiely et al., Howard et al.) presented data on perennial 
ryegrasses, bred for contrasting sugar contents, with respect to wilting and the use of different 
silage additives. The most consistent improvements of AS were achieved with formic acid, L. 
buchneri and a chemical containing benzoate and propionate, especially in combination with 
wilting. In a screening for additives that can avoid molding in whole crop rice silage, Nishino 
and Hattori investigated an L. buchneri strain that decreased pH and concentrations of ethanol 
and 2,3-butanediol during storage up to 12 months. 

The frequently asked question whether high concentrations of unfermented, residual 
sugars (WSC) inevitably increase the risk of aerobic deterioration in silages was tackled by 
Pahlow et al. using results from a joint EU-funded project (“SweetGrass”). They found that 
completely stable silages could be produced irrespective of silage WSC content, ranging from < 
5 to > 100 g/kg DM, provided they were ensiled perfectly gastight. On the other hand, if silages 
received defined oxygen challenge treatments 4 and 6 weeks after ensiling, all of the silages 
regardless of sugar content became unstable after 1.5 d on average. However, in certain 
situations elevated residual sugar levels (> 100 g/kg DM) may have a positive effect on stability 
(Martens et al.). This occurs when such sugars are metabolized to lactic and acetic acids by LAB, 
maintaining a low pH at least during the first days under oxygen influence. 

Driehuis and te Giffel identified moldy spots within the surface area of maize silages as 
main sources of clostridial spores on dairy farms in The Netherlands. They hypothesized that 
clostridia grew in anaerobic areas of aerobically deteriorated layers of corn silage. Their finding 
is in agreement with Kwella and Weißbach (1991) who reported a similar observation in grass 
silage, where yeasts had paved the way for clostridia in the outer 20-30 cm adjacent to the silo 
wall or below the upper surface.  
 

SUMMARY AND CONCLUSIONS 
Aerobic deterioration or spoilage of silage is the result of aerobic microorganisms 

metabolizing components of the silage using oxygen. In the almost 40 years over which these 
silage conferences have been held, we have come to recognize the typical pattern of aerobic 
microbial development by which silages become aerobically unstable. Most often lactate-
assimilating yeasts utilize lactic acid and raise pH allowing other aerobic microorganisms such 
as bacilli to flourish. In the case of maize, acetic acid bacteria may initiate deterioration, and in 
alfalfa silages, their higher pH values may allow bacilli to initiate spoilage. We also know that a 
good silage fermentation (i.e., low pH, high lactic acid and modest amounts of acetic acid) helps 
to slow the growth of the initiators of aerobic deterioration. However, it does not prevent their 
growth. The primary key to controlling the growth of the aerobic spoilage microorganisms is the 
degree of oxygen exposure. The following scheme (Figure 5), originally drafted by Zimmer, 
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shows that nearly every element of the multifactor process of aerobic deterioration is either 
directly or indirectly affected by air.  
 

 

The numerous mechanical treatments from harvesting/conditioning to filling and packing 
influence the physical properties of the plant material, which determine its compactibility and the 
resulting resistance to gas flow. With higher DM content, the same set of filling and packing 
practices leads to a more porous silage. Decreasing chop length or kernel processing may counter 
the effects of high DM content. Labor capacity, one of the most important management factors, 
has an impact on filling speed as well as consolidation and thus the duration of crop exposure to 
oxygen prior to ensiling. Climatic factors, such as changes in temperature, affect both the 
dynamics of the fermentation process and the tightness of sealing materials, especially if they 
have to act reliably over extended storage periods. This holds true for all silo types.  

During silage storage, there are two sources of oxygen: that trapped in the silo at sealing 
and gas exchange during storage and unloading. After sealing, the residual amounts of oxygen 
trapped within the air voids between silage particles are soon exhausted. Larger volumes of 
trapped air, as caused by, e.g., mature hollow stems or inadequate consolidation, do not cause a 

Figure 5. Effects of air on silage. 
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substantial increase in losses at the beginning of ensiling. However, there is the risk of 
immediate air penetration deep behind the face when opening such a silo. 

The second source of oxygen supply by gas exchange should consequently attract all our 
attention. To reduce the flow of CO2 from the silo and its replacement by atmospheric O2 down 
to the technically possible minimum of 20 L/h per m2, the packing operation has to be optimized. 
In bunker or pile silos this requires a well-coordinated delivery of crop to the silo, an even 
distribution of silage crops in layers of preferably 15 cm thickness or less, and one or more heavy 
packing tractors dependent on harvest rate as discussed in the immediately preceding invited 
presentation. The combination of a well-packed silo along with an effective seal during storage 
minimizes the flow of oxygen into the silo. Only if this can be achieved is there a fair chance 
from the very beginning to avoid respiration and heating in favor of a desirable fermentation and 
stabilization. 

Only after meeting all these demands should one consider the strategic use of a suitable 
silage additive for the improvement of AS. The choice of preparation should fit the target crop, 
DM content, harvesting and application technique, and last but not least the mode of action--at a 
reasonable price. 

In the end, we can only manipulate the succession of microflora according to our 
intentions and minimize aerobic spoilage and losses in general when we pay attention to more 
than one factor. It is the breadth of factors that we call silage management that work together in 
concert to provide the aerobic stability that we desire in our silages (Woolford, 1984). 
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Introduction Wilted grass has to be compressed in drive over piles in order to achieve a high 
quality silage. The compression process is often a bottleneck to making quality silage because 
compression vehicles often cannot adequately compress the forage mass due to the high rate at 
which forage is supplied during harvesting. An increasing number of farmers use compactors 
with vibrating roller drums to achieve a higher compression effect. The aim of this project was to 
identify and assess the influence of technical parameters such as compression pressure, rolling 
frequency and vibration of compression bodies on the density of the silage. 
 

Material and Methods On the bases of a servo-hydraulic material testing system, a compression 
test station was developed. Forage was compressed in a cylindrical press top with 310 mm 
diameter and 450 mm height. The servo-hydraulic system is featured with a programmable 
control unit which was used to adapt the force-displacement characteristics of the press plunger 
in order to reproduce a quasi static compression and vibrating compression cycles (Figure 1). 
The vibrating compression cycles were carried out with (1) 29 Hz frequency similar to common 
compactors and by contrast (2) 5 Hz as a lower frequency. The compression tests were carried 
out with wilted grass with dry matter (DM) contents of 24 % and 32 %. The wilted grass material 
was chopped to particle lengths (PL) of 4, 9 and 17 mm. Compression vehicles with different 
weights were simulated by maximum compression pressures of 1, 2 or 4 bar. If the press top was 
filled with material, a compression cycle was repeated 6 times in order to simulate 6 passages of 
a vehicle with two axles. All tests were done with a single iteration 
 

Results The first compression cycle resulted in the highest compression effect. The density 
increased with every following compression cycle, but at a decreasing rate. This result confirms 
with those of Muck et al. (2004). After 6 compression cycles, the final densities after recovery 
show only small differences between quasi static and vibrating compression (Figure 2). The 
vibrating compression cycle often achieved a slightly lower final density than the quasi static 
cycle. This is caused by the lower average compression force of the vibrating compression. The 
higher frequency of 29 Hz did not result in a higher density in comparison to compression with 
the 5 Hz frequency. The frequency of compression seemed to have no influence in case of elastic 
material like wilted grass.In contrast to these results, farmers have reported that vibrating 
compacters achieve a higher compression performance than conventional wheel vehicles 
(Haebler 2008). Based on our results it became clear that the higher compression effect is not 
caused by the oscillating movement of the roller drums. The increased press force is a result of 
the centrifugal force of the vibrating roller drums which can be several times higher than the 
weight of the vehicle. 
 

References 
Muck, R. E., Savoie, P., and B. J. Holmes. 2004. Laboratory assessment of bunker silo density. Part 

I: Alfalfa and grass. Applied Engineering Agric. 20:157-164. 
Haebler, J. 2008. Silomanagement im Großbetrieb (Silage management in large farms). Neue 

Landwirtschaft 19(2008) Heft 5, S. 46-48. 



 

July 27-29, 2009 – Madison, Wisconsin, USA 92 

 
 

 
 
 
 

1.  start  
2.  first pressure build-up   
3.  high pressure level 0.5 s or oscillating    
 pressure  5 respectively 29 Hz, 0.5 s  
4.  pressure reduction  
5. time without pressure 2.5 s 
6. second pressure build-up 
7. high pressure level 0.5 s or oscillating 
 pressure 5 respectively 29 Hz, 0.5 s  
8. pressure reduction 
9. time without pressure 30 s 

 
Figure 1. Quasi static and vibrating compression cycles   
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Figure 2. Final density of wilted grass after 6 compression cycles (PL particle length; DM Dry 
matter content) 
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Introduction In North-Western Europe, silage corn hybrids can be distinguished either into 
types with different maturation characteristics (stay green and dry down) or into types with a 
different source of digestible energy (starch and cell walls) (Van Schooten et al.,2002). At a 
similar whole crop dry matter content (WCDM), stay green type silage corn hybrids (SG) have 
higher grain dry matter (DM) content and lower leaf plus stem DM content than dry down type 
silage corn hybrids (DD). This suggests a more mature cob and a less mature leaf plus stem 
fraction. Among silage corn hybrids with similar organic matter digestibility (OMD), there are 
hybrids characterized by a relatively high starch content and low fiber digestibility, the so-called 
starch type silage corn (ST), and hybrids characterized by a relatively low starch content and 
high digestible cell walls, the so-called cell wall type silage corn (CW). The objective of this 
study was to evaluate the effects of  silage corn hybrid type on fermentation losses. 
 
Materials and Methods  In 2003 and 2004, four trials were carried out at two different locations 
(Van Dijk et al.,2006). Within the variety trial, hybrids SG and DD were most contrasting in 
maturation characteristics and ST and CW were most contrasting in the source of digestible 
energy. In each trial four varieties per hybrid type were planted in two replicates. The corn silage 
was harvested at five different stages of maturity defined by WCDM. The WCDM ranged from 
240 to 400 g kg-1. The corn silages were chopped to lengths of 6-8 mm and ensiled in 15-L mini 
silos. Fermentation products and fermentation losses including effluent losses were quantified. 
 
Results and Discussion Dry matter losses, energy losses and pH value depended on WCDM, but 
at similar WCDM no differences were found between the contrasting types. Lactic acid, acetic 
acid and butyric acid content (g kg-1) were neither influenced by WCDM nor the contrasting 
types. There was a little difference in ethanol content between the contrasting hybrids (Figure 1). 
The ethanol content of DD was 0.8 g kg-1 higher than of SG (P<0.05) and the ethanol content of 
CW was 1.2 g kg-1 higher than of ST (P<0.05). There was a difference (P<0.05) in effluent losses 
between DD and SG (Figure 2), but not between ST and CW. The minimum DM content to 
avoid effluent  losses was 32,5% for SG and 31% for DD. Effluent losses of SG were higher than 
those of DD. At equal effluent losses WCDM of SG was 1.5% higher than of DD.  
 
Conclusions  The results of this study indicate that there are hardly any differences in 
fermentation losses of silage corn hybrids differing in maturation characteristics (stay green and 
dry down) and source of digestible energy (starch and cell walls). At a given whole crop dry 
matter content, effluent losses of stay green hybrids are higher than those of dry down hybrids. 
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Figure 1. Calculated relationship between WCDM at ensiling and ethanol content for two 
contrasting maturation types (DD vs. SG) and two contrasting energy types (CW vs. ST) 
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Figure 2. Calculated relationship between WCDM at ensiling and effluent losses during ensiling 
of  two corn silages with contrasting maturation types. Effluent losses as a fraction (p) of the 
total amount of silage at ensiling was analyzed with the model: Logit(p)=ln(p/(1-
p))= ijoi X*1ββ +  where β0i  is the intercept (on logit-scale) of maturation type i, β1 is the linear 
slope parameter (on logit-scale) and Xij is the value of WCDM in silo j of  maturation type i. The 
model assumes that the variance of the observed effluent losses, Y can be described by the 
variance (Y I p) = φnp(1-p). Where n is the total amount of silage in the silo. 
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Introduction Corn silage is the most commonly fed ensiled forage for dairy cattle in the 
northeastern U.S. Ensiling results in a loss of dry matter (DM), often termed “shrink”, that can 
range from < 1 to > 3.3% per month of storage (Holmes, 2006). Corn silage shrink represents an 
economic loss to the dairy producer, but there is no simple on-farm method to assess DM loss. 
The DM density of silage is inversely related to DM loss, and the work of Ruppel et al. (1995) 
has been used extensively to describe this relationship. However, this work was performed in 
haycrop silage bunkers, and the packing characteristics of haycrop silage are quite different from 
corn silage. Therefore, the objective of this study was to refine the relationship between DM 
density and DM loss in corn silage bunker silos and determine if DM density could be used to 
accurately assess DM loss in corn silage. 
 
Materials and Methods Poly-weave nylon bags (N=36) containing chopped brown midrib 
(BMR) corn were buried in a 55.5 m x 13.1 m x 2.4 m bunker silo during filling. Chopped corn 
forage subsamples were collected in plastic storage bags, sealed, and place on ice until analyzed 
for DM content. Bags were blocked by depth from the end of the bunk, 10.6 m (Front), 27.8 m 
(Center), and 44.9 m (Back), level from the silo floor, 60 cm (Bottom), 150 cm (Middle), and 
215 cm (Top), and within level, location from the east wall, 0.9 m (I), 4.7 m (II), 8.4 m (III), and 
12.2 m (IV). Upon feed-out, bags at a specific depth were retrieved as a group (n = 12), weighed 
and subsamples were placed in plastic storage bags, sealed and placed on ice until analyzed for 
DM content. Silage cores for DM density determination were obtained at each bag position using 
a Stihl gas-powered drill and a 5.08 cm ID stainless steel probe. Cores were collected into plastic 
storage bags, sealed, weighed, and placed on ice until analyzed. Core depth was measured and 
recorded. Dry matter content of chopped corn and corn silage samples was determined using a 
Koster Moisture Tester (Koster Crop Tester, Inc., Brunswick, OH). All samples were run in 
duplicate. Core DM density was determined by dividing the total core dry weight by the core 
volume, and reported as kg DM/m3. 
 
Results and Discussion Overall, DM density and DM loss for the entire bunk averaged 258 kg 
DM/m3 and 6.9%, respectively. Density was affected by level (P < 0.0001) and location (P = 
0.03). Density was 285, 270, and 217 kg DM/m3 for the bottom, middle and top, respectively. 
Density was 250 and 239 kg DM/m3 for I and IV compared to 270 and 273 kg DM/m3 for II and 
III, respectively. DM loss % was affected by level (P < 0.0001) but not location. Loss was 5.4, 
4.1 and 10.3 % for the bottom, middle and top, respectively. There was an inverse linear 
relationship (R2 = 0.41) between loss and density (Figure 1). Response surface regression of DM 
density and DM% versus DM loss (Figure 2) showed a quadratic inverse relationship (R2 = 0.69).  
 
Conclusions The results of this study suggest that using both DM density and DM % may 
provide a more accurate estimate of DM loss in corn silage bunker silos than DM density alone. 
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Figure 1. Regression of dry matter (DM) density (kg DM/m3) versus DM loss % in BMR corn 
silage from a bunker silo. Significant linear inverse relationship (R2 = 0.41). 
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Figure 2. Predicted response surface regression of dry matter (DM) density (kg DM/m3) and 
DM % versus DM loss % in BMR corn silage from a bunker silo. Significant quadratic inverse 
relationship (R2 = 0.69). 
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Introduction The bale silage technique is particularly prone to spoilage, since each ton of baled 
silage usually has 6 to 8 times the surface area in contact with plastic film compared to bunker 
silage and about half of the silage stored is within a 120 mm distance from the film cover 
(Forristall and O’Kiely, 2005). The industrial production of plastic films for bale wrapping uses 
polyethylene (PE) because of its suitable mechanical characteristics and low cost. Plastic films 
for stretch-wrap silage production are made of coextruded, linear low-density polyethylene (PE) 
and are 25 µm thick before being stretched 50% or more during application. The high O2 
permeability of PE films seems to be one of the main drawbacks of wrapped silage for long 
conservation periods (Borreani and Tabacco, 2008). The aim of this work was to compare the 
microbial and fermentation quality of high DM content alfalfa bales, wrapped with a commercial 
PE film and with two stretch films with 18- and 370-fold lower O2 permeability than PE. 
 
Materials and Methods Three trials were carried out in the 2007-08 period at the experimental 
farm of the University of Turin in northern Italy. Second, third, and fourth cuts of alfalfa were 
mown, rubber roll conditioned, spread over the whole field surface and baled within two days to 
a DM concentration of 550 to 650 g kg-1. The forages were baled in 1200 mm-diameter round 
bales and individually wrapped with 25 μm stretch films with different degrees of oxygen 
permeability (Table 1): six layers of conventional PE stretch film (PE), or 4 layers of PE-
Polyamide coextruded (SILOSTOP®) medium oxygen barrier film (MB), or PE - EVOH 
(Soarnol®) coextruded high oxygen barrier film (HB). Three bales were wrapped for each 
treatment. The bales were stored indoors on a concrete surface on their side for a conservation 
period of about 420 d. In one trial, nine supplemental bales for each film were opened at 122, 
167, and 331 d. After the conservation period, on removal of the plastic films, all visible molds 
on the bale surface were located and measured, according to Borreani and Tabacco (2008). The 
percentage of the surface affected by fungal growth was then calculated for each bale. Silages 
were analyzed for DM content, total N, pH, lactic, acetic, and butyric acids, ammonia, and 
microbiological counts of yeasts and molds, as described (Borreani and Tabacco, 2008). 
 
Results and Discussion  Both the MB and HB films reduced mold spoilage, in comparison to 
the PE film. Improving the O2 barrier of the plastic film greatly improved the silage quality in 
terms of mold development when tested for a long conservation period (Table 2 and Figure 1). A 
further reduction of O2 permeability from 400 to 19 cm3/m2/24 h reduced the surface covered by 
mold to lower than 10%. The interaction between film permeability and conservation period is 
reported in Figure 2. The HB film improved silage quality compared to MB film after 300 d. 
 
Conclusions The results indicated that the O2 impermeability of the stretch film is a key factor 
for successful ensilage of high DM content alfalfa in wrapped bale. 
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Table 1. Characteristics of the films (HB, high barrier; MB, medium barrier; PE, polyethylene) 
Oxygen permeability Plastic film1 

(cm3/m2/24 h at 1 bar and 65% RH) PE MB HB 
at 23°C,  7120 400 19 
at 50°C, 65% RH 21360 2000 45 
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Figure 1. O2 permeability of the plastic cover and 
bale surface covered by molds in the three trials. 

Figure 2. Conservation period and surface 
covered by molds. 

 

Table 2. Percentage of bale surface covered by visible molds, pH, and yeast and mold counts in 
relation to the type of stretch film utilized in alfalfa bale silages after 420 d of conservation 
Trial  Surface covered by mold (%) Bale surface (0-120 mm) 
  total side end pH Yeast mold 
I HB 7.1b 0.4b 20.6 5.40b 1.68b 0.98b 
 MB 9.4b 0.0b 28.3 5.30b 2.08b 1.10b 
 PE 23.0a 23.6a 21.9 5.54a 3.41a 2.87a 
 SE 0.038 0.047 0.054 0.033 0.285 0.198 
 P 0.002 <0.001 0.953 0.007 0.026 <0.001 
II HB 4.0b 2.4b 7.3b 5.33b 2.54 1.99b 
 MB 6.3b 5.5b 7.9b 5.26b 1.82 2.01b 
 PE 20.6a 19.8a 22.3a 5.53a 3.12 3.12a 
 SE 0.037 0.044 0.035 0.044 0.294 0.202 
 P <0.001 <0.001 0.006 0.024 0.201 0.024 
III HB 3.1c 1.9c 5.5c 5.19b 1.07b 1.43c 
 MB 10.8b 9.8b 12.9b 5.47b 1.14b 2.01b 
 PE 52.9a 58.5a 41.6a 6.83a 3.07a 3.24a 
 SE 0.083 0.100 0.061 0.201 0.232 0.170 
 P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
a,b,c Means in the same column and within trials with different superscripts differ (P ≤ 0.05); 
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INTRODUCTION 

Silage quality encompasses all attributes of silage that affect animal performance. Silage 
can comprise 10 to 90% of ration dry matter depending on the production level of dairy animals. 
Making silage offers several advantages over making hay that has resulted in a greater proportion 
of forages being conserved as silage. Conservation of forage by ensiling decreases potential 
losses due to rain damage during harvest, allows extensive mechanization of harvesting, and 
permits large quantities of forage to be harvested in a timely manner. The major disadvantage of 
ensiling forages is the loss in forage quality due to fermentation, especially undesirable 
fermentation associated with high-moisture silages, which can affect palatability. Wilting to 
reduce moisture and adding inoculants to influence fermentation have reduced many of the 
negative effects of unacceptable fermentation (Wright et al., 2000). There are excellent papers 
and reviews that discuss specific issues such as fermentation profiles, pH, or ammonia 
concentrations (Steen et al., 1998; Huhtanen et al., 2007; Krizsan et al., 2007) and aerobic 
stability (Kleinschmit and Kung, 2006) that impact silage quality. 

Changes in nutritive value (defined as concentrations of nutritionally relevant 
constituents) also affect silage quality and dairy production. The major changes in nutritive value 
during ensiling are the conversion of easily fermentable sugars and carbohydrates into VFA and 
lactic acid, and the degradation of native forage proteins into soluble proteins, amino acids, and 
ammonia. Much of the research on silages has been devoted to narrowing the difference in 
quality between the forage harvested and the resulting silage. Although ensiling can significantly 
alter it, the primary determinant of silage quality is often the initial quality of the forage at the 
time of harvest and particle fragmentation during harvesting. In addition, the variability in 
moisture and nutritive value often observed in a single storage unit can impact the optimal 
utilization of silage quality. The objectives of this presentation will be to discuss 1) the effects of 
fiber concentration and digestibility of the forages that are harvested, 2) the effects of particle 
size on the utilization of silages by dairy cows, and 3) the variability in composition of silages at 
feed-out that affects silage quality and animal performance.  
 
FIBER AND ENERGY DENSITY 

Dietary fiber is a nutritional concept. The most general definition of dietary fiber is “any 
feed or food fraction that cannot be digested by mammalian enzymes.” Because ruminants 
depend heavily on microbial fermentation in the reticulo-rumen as a mechanism of digestion, the 
general definition of fiber is too restrictive. Mertens (1989) defined dietary fiber for ruminants as 
the “indigestible or slowly digesting fractions of feeds that occupy space in the alimentary tract.” 
This latter definition essentially describes insoluble dietary fiber as it is commonly measured. 
Note that the definition of fiber is not based on chemical entities (cellulose, uronic acids, phenols 
or lignin) or plant anatomical components (cell walls). The initial effort of Van Soest (1963a, b) 
to improve fiber analysis was based on the concept of measuring lignin as the indigestible fiber. 
Essentially, acid detergent fiber (ADF) was developed as preparatory step for the measurement 
of acid detergent lignin and was never envisioned as a method for measuring fiber. A significant 
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fraction of indigestible or slowly digesting fiber, defined as hemicellulose, is dissolved by the 
acid in the ADF method. Hemicellulose is a major component of fiber in grasses, making ADF 
an inadequate method for describing fiber in these forages. Neutral detergent fiber (NDF) was 
developed (Van Soest and Wine, 1967) to more accurately measure fiber as it is defined for 
ruminants (Mertens, 1993). Although NDF is related to plant cell walls, it is not equivalent to 
cell walls because pectin, a component of cell walls, it extracted by the hot neutral detergent 
solution than contains EDTA. The amylase-treated NDF (aNDF) method was developed to 
standardize a reproducible method for measuring fiber (Mertens, 2002). The aNDF method uses 
amylase to remove starches and sodium sulfite to extract nitrogenous contaminates of fiber. 

One of the often underappreciated aspects of NDF analysis is that it partitions feeds into a 
fiber fraction with variable digestibility and a neutral detergent soluble (NDS) fraction that is 
almost completely digestible (Mertens, 1993). Due to the digestibility characteristics of NDF and 
NDS, it can be demonstrated that aNDF concentration and its digestibility (NDFD) are the main 
characteristics that affect organic matter digestibility in all feeds. This can be conceptualized and 
demonstrated most easily using a simple summative equation developed over 40 years ago (Van 
Soest, 1967). The calculations in Table 1 indicate that the typically high DM digestibility (DMD) 
of alfalfa silages is the result of low fiber concentration and not high NDFD. The NDFD of 
grasses are higher than those of legumes, but the higher concentration of fiber in grasses limits 
total DMD. The non-fiber portion of grasses (NDS) typically contributes 60% of the total 
digestibility. Corn silage is an atypical grass in which NDS contributes 70% of total digestibility 
because of high grain content. The NDS of alfalfa contributes 80% of total digestibility because 
fiber concentration is low.    
 
Table 1. Using the simple summative equation to estimate digestibility of silages 
Component Grass 

Silage1 
Grass 

Silage2 
Cereal 
Silage 

Corn 
Silage 

Alfalfa 
Silage 

aNDFa , % of DM 60.0 50.0 55.0 45.0 40.0 
Fractional NDFDb 0.52 0.64 0.58 0.58 0.46 
Digestible aNDFc, % of DM 31.2 32.1 31.6 26.2 18.6 

NDSd, % of DM 40.0 50.0 45.0 55.0 60.0 
Digestible NDSe, % of DM 39.2 49.0 44.1 53.9 58.8 

True DM digestibility, %DM 70.4 81.1 75.7 80.1 77.4 
Endogenous fecal DM excretion -12.9 -12.9 -12.9 -12.9 -12.9 
DMD1X

f, % of DM 57.5 68.2 62.8 67.2 64.5 
a Amylase-treated neutral detergent fiber 
bTypical aNDF digestibility (NDFD) 
cDigestible aNDF = aNDF X fractional NDFD 
dNeutral detergent solubles 

eDigestible NDS = NDS X 0.98, assuming 98% digestibility of NDS in corn silage is appropriate 
only when the majority of kernels are damaged or are adequately chewed by animals consuming 
silage at low levels of feed intake. 
fEstimated apparent dry matter digestibility at a maintenance level of feed intake. 
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The simple summative equation can be mathematically rearranged to show that NDF 
concentration and its digestibility are the major factors affecting total DM digestibility: 
 

DMD = NDFD*aNDF + 0.98*NDS – 12.9; 
NDS = 100 – aNDF; and by substitution in the above equation it can be derived that 
DMD = 85.1 + (NDFD - 0.98)*aNDF. 
 

The resulting equation illustrates why most regression equations relating fiber to DMD have 
intercepts that are less than 100 (because of 12.9% endogenous losses) and why the regression 
coefficient for aNDF is less than 1 (fractional NDFD is always less than the true digestibility of 
the non-fiber NDS). The equation also demonstrates why using a constant regression coefficient 
for aNDF results in less than satisfactory estimates of DMD because, in fact, the coefficient for 
aNDF is a variable (NDFD – 0 .98). One of the reasons that ADF often generates more accurate 
predictions of DMD is that its digestibility is much less variable than the digestibility of aNDF. 

More complex summative equations have been developed that fractionate NDS into 
components that may have slightly different digestion coefficients (starch, heat-damaged 
proteins) or higher energy density than carbohydrates (fats). However, these complex summative 
equations (Weiss, 1994; NRC, 2001; Shaver, 2002) often have limited impact on estimating 
forage DMD and add little to our understanding of factors affecting forage digestibility. Rarely 
do differences in digestibility of NDS or its components affect the total DMD of forages. 

It is routinely observed that fiber digestion reaches a plateau at less than 100% during in 
vitro or in situ measurements. This suggests that there is a fraction of fiber that is completely 
indigestible in the anaerobic environment of ruminal fermentation. Smith et al. (1972) and 
Traxler et al. (1998) reported that lignin is highly correlated with indigestible fiber. The 
magnitude of indigestible fiber is greater than that of lignin, which suggests that some cell wall 
carbohydrates are not digested. This observation indicates that aNDF is a heterogeneous mixture 
of indigestible and potentially digestible fiber. Indigestible fiber would be an ideal nutritive 
entity because it would have a uniform digestion coefficient of zero across all feeds. Mertens 
(2002b) suggested that partitioning fiber into potentially digestible and indigestible fractions 
might improve the estimates of DMD using simple summative equations, if the proportion of 
indigestible fiber could be measured and subtracted from total NDF. Using the observation that 
indigestible NDF is a function of lignin concentration in DM, he demonstrated that digestible 
NDF would be a linear function of NDF and ADL, but that NDFD would be a function of the 
ratio of lignin in NDF. Sometimes poor correlations are observed between lignin concentration in 
DM and NDFD, which probably occurs because of the way lignin is expressed. The result of the 
Mertens (2002) logic is that NDFD is not a linear function of lignin, but rather a linear function 
of lignin to NDF ratio. Although increasing lignin during maturation is correlated with 
decreasing fiber digestibility, the relationship between lignin concentration and digestibility is 
often lower within a given stage of maturity (Jung and Allen, 1995). This suggests that, within 
maturity, lignin may not be the only or primary determinant of fiber digestibility. However, 
recent research evaluating the reduction of lignin by knocking-out specific genes in the lignin 
biosynthesis pathway indicates that lignin definitely impacts fiber digestibility within maturity 
stages (Mertens and McCaslin, 2008). 

Although digestibility at maintenance levels of intake can be adequately described by 
static measures of digestibility, in reality, the digestion process is a dynamic interaction between 
rate of passage and rates and extents of digestion of both fiber and non-fiber components. 
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Numerous models are available for evaluating feeds or rations based on digestion kinetics 
(Chilibroste et al., 2008; Danfær et al., 2006; Sniffen et al. 1992). The good news about these 
models is that they can evaluate rations over a wide range of intakes and rates of passage 
associated with diverse milk production levels. The bad news about these models is that they 
cover a wide range of kinetics parameters that are difficult to measure and document. However, 
we will be able to maximize the use of dynamic models to better define silage quality when we 
understand more about the kinetics of digestion and passage, gain a greater knowledge of the 
microbial population responsible for fermentative digestion, and enhance our understanding of 
the interactions of the animal, the microbial population, and the constituents and ingredients in 
mixed rations. 

 
FIBER AND INTAKE 

Fiber concentration can have profound effects on intake as well as digestibility. Mertens 
(1992, 1994) developed a system for formulating rations that relates the effects of ration fiber 
concentration to intake based on optimal ruminal fiber outflow at one extreme and the effects of 
ration energy density regulating intake to meet the animal’s energy demand at the other extreme. 
The NDF-Net Energy Intake System uses the physical and physiological mechanisms of intake 
regulation to define the maximum proportion of forage in the ration that will allow a target level 
of milk production. It is based on the aNDF concentration of concentrates and forages and an 
aNDF intake constraint of 1.2% of body weight per day. Although the system can be criticized 
for assuming that all sources of aNDF affect intake and energy value similarly, it is based on the 
concept that differences in aNDF are small in relation to the differences between aNDF and NDS. 

The NDF-Net Energy Intake System determines the optimal forage to concentrate ratio in 
the ration that simultaneously meets both the energy demand for a target level of production and 
the fill limit associated with fiber intake. The system helps to describe the impacts of plant 
species and maturity (as indicated by aNDF concentration) on silage quality and the rations that 
can be formulated to maximize forage proportion for a given level of milk production. As the 
aNDF concentration of the forage decreases, whether due to plant species or forage maturity, the 
formulated proportion of forage in the total ration increases for a target level of dairy cow 
performance (Table 2). Most nutritionists would intuitively agree that this relationship is valid. 
The advantage of the NDF-Net Energy Intake System is that it calculates a maximum percentage 
or amount of a forage with a specified aNDF concentration that can achieve the target 
production. Thus, it accounts for variation in both the forage and the animal to formulate rations 
and insures that differences in silage quality are used most effectively. Because the system of 
Mertens (1992, 1994) maximizes forage concentration in the ration, it also minimizes ration 
energy density, which results in the maximum DM intake needed to achieve production target. In 
situations when it is not possible or most profitable to feed the maximum amount of forage, the 
output of the NDF-Net Energy Intake System can be used as an upper limit in any ration 
formulation system. 

Oba and Allen (1999) compiled data from the published literature and concluded that a 
0.01 unit increase in NDF digestibility (expressed as a fraction) measured in situ or in vitro resulted 
in a daily increase of 0.17 kg DM intake and 0.25 kg 4% fat-corrected milk production. Mertens 
(2006) added ten experiments to the database. Allowing an individual intercept for each trial, the 
regression coefficients of in situ or in vitro forage NDFD after 48 h of fermentation (NDFD48h, % 
NDF) and of dietary NDF concentration (DietNDF, %DM) for DMI (kg/d), NDF intake (NDFI, % 
of BW/d) or 4%FCM, (kg/d) were: 
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 DMI  = Trial + 0.0970 (±0.0242) * NDFD48h - 0.312 (±0.125) * DietNDF; R2 = 0.95,  
 NDFI = Trial + 0.00485 (±0.00178) * NDFD48h - 0.0237 (±0.0092) * DietNDF; R2 = 0.93, 
and 
 4%FCM  = Trial + 0.139 (±0.037) * NDFD48h - 0.520 (±0.202) * DietNDF; R2 = 0.98. 
 
The regression coefficients for changes within trial in the larger database were smaller than the 
marginal values determined by Oba and Allen (1999b) for DMI (0.097 versus 0.17) and 4% FCM 
(0.139 versus 0.25), but still demonstrated a positive impact of NDFD on intake and milk 
production. Mertens (2006) used the relationship of NDFD on NDF intake to adjust the NDF 
intake constraint of the NDF-Net Energy Intake System. Accounting for improved NDF 
digestibility resulted in predictions of optimal rations that were higher in forage proportion and 
NDF concentration. Note that the regression coefficients obtained by Mertens (2006) indicated that 
dietary NDF concentration has 3 to 4 times the impact on intake and milk production as does 
NDFD. This confirms that the first priority for maximizing forage in the ration is to optimize NDF 
concentration and then fine-tune the result for differences in NDFD. 
 
Table 2. Maximum forage rations based on the formulation system of Mertens (1992) for a 650 
kg cow producing 40 kg of milk containing 4.0% fat and gaining 0.2 kg/d; using a concentrate 
containing 12% NDF and 2.01 Mcal/kg of NEL3X 
Silage forage Grass 

Silage1 
Grass 

Silage2 
Cereal 
Silage 

Corn 
Silage 

Alfalfa 
Silage 

Forage aNDFa, % of DM 60.0 50.0 55.0 45.0 40.0 
Optimum aNDFIb, % of BW/d 1.20 1.20 1.20 1.20 1.20 
Foragec, % of TMR DM 40.6 53.6 46.2 59.4 65.3 
aNDFd, % of TMR DM 31.5 32.4 31.9 31.6 30.3 
aNDF from foragee, % of TMR NDF 77.4 82.8 79.8 84.6 86.2 
DMIf, % of BW/d 3.81 3.71 3.76 3.80 3.96 
DMIg, kg/d 24.8 24.1 24.5 24.7 25.8 
Silage DMIh, kg/d 10.1 12.9 11.3 14.7 16.8 
a Amylase-treated NDF. 
b Optimum NDF intake as a % of body weight per day (Mertens, 1992). 
c Forage as a percentage of DM in the total mixed ration. 
d NDF as a percentage of DM in the total mixed ration. 
e Percentage of total mixed ration NDF that is from forage. 
f Predicted dry matter intake expressed as % of body weight per day for the formulated ration. 
g Predicted dry matter intake in kilograms per day for the formulated ration. 
 h Predicted silage dry matter intake in kilograms per day. 
 

When cow size (600 kg) and milk production (30 kg/d) similar to those recorded for 
silage-feeding experiments in the literature (Huhtanen et al., 2007; 2008) are used in by the 
NDF-Net Energy Intake System, its predictions of silage and total DM intakes (Table 3) fall 
within the ranges observed. Huhtanen et al., (2007) reported that, when fed silages containing 
about 55% NDF, the average daily intakes of cows producing approximately 30 kg per day of 
4% fat-corrected milk was 11.9 kg of silage and 20.4 kg of total DM. This agrees closely with 
the predicted intake by the NDF-Net Energy Intake System of 11.2 kg of silage and 19.9 kg of 
total DM intake for a cereal silage containing 55 % aNDF. This suggests that the system 
effectively describes rations that are attainable with silages, but also suggests that, in many 
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published experiments, the cows obtained intakes of silage and concentrate that optimized forage 
intake and milk production. 

Although Huhtanen et al. (2007) observed that NDF was not as highly correlated with 
silage DM intake as D-value, Mertens (1994) pointed out that NDF concentration would not be 
expected to be related to intake if the mechanism regulating intake varies between physical and 
physiological control. Using NDF to estimate intake of optimal rations is not the same as 
predicting intake for any level of NDF in the ration. The declining intake of NDF with higher D-
values observed by Huhtanen et al. (2007) suggests that mechanisms other than fill limited intake 
in most published studies. The observation (Huhtenen et al., 2008) that a concentrate DM intake 
index explained 0.88 of the variation in total DM intake within studies suggests that concentrate 
amount and proportion, which affect ration NDF concentration, play significant roles in total DM 
intake. If the goal is to maximize forage use, it seems logical to maximize NDF intake for a 
given level of milk production by optimizing the forage and concentrate proportions in the diet. 
 
Table 3. Maximum forage rations based on the formulation system of Mertens (1992) for a 600 
kg cow producing 30 kg of milk containing 4.0% fat and gaining 0.2 kg/d; using a concentrate 
containing 12% NDF and 2.01 Mcal/kg of NEL3X 
Silage forage Grass 

Silage1 
Grass 

Silage2 
Cereal 
Silage 

Corn 
Silage 

Alfalfa 
Silage 

Forage aNDF, % of DM 60.0 50.0 55.0 45.0 40.0 
Optimum aNDFIb, % of BW/d 1.20 1.20 1.20 1.20 1.20 
Foragec, % of TMR DM 49.4 65.5 56.3 72.3 78.7 
aNDFd, % of TMR DM 35.7 36.9 36.2 35.8 34.0 
aNDF from foragee, % of TMR NDF 83.0 88.8 85.5 90.7 92.5 
DMIf, % of BW/d 3.36 3.25 3.31 3.35 3.53 
DMIg, kg/d 20.2 19.5 19.9 20.1 21.2 
Silage DMIh, kg/d 10.0 12.8 11.2 14.5 16.6 
a Amylase-treated NDF. 
b Optimum NDF intake as a % of body weight per day (Mertens, 1992). 
c Forage as a percentage of DM in the total mixed ration. 
d NDF as a percentage of DM in the total mixed ration. 
e Percentage of total mixed ration NDF that is from forage. 
f Predicted dry matter intake expressed as % of body weight per day for the formulated ration. 
g Predicted dry matter intake in kilograms per day for the formulated ration. 
 h Predicted silage dry matter intake in kilograms per day. 
 

In addition to D-value (digestible organic matter in DM, which is a measure of energy 
density similar to net energy of lactation), Huhtanen et al. (2007) observed that total organic 
acids (as a measure of fermentation characteristics), DM concentration, proportion of regrowth 
silage, proportion of legumes in silages, and proportion of whole-crop cereal silages in the ration 
were important variables in developing a silage DM intake index. They also reported that NDF, 
especially when fractionated into indigestible and potentially digestible NDF influenced the 
intake of silages. Mertens (1994) suggested that fermentation characteristics could be 
incorporated into the NDF-Net Energy Intake System as palatability factors that over-ride 
physiological and physical regulation of intake. 

Physical properties of silages also can affect intake. Kononoff and Heinrichs (2003a) 
reported a linear decline in intake of alfalfa silage as particle size was increased, but milk 
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production was unchanged. Yang and Beauchemin (2006) observed a non-significant increase 
(+0.8 kg) in DM intake for both high and low-forage rations when alfalfa was chopped more 
finely. Similarly, Kononoff and Heinrichs (2003b) observed a non-significant increase (+0.6 kg) 
in DM intake between short- and long-chopped corn silage. Using a wider range of particle size, 
Kononoff et al. (2003) reported a linear increase in DM intake as the chop length of corn silage 
decreased. These and other studies indicate that reducing particle size of silage can increase 
intake. The NDF intake constraint of the NDF-Net Energy Intake System is a daily flow of fiber 
into the animal. It is reasonable to assume that decreasing particle size should increase the 
outflow of fiber, which suggests that the NDF intake constraint should be increased in these 
situations. 
 
EFFECTIVE FIBER AND PARTICLE SIZE 

For dairy cows, the effectiveness of fiber in maintaining an efficient and effective 
ruminal environment is especially crucial. Instead of effective fiber, the NRC (2001) concluded 
that the minimum fiber recommendation be based on minimum forage and dietary NDF 
concentrations that were related to maximum dietary non-fiber carbohydrate (NFC = 100 – ash – 
crude protein – fat – NDF) concentration (Table 4). However, dietary NFC is perfectly correlated 
with dietary and forage NDF in Table 4.3 of NRC (2001). This indicates the difficulty in 
changing dietary NDF without concomitant changes in NFC. Before 2001, the physically 
effective NDF (peNDF) concept had been developed as an indicator of the chewing activity that 
was related to the physical and chemical effects of fiber (Mertens, 1997). He analyzed a database 
from 45 publications with 274 treatments and derived physical effectiveness factors based on 
chewing activity that could be used to adjust NDF for the particle size differences associated 
with silages and chopped or ground forages. Mertens (1997) proposed that the peNDF 
requirement for chewing that would maintain ruminal pH and milk fat percentage was between 
19 and 20% of ration DM. Interestingly, if the average physical effectiveness factors derived by 
Mertens (1997) are used to calculate a minimum dietary peNDF requirement based on NRC 
(2001) recommendations, it would vary from 19.5 to 20.7% of ration DM (Table 4). The peNDF 
system appears to be a simpler and more consistent method of describing minimum fiber 
requirements for dairy cows than that proposed by NRC (2001). 

Because silages are chopped to a variety of lengths it is important that some method be 
developed for estimating the peNDF of ensiled forages to insure that rations can be formulated 
that meet the minimum fiber requirement of dairy cows. Mertens (1997) proposed that particles 
passing through sieves with 1.18 mm openings using vigorous vertical shaking do not require 
chewing and therefore do not contribute to peNDF. Vigorous vertical shaking tends to separate 
particles by their minimum dimension (Mertens et al., 1984), as opposed to horizontal shaking, 
which separates particles by length. Based on the observations of Mertens et al. (1984) that the 
length of small particles of forage are 4 to 10 times their width, it would appear that the aperture 
dimension for horizontal shakers such as the Penn State Separator that would retain particles 
similar to sieves with 1.18 mm and vertical shaking of dried samples would have to be about 4 to 
6 mm. 
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Table 4. Minimum concentration of NDF, NDF from forage, and non-fiber carbohydrates (NFC 
= 100 – ash – crude protein – fat – NDF) from Table 4.3 (NRC, 2001) compared to peNDF 
determined by the method of Mertens (1997) 

Minimum 
Forage NDF 

Minimuma 
Dietary NDF 

Maximuma  
Dietary NFC 

Calculatedb 
Minimum peNDF 

19 25 44 19.5 
18 27 42 19.8 
17 29 40 20.1 
16 31 38 20.4 
15 33 36 20.7 

aDietary NDF and NFC are perfectly correlated within rations containing about 18%CP, 6% fat and 7% 
ash. 
bCalculated dietary peNDF = 0.9*(forage NDF) +0.4*(non-forage NDF). 
 

Although there is confusion and controversy in the current literature about the influence 
of peNDF on ruminal function, chewing activity and milk fat depression, much of it is related to 
the different sieving systems used to define the peNDF of silages and rations (Berzaghi and 
Mertens, 2002). Regardless of these discrepancies, it is clear that particle size of silages can 
impact intake when maximum forages are fed and affect chewing activity, ruminal function and 
milk fat synthesis when minimum forage is fed. If the original intent of peNDF to quantify 
chewing activity of feeds with differing fiber concentrations and particles size is followed, 
standard methods of measuring peNDF will result in information that is useful in assessing silage 
quality for specific situations associated with maximum or minimum forage diets for dairy cows. 

 
NUTRIENT CONSISTENCY 

High-producing dairy cows are often functioning at the maximum of animal performance 
and at the edge of thresholds for nutrient requirements. This makes them especially vulnerable to 
variability in forage quality because any disruption in nutrient value, intake or digestibility can 
jeopardize performance or health. Silages have unique characteristics that make variability a 
major characteristic affecting quality and animal performance. Silages not only vary in nutrient 
composition like other forages, but also vary in DM concentration. Because they are often stored 
in facilities not protected from precipitation, DM can not only vary inherently, but also vary 
because of the addition of external moisture. 

Because forages that are harvested for silage are often stored in a single structure, the 
resulting silage can vary in DM and composition due to the timing and location from which the 
forage is obtained. Stone et al. (2003) evaluated the variability of 11 corn and 9 hay-crop silages 
stored in bunker silos by sampling the upper, middle and lower part of each silo face. Of the 
constituents measured, DM had the largest average percentage deviation for both silages (Table 
5), although variations in nutrient concentrations were considerable. Assuming an average DM 
of 40% for hay-crop and 30% for corn silage, the expected differences in DM content between 
two levels of the silage face would be 8.4 and 3.7% units respectively. It is clear that 
representative sampling is crucial for obtaining analysis reports that can result in accurate ration 
formulation and mixing. On the other hand, differences in composition across the silo face 
indicate that variability among loads and rations that may be delivered to cows can be large.  
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Table 5. Corn and hay-crop silage variability within bunker silos (Stone et al., 2003) 
Silage Deviation DM CP ADF NDF 
  Percentage deviation 
Hay-crop Minimum 5.2 3.3 1.1 5.4 
Hay-crop Maximum 44.7 52.1 20.0 24.8 
Hay-crop Average 21.0 17.6 10.7 14.7 
Hay-crop Median 19.4 9.5 9.9 14.4 
Corn Minimum 1.3 2.5 2.3   0.5 
Corn Maximum 55.0 29.5 18.3 18.6 
Corn Average 12.3 11.0 8.4 8.6 
Corn Median 8.3 10.0 8.6 8.4 

 
During a precise feeding experiment (Mertens and Berzaghi, 2008), we measured the 

daily variation in silage composition after the entire depth of the alfalfa and corn silage was 
mixed during mechanical de-facing (Table 6). Although mixing material from the silo face 
reduced variation compared to that observed by Stone et al. (2003), there was still substantial 
daily variation, especially in DM that would adversely affect the silage quality associated with 
total mixed rations. Figures 1 and 2 illustrate that some of the daily variation can be attributed to 
gradual changes in forage quality within the silo. However, abrupt changes in DM occurred that 
could often be attributed to rain or snow precipitation that contaminated the silage before mixing 
and feeding. 
 
Table 6. Variation of dry matter and nutrients in alfalfa and corn silage 

 
 
 
 
 
 
 
 
 
 
 

 
 

Forage Constituent N Average SD Minimum Maximum 
Alfalfa silage DM, % 68 41.0 3.0 32.4 47.3 
Alfalfa silage  aNDFom, % DM 53 37.0 2.3 32.6 41.0 
Alfalfa silage  Ash, % DM 53 10.4 0.4   9.1 11.2 
Alfalfa silage  CP, % DM 53 22.0 1.2 19.4 24.2 
       
Corn silage DM, % 68 31.4 0.7 28.9 33.0 
Corn silage aNDFom, % DM 50 40.4 1.8 37.0 44.7 
Corn silage Ash, % DM 50   4.2 0.3   3.7   4.9 
Corn silage CP, % DM 50   7.8 0.3   7.3   8.3 



 

July 27-29, 2009 – Madison, Wisconsin, USA 110 

18.0

23.0

28.0

33.0

38.0

43.0

1 8 15 22 29 36 43 50 57 64

Day of Experiment

aN
D

Fo
m

 a
nd

 C
P 

(%
 D

M
) 

aNDFom CP Polynomial CP Polynomial aNDFom  
Figure 1. Variation of aNDFom and CP content in alfalfa silage over a 2-month period. 
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Figure 2. Variation of aNDFom and CP content in corn silage over a 2-month period 
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In addition to abrupt DM changes, dynamic changes during harvest often result in silage 
that is more variable in composition than a comparable hay or dehydrated forage obtained from 
the same location and harvest. Although these changes in composition can be partially 
accommodated by cows that are feed concentrate separately and silage ad libitum, they create 
difficulty in precise feeding of silage-based, total mixed rations to lactating cows. Both the 
variation within a silo at any given time and the variation in the silage over time affect the 
formulation and mixing of precise rations. For example, if we formulated a ration for high-
producing cows to contain 17.0% CP and 27.4% aNDF using the feeds listed for the original 
ration in Table 7, the mixture for 100 cows would contain 1786, 2143, and 1111 kg, respectively, 
of alfalfa silage, corn silage and concentrate mixture. If a precipitation event reduced the DM of 
the silages by 4 %-units, the amounts and proportions of DM, CP and aNDF in the ration would 
change substantially. Interestingly, the greatest impact of these changes is a decrease in the 
amount of ration that would be fed, due to water replacing DM in the forages. 

It can be calculated that reducing the amount of DM delivered to the cows could result in 
a 3.4 kg loss in 4% fat-corrected milk. In addition, the percentage of CP in the ration would 
increase, whereas the percentage of aNDF would decrease. The increase in CP could result in 
greater excretion of N into the environment causing problems in some situations. Given the low 
level of fiber in the original ration, it might also be expected that the minimum fiber requirement 
of some cows would not be met thereby causing acidosis. The effects on cows may be worsened 
by the difficulties in managing the feed bunk. If the bunk is left clean because of the shortage in 
DM amount fed after a rain event and more feed is offered the following day hungry, cows 
would be expected to eat more feed and do so more quickly leading to digestive upsets. It is not 
uncommon for the variation in silages to cause cyclic over and under eating by cows, resulting in 
health problems, lower production, and reduced feed efficiency. 
 
Table 7. Variation in ration characteristics when the dry matter of forages changes abruptly 
 Ingredient composition Ration characteristics 
Ingredient DM CP aNDF As-fed DM CP aNDF DM 
 % Amounts (kg) Proportion

Original Ration 
Alfalfa silage 42 22 36 1786 750 165 285 0.30 
Corn silage 35 8 38 2143 750 60 300 0.30 
Concentrate 90 20 10 1111 1000 200 100 0.40 
Total    5040 2500 425 685  
Percentage      17.0 27.4  
Per cow     25.0 4.3 6.9  

Ration with Forage DM Changes 
Alfalfa silage 42 22 36 1786 679 149 258 0.29 
Corn silage 35 8 38 2143 664   53 266 0.28 
Concentrate 90 20 10 1111 1000 200 100 0.43 
Total    5040 2343 402 624  
Percentage      17.2 26.6  
Per cow     23.4 4.0 6.2  
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CONCLUSIONS 

High quality silages are the keystone of rations for dairy cows. Rations for dairy animals 
may contain 10 to 90%; therefore silage quality, which encompasses all silage characteristics that 
impact animal performance, is often crucial in meeting the nutrient requirements for dairy 
production. Nutritive value, fermentation characteristics, pH, ammonia, and moisture all affect 
silage quality and many of these factors have been extensively discussed in the literature and at 
this conference because they are modified by the ensiling process. Nutritive value, defined as the 
concentrations of nutritionally relevant constituents, is the primary determinant of silage quality 
and is initially established at the time of harvest. Fiber content and digestibility, particle size, and 
nutrient variability have tremendous impacts on silage quality for dairy cows. Fiber is a 
nutritional term that is defined as the indigestible and slowly digesting fraction of feeds that 
occupies space in the alimentary tract. The detergent system of analysis was developed to 
measure fiber, and the main advantage of aNDF is that it separates feeds into almost completely 
digestible NDS and fiber that varies in digestibility. A simple summative equation demonstrates 
that aNDF content and its digestibility are the major factors that affect DMD of feeds. Legume 
forages are high in digestibility and intake because their fiber content is low, but the digestibility 
of legume fiber is also low. Grasses have higher fiber contents, but their fiber is higher in 
digestibility than that of legumes. Our ability to improve fiber or overcome its limitation will 
occur when we can effectively partition it into digestible and indigestible fractions and use the 
digestion kinetics to understand fiber digestion in the dynamic ruminal environment. Intake is 
often the limiting factor in dairy cow productivity and fiber can often limit the intake of forages. 
The NDF-Net Energy intake system was designed to estimate the maximum proportion of forage 
that can be included in a ration for a target level of milk production. The system works well to 
define rations that maximize the utilization of silage quality. Just as cows have a maximum 
capacity to utilize fiber in silages, they also have a minimum fiber requirement, which is based 
on fiber’s ability to stimulate chewing and promote optimal fermentation in the rumen. Because 
silages are chopped the particle size of silages is important in determining the effectiveness of 
fiber in promoting chewing activity. The peNDF of silages is a valuable measurement in 
determining silage quality for dairy cows. Because silages are harvested with moistures that 
range from 40 to 75% and forages from multiple locations and maturities are often stored in a 
single storage unit, silage quality is often more variable than hays. The daily variation in silage 
dry matter and nutrient concentration is substantial, and can be a significant impediment to 
maximum utilization of silage quality. 
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INTRODUCTION 

At the XIV International Silage Conference the review papers by McGee (2005) and 
Keady (2005) summarized the impacts of silages grown in temperate climates on beef 
production. Huhtanen and Shingfield (2005) and Forristal and O’Kiely (2005) also presented 
information relevant to meat producing animals. This review aims to complement the above 
papers and provide an update from the subsequently published literature. Much less information 
has been published on the nutrition and feeding of beef cattle with silage than for dairy cows, and 
even less new research has been undertaken with other meat producing herbivores. 
 
BEEF AND SHEEP PRODUCTION 
Grass silage  

Grass silage with a high feed value supports high growth rates in cattle and sheep.  The 
impact of silage quality increases as the proportion of silage in the ration increases. 

Intake. Intake is a major determinant of the performance of animals consuming silage and 
the mechanisms regulating intake are complex. Huhtanen et al. (2007) have developed a relative 
silage dry matter (DM) intake index model for predicting changes in intake by dairy cows, and 
the important factors in this model should also pertain for beef cattle. Huhtanen et al. (2007) 
identified the major silage characteristics influencing intake as digestibility (plus indigestible 
neutral detergent fiber (NDF)), fermentation quality (i.e., concentration of total acids) and DM 
concentration, although harvest (primary growth vs. regrowth) and the inclusion of legume or 
whole-crop silages (up to 0.5 of total silage DM intake) could also be influential. The significant 
impact of grass maturity at harvest on silage intake and nutritive value for cattle was previously 
described by McGee (2005). More recently, Bernes et al. (2008) similarly reported increases in 
intake and liveweight gain, and improved feed efficiency, when silages made from earlier 
harvested timothy were fed to finishing lambs. 

In order to quantify and model the variation in intake of relatively low DM silages (179 
to 254 g DM/kg) varying in fermentation quality, Krizsan and Randby (2007) and Krizsan et al. 
(2007) produced 24 contrasting silages from a single crop of grass and offered them ad libitum to 
growing steers. The best descriptors of silage intake were concentrations of propionic, butyric 
and lactic acids, and models based on these acids explained 0.75 to 0.84 of the variation in DM 
intake. They concluded that for a given grass crop the extent (as indicated by total acids) and 
type (as indicated by total volatile fatty acids) of silage fermentation had a strong influence on 
intake, and that the intake potential of low DM grass silages was maximized by restricting their 
fermentation. 

One tactic for increasing silage intake was reported by Huntington and Burns (2007). 
They mowed gamagrass and switchgrass in the afternoon or the following morning and 
immediately ensiled them. Silages made in the afternoon compared to the morning had a 
markedly higher content of non-structural carbohydrate (starch + monosaccarides) but 
differences in fermentation products were minor. When fed to steers (supplemented with 
minerals only) there was a higher voluntary intake and improved use of dietary N for the 
‘afternoon’ silage.  
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Supplementation. Grass silages often provide cattle with insufficient energy and 
occasionally with insufficient protein for target growth rates, and much information has been 
summarized on the responses of growing and finishing cattle to concentrate feeding (Keane, 
2001 and 2002). Similarly, Minchin et al. (2009) have quantified the responses obtained with 
cull dairy cows. 

Most supplementation studies involve offering silage ad libitum and then separately 
supplementing with increasing amounts of energy or protein sources. With total mixed ration 
(TMR) feeding, Huuskonen et al. (2007) fed dairy-breed bulls for 11-12 months (i.e., through 
growing and finishing) to determine the effects of the proportion (0.3, 0.5 and 0.7) of barley-
based concentrate with silage in the diet, and the inclusion of rapeseed meal. Their silage was 
excellently preserved, and had a D-value of 668 g/kg DM and a crude protein of 161 g/kg DM. 
Increasing the concentrate proportion in the TMR increased the growth rate and carcass fatness 
of the bulls, as expected, but growth was lower in the 250–400 kg liveweight range than current 
Finnish recommendations (MTT, 2006) would predict. The absence of a response to rapeseed 
meal indicated that protein supplementation was not required, and this was confirmed by the 
calculated supply of amino acids absorbed from the small intestine being higher than in the 
Finnish feeding recommendations (MTT, 2006). Further results reported by Huuskonen et al. 
(2008) are in accord with these findings.  

Although barley is widely used as a supplement with grass silage, wheat can be equally 
effective (Drennan et al., 2006), and alternatives such as molassed sugar-beet pulp can support 
similar growth rates to barley provided they are balanced for protein content (Keane, 2005). In 
contrast, oats were inferior to barley when offered with excellent quality grass silage to growing 
and finishing bulls (Huuskonen, 2009) and, again, no additional growth response to supplemental 
protein was found. Cereal grains can be harvested at a high moisture content (300 g moisture/kg), 
and then crimped and ensiled. Both Stacey et al. (2007) and Keady et al. (2008) confirmed that 
properly ensiled high-moisture wheat supports similar performance by steers as conventionally 
combine-harvested, dry rolled grain when fed as a supplement to grass silage. 

It is often suggested that increasing the content of water-soluble carbohydrates (WSC) in 
silage, independent of the extent or direction of fermentation, will improve the balance or 
synchrony between the supply of energy and the availability of N in the rumen. This should 
enhance the capture of silage N by rumen microorganisms, thereby improving the efficiency of 
microbial growth and ultimately animal growth. Givens and Rulquin (2004) indicated that 
adding even small amounts of non-structural carbohydrates, and sugars in particular, to grass 
silage being consumed by ruminants can markedly improve the efficiency of microbial protein 
synthesis. However, the data of Owens et al. (2008) suggest that any potential benefit from 
modest increases in silage WSC are overwhelmingly masked by supplementing cattle with 
commercial inputs of cereal grains.  

Many non-nutritional substances have been offered to cattle consuming silage with the 
intention of increasing intake, improving digestion, etc. Recently, Berthiaume et al. (2007) 
supplemented badly preserved (299 g NH3-N/kg N, 41 g butyric acid/kg DM) or wilted (148 g 
NH3-N/kg N, 6 g butyric acid/kg DM) silages with 20 g sodium bentonite/kg diet DM. Bentonite 
affected neither intake nor silage digestibility. However, with the badly preserved silage it 
increased liveweight gain from 0.74 to 0.92 kg/day, a response attributed to an increase in the 
availability and utilization of non-ammonia N. Unfortunately carcass gains were not estimated in 
this experiment. 
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When comparing diets differing in silage quality or in the level of energy or protein 
supplementation of silage then a number of factors need to be recognized. Firstly, with growing 
cattle, the observed responses may not be the full measure of treatment effects if subsequent 
compensatory growth diminishes the scale of the treatment response. Hence, in some 
circumstances, it may be necessary to monitor the response by growing animals through to the 
eventual impact on finished carcass weight. Secondly, if treatments are compared using animals 
expressing compensatory growth then the response to the higher feed value treatments will be 
larger than with animals that had not previously undergone a period of restricted growth. Thirdly, 
where sizeable differences occur in gastro-intestinal tract contents due to silage treatment, 
liveweight gain may not be a good response variable to indicate the carcass gain being achieved. 
Finally, because of declining growth rates with increasing maturity of finishing animals, long-
term comparisons of silage treatments of contrasting feed value may diminish the scale of the 
effect. This latter point raises the question of whether rations should be compared for a fixed 
interval of weight gain rather than a fixed duration of time. 

Feeding strategies. On grassland farms, cattle that are finished indoors are often offered a 
diet based on grass silage supplemented with purchased concentrates. The latter are usually 
offered separately at a flat rate or at a fixed proportion in a TMR. An alternative strategy is to 
offer silage alone for up to 3 months and then offer concentrates ad libitum through to finish–this 
‘varied feeding pattern (VFP)’ results in approximately the same concentrate input over  a 
similar duration of finishing as for traditional systems, and about the same animal performance 
(Keane, 2001).  
 Substitution rate of concentrates for silage is a function of silage digestibility–a higher 
substitution rate will occur with higher digestibility silage. With VFP the opportunity for silage 
digestibility to influence substitution rate is limited because the two feeds are not offered 
together except for a short changeover period. Furthermore, if animals on a VFP are offered 
lower digestibility silage in the early phase they may exhibit compensatory gain when offered ad 
libitum concentrates later. This would imply that the effects of a difference in silage digestibility 
could be less with a VFP than with flat rate feeding. Cummins et al. (2007a) examined the 
effects of (and interactions between) grass silage harvest date (and thus silage digestibility) and 
the pattern of offering concentrates (flat rate feeding vs. VFP), and how this might be affected by 
cattle breed (Holstein/Friesians have higher intakes per unit bodyweight than beef breeds). 
Interactions were generally not statistically significant indicating that similar compensatory gain 
when offered ad libitum concentrates occurred for animals fed the early-cut higher digestibility 
and the late-cut lower-digestibility silages. Thus, the animal performance benefits in response to 
higher digestibility silage in the flat rate feeding system occurred similarly with the VFP system, 
and these effects occurred with both the dairy and beef breeds despite the higher intake of silage 
by the dairy breed.  
 A TMR is usually constituted immediately before being offered to livestock. An 
alternative option is to co-ensile grass and concentrates thereby producing a TMR in the silo. 
Cummins et al. (2007b) compared TMR constituted at ensiling or feedout, across a range of 
forage: concentrate ratios. Cattle consuming a TMR constituted at ensiling had lower intakes and 
poorer growth rates than when the TMR was constituted at feedout. 

Carcass composition. The propensity of cattle fed ensiled grass to have an elevated 
carcass fat: protein ratio was first shown by McCarrick (1966). More recently, Greathead et al. 
(2006) confirmed that the carcasses of cattle fed grass silage have a higher fat: protein ratio at 
equivalent levels of metabolizable energy (ME) intake, and that this is the result of limited rates 
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of protein accretion and not of elevated rates of carcass fat accretion (although there was 
elevated accretion of non-carcass fat).  

Beef systems. A major objective in beef production systems on grassland farms has been 
to improve profits by progressively increasing output of meat per hectare. In some cases this 
resulted in an increased emphasis on grass silage at the expense of grazed grass. Changes in 
environmental regulations as well as altered economic conditions have led to reduced stocking 
rates and N fertilizer inputs. This has increased the emphasis on grazed grass and resulted in less 
frequent silage harvests. In response to this, Drennan and McGee (2009) compared an extensive 
beef production system (compatible with a national Rural Environment Protection Scheme - 
REPS) where a two-stage first-cut silage harvest was taken on 24 May (0.33 of farm area; silage 
for weanlings and finishing cattle) and 10 June (0.31 of farm area; silage for dry cows) with a 
more intensive system that involved sequential cuts of silage on 24 May (0.60 of farm area; 
silage for weanlings and finishing cattle) and 4 August (0.37 of farm area; silage for dry cows). 
All grass not used for silage was grazed. Similar individual animal performance was achieved 
with both systems but the lower stocking rate of the extensive system resulted in less carcass 
produced per hectare. However, the annual feed cost was also lower with the extensive system 
and it was also eligible for REPS payments. 

In other circumstances a major approach for increasing profits from beef cattle on 
grassland farms is to increase stocking rate while maintaining high individual animal 
performance. In this case, a shortage of available pasture for part of the year can limit 
profitability. One option to redress this has been demonstrated by Abdelhadi and Santini (2006) 
who supplemented growing beef steers grazing high quality pastures with maize or grain 
sorghum (grain was rolled) silages at 0.4 of total DM intake. This maintained individual animal 
performance but supported a 0.9 increase in stocking rate and a 0.83 increase in beef 
produced/ha. In addition, Abdelhadi et al. (2005) demonstrated the advantages to beef output per 
hectare of supplementing grazing beef heifers with maize silage rather than high moisture maize 
grain silage (high moisture corn; HMC). Despite the higher energy intake with HMC the 
corresponding reduction in NDF digestion resulted in similar weight gains for both supplements. 

The emphasis on increasing the proportion of annual DM intake contributed by grazed 
grass has changed the varieties of perennial ryegrass being selected in some countries; preference 
is being shown for later-heading varieties that have a more uniform growth distribution 
throughout the growing season and are more persistent under these conditions. In addition, 
swards are grazed early in the primary growth before being closed for silage production. Under 
these conditions, the late-heading cultivars provide more flexibility for deferring the primary 
growth silage harvest date and still attain high yields of appropriately high digestibility grass 
than with the intermediate-heading cultivars (Humphreys and O’Kiely, 2006) and, with this 
adjustment to harvest date, are equally easy to preserve as silage (Humphreys and O’Kiely, 
2007). 
Other crops 

Cereals such as wheat, barley, triticale and maize are grasses (Poaceae) that have been 
bred to store considerable reserves of starch in their grains. From a ruminant nutrition 
perspective when harvested in whole-crop form they have similarities with a TMR of grass silage 
and cereal grain. Consequently, major factors influencing their nutritive value for meat 
producing ruminants are the ratio of grain to straw or stover in the silage, the stage of 
development of the grain at harvest and the ‘indigestibility’ of the fibrous non-grain component.  
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Maize silage. The attractions of maize silage in beef finishing rations are well known, and 
McEwen et al. (2007) demonstrated that high-concentrate finishing rations can be re-formulated 
to include 0.5 maize silage DM without affecting many growth performance, carcass and meat 
quality characteristics, while decreasing the cost of production. 

In a comprehensive survey of 406 commercial beef finishing farms (234000 cattle) using 
maize silage, Cozzi et al. (2008) recorded that on average maize silage was of good quality (349 
g DM/kg; 309 g starch/kg DM; 67 gNH3-N/kgN) and accounted for 0.3 of dietary DM. A wide 
range existed in the coarseness of chopping achieved during harvesting, and silage quality did 
not decline with coarser chopping. For more than 0.3 of samples there was a loss of long 
particles during diet preparation, with some of this caused by the equipment used for removing 
silage from silos and the remainder occurring during TMR preparation in the mixer wagon. The 
authors advised that maize silage should be the final ingredient added to the mixer wagon and 
that the duration of subsequent mixing should be the minimum required to produce a uniform 
TMR. They further asserted that preventing the comminution of long particles during TMR 
preparation could avoid the inclusion of straw or other long fiber roughage required to increase 
the physical effectiveness of the diet. This latter advice was based on a previous experiment 
(Cozzi et al., 2005) in which finishing beef bulls fed coarsely chopped maize silage (19 mm 
theoretical chop length) as the sole roughage in a TMR had similar growth rates and longer 
rumination per kg DM intake than the control bulls fed a diet made of conventional maize silage 
(9 mm theoretical chop length) and straw. More recent research (Mazzenga et al., 2009) suggests 
that maize silage with a theoretical chop length of 9 mm at harvest could be used as the sole 
roughage in beef finishing diets (where maize silage contributed up to 0.53 of total DM intake). 
Juniper et al. (2005) alluded to milk production responses by dairy cows, which suggest that 
mixtures of maize silage and grass silage can support milk production at levels similar to diets in 
which maize silage is the sole forage. The same authors found that replacing average quality 
grass silage by good quality maize silage increased intake, liveweight gain and carcass gain by 
proportionately 0.23, 0.37 and 0.50, respectively. As expected in such circumstances maize 
silage increased the rate of carcass fat deposition. The linear response in these variables as maize 
silage replaced grass silage indicates the apparent absence of associative effects for production 
traits when the two types of silage were mixed. This is in accord with Browne et al. (2005). 

One of the caveats needed when drawing conclusions from experiments on the effects of 
altering the ratio of maize silage to grass silage in the diet of ruminants is that the outcome in any 
one experiment reflects the quality of the individual silages used, and a considerable range exists 
among each of these silage types. Kirkland and Patterson (2006) addressed this issue in an 
experiment with pre-mature and very mature maize silages and with low and high feed value 
grass silages. Significant main effects occurred, as expected, but interactions between grass 
silages and maize silages were absent for most beef performance traits. This agrees with the 
findings of Juniper et al. (2005) and Browne et al. (2005) mentioned above. An obvious question 
arising from these findings when formulating rations for finishing cattle is why would one dilute 
the higher quality forage by including the lower quality forage? 

There are very few recent research publications on feeding maize silage to sheep. In one 
experiment, Keady and Hanrahan (2009) found an improvement in ewe (post-lambing) condition 
score and weight gain response to increases in the nutritive value of either maize or grass silage, 
and with higher performance levels being achieved with maize than grass silage. In contrast, 
Vranic et al. (2007) recorded a quadratic increase in intake, digestibility and nitrogen balance 
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when progressively replacing a very low digestibility grass silage by a medium quality maize 
silage. They thus demonstrated positive associative effects between this these two silages. 

Sorghum silage. In hot climates susceptible to water deficits, sorghum can often be 
grown more successfully than maize. Under such conditions, Pereira et al. (2007) have quantified 
the relationship between increasing the concentrate to sorghum silage ratio and the 
corresponding increases in intake, apparent digestibility and microbial efficiency. Replacing 
maize silage with sorghum silage in the diet of yearling cattle affected neither intake, growth rate 
nor feed efficiency (Fazaeli et al., 2006). 

Whole-crop cereal silage. Whole-crop cereal refers to monocultures of small-grain 
cereals such as wheat, barley, oats or triticale. The whole-crop (grain + chaff + straw) is 
harvested at a DM content between 250 - 700 g/kg, and ensiled. High yields and high grain 
content (harvest index > 500 g grain DM/kg harvested DM biomass) are essential if whole-crop 
cereals are to be commercially viable, and important technical information for beef and sheep 
farmers assessing their potential role are the yield and nutritive value at harvest, overall 
conservation efficiency, and the intake, growth rate and carcass quality of animals consuming the 
silage.  
 Nadeau (2007) documented an increase in the DM yield of whole-crop barley, triticale, 
oats and wheat between the early milk and early dough maturity stages (from 5.1 to 6.3 t 
DM/ha). This corresponded to an increase in DM content from 286 to 373 g/kg, of ear: stalk 
from 0.7 to 1.4, and of starch from 24 to 176 g/kg DM, and a simultaneous decline in WSC from 
135 to 68 g/kg DM and in NDF from 545 to 483 g/kg DM. However, the overall digestibility 
between the early milk and early dough stages only changed from 730 to 744 g/kg. Hargreaves et 
al. (2009) monitored the development of whole-crop winter barley, harvesting the crops to a 10 
cm stubble height, when the grain was at the ‘watery-ripe’, ‘early-dough’, ‘soft-dough’ and ‘ripe’ 
stages of development. The corresponding harvested DM yields were 10.1, 13.2, 13.3 and 13.1 t 
DM/ha (but with a concern that harvesting losses increased with later harvest). The harvest index 
at these sequential harvests was 94, 391, 524 and 551 g/kg, and with starch increasing and both 
NDF and crude protein decreasing with later harvest. Hargreaves et al. (2009) saw little merit in 
delaying harvest beyond the stage when the whole-crop DM content reached 450 g/kg and the 
findings of Walsh et al. (2008a) support this conclusion.  
 A detailed study of 149 whole-crop wheat and barley silages (Givens et al., 2009) showed 
that quite a wide range in whole-crop cereal nutritive value exists among farms, and with a mean 
in vivo DM digestibility of 670 g/kg one would have to question the role for many of these 
silages in commercial rations for growing and finishing beef cattle. The limitations of whole-
crop cereal silages of mediocre nutritive value were reinforced by Manninen et al. (2005) who 
concluded that whole-crop barley or oat silages were acceptable winter feeds for mature beef 
suckler cows. 

As mentioned previously the outcome of comparisons of silages made from different crop 
species depends on the particular crop available for each species. Both Keady et al. (2007) and 
Walsh et al. (2008a) compared diets based on average quality grass silage with diets based on 
maize or whole-crop wheat silages. Keady et al. (2007) recorded a significant carcass weight 
response to replacing 0.4 of grass silage by maize silage but no such benefit for whole-crop 
wheat silage, while Walsh et al. (2008a) observed a similar benefit from maize or whole-crop 
wheat silages compared to grass silage. 

Critical to the nutritive value of whole-crop cereal is the grain to straw ratio (Walsh et al., 
2009), and crops of high grain content have the potential to support high rates of growth by beef 
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cattle. Thus, Walsh et al. (2008a) recorded relative carcass gains (compared to an ad libitum 
concentrate diet = 1.0) of 0.56, 0.91, 0.85, and 0.81 for finishing cattle consuming, respectively, 
grass silage (average quality) maize silage, fermented whole-crop wheat, and high DM processed 
whole-crop wheat (each supplemented with 3 kg concentrates/head/day). The grain contents in 
the plants were 487, 502 and 494 g DM/kg DM for maize silage, fermented whole-crop wheat 
and high DM processed whole-crop wheat, respectively. Walsh et al. (2008b) similarly recorded 
relative (ad libitum concentrate diet = 1.0) carcass gains of 0.83, 0.79, and 0.78 for cattle 
consuming maize silage, fermented whole-crop wheat, and barley silages, respectively, where 
corresponding grain contents in the whole plant were 466, 578 and 576 g DM/kg DM.  

Elevating the height at which whole-crop cereals are harvested should increase the grain: 
straw ratio and thereby increase silage nutritive value. Although some earlier studies supported 
this hypothesis Walsh et al. (2008b) did not observe an animal production response to elevating 
the stubble height in barley or wheat crops from 12.5 to 30 cm. Both crops had high harvest 
index values of approximately 577 g/kg when cut at the low stubble height and thus the 
magnitude of change in grain: straw ratio may have been too small to impact significantly on 
subsequent animal performance. 

The impact on palatability and intake of sharp or barbed awns when barley reaches the 
dough stage of development has been raised by Wallsten et al. (2009), and this topic warrants 
further investigation to clearly identify if and when it is important. The results of Walsh et al. 
(2008b) suggest that on at least some occasions they cause little apparent difficulty. 
One factor to note from a number of these experiments is the relatively poor conversion of 
ingested DM to carcass gain for cattle consuming diets based on whole-crop cereal silage (Keady 
et al., 2007; Walsh et al., 2008a and b), and the disadvantage of whole-crop cereal silage may 
worsen if harvest is delayed towards the crop being more ripe (Walsh et al., 2008a). The findings 
of Owens et al. (2009) suggest that the inferior nutritive value characteristic of the straw 
component may at least partially explain these differences.  

Legume silages. Cull dairy cows can sometimes present an attractive opportunity for 
efficient beef production, and this was clearly demonstrated by Lee et al. (2009) when achieving 
an average liveweight gain of 1.2 kg/day when excellent quality grass (precision-chop) and red 
clover (baled) silages were fed as the sole dietary ingredients over a 12 week finishing period. 
However, the proportionately 1.22 higher DM intake for the red clover silage was counteracted 
by its lower digestibility so that no carcass gain benefit occurred (and thus feed conversion was 
poorer on the red clover silage).  

There is relatively little recently published information on performance responses by 
sheep to legume silage quality. Speijers et al. (2005) recorded a sizeable increase in both intake 
and growth rate for lambs consuming red clover silage rather than ryegrass silage, whereas no 
increase was obtained for alfalfa silage. In contrast, Marley et al. (2007) reported similarly 
higher intakes and growth rates by lambs consuming red clover or alfalfa silages compared to 
ryegrass silage, and correspondingly improved feed efficiencies. 
 
MEAT QUALITY 

Due to the diversity of beef production systems, comparisons of ration composition are 
frequently confounded by differences in factors not directly related to nutrition. In a review of 15 
studies where such confounding was not present ( i.e., animals had been finished to comparable 
slaughter weights or fat covers), Muir et al. (1998) concluded that there were no consistent 
differences between cereal and forage based rations on meat color, pH, tenderness or juiciness. 
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Similarly, where energy intake was similar there was no difference in color or sensory 
characteristics of meat from cattle fed a grazed grass or cereal-based ration (French et al., 2001).  
Silage 
 The effect of silage feeding per se on meat quality has been reviewed (McGee, 2005). In 
general, compared to concentrate feeding, ensiled pasture has similar, small effects on meat 
quality characteristics as grazed pasture (French et al. 2000a). Moreover, since grass silage is 
usually supplemented with concentrates in commercial beef production, any possible effects of 
silage on meat quality characteristics are diluted (Moloney et al., 2008). Despite some loss of 
alpha linolenic acid during the ensiling process, feeding grass silage compared to concentrates 
results in higher concentrations of omega-3 polyunsaturated fatty acids (PUFA) and conjugated 
linoleic acid (CLA), a fatty acid with putative human health benefits, in ruminant meat lipids 
(Scollan et al., 2006, French et al., 2000b). In the study of Warren et al. (2008), loin joints from 
steers fed grass silage or fresh grass had higher scores for beef flavor and lower scores for 
abnormal flavor when compared to concentrate diets (restricted to the growth rate of the silage-
fed animals). They also scored higher for ‘overall liking’ than the concentrate group.  
Silage characteristics 

Where the method of ensiling pasture has been compared, wilting prior to ensiling did not 
negatively impact on the omega-6: omega-3 ratio, but increased the CLA concentration and 
increased tenderness and juiciness (Noci et al., 2007; Moloney et al., 2004). Listrat et al. (1999) 
observed that feeding conserved pasture as hay rather than silage resulted in an increase in 
tenderness that was muscle specific. When restricted and extensive patterns of fermentation 
during ensilage of pasture were compared, there was no difference in fatty acid composition of 
beef from cattle fed the resulting silages but beef from cattle fed the latter was rated more juicy, 
was more color stable and visually more desirable (Moloney et al., 2002a, 2003, O'Sullivan et al., 
2004). The latter reflected differences in vitamin E concentrations. There is no evidence that 
grass silage digestibility influences the appearance or tenderness of beef (Keady et al., 2008).  
Forage type 

The effect of type of conserved forage on lipid and color stability has also been examined. 
Feeding mixtures of grass and white clover silage relative to grass silage alone increased the 
deposition of both omega-6 and omega-3 PUFA in muscle of finishing beef steers but there was 
no difference in color, lipid stability or flavor (Scollan et al., 2002). In contrast, animals fed red 
clover silage, grass silage, or a 50:50 mix of the two, had an increasing content of PUFA in 
muscle with increasing red clover silage content but vitamin E concentration decreased as did 
color and lipid oxidative stability. When a fourth group of animals was fed the red clover silage 
supplemented with vitamin E, vitamin E content of muscle, color and lipid stability was the same 
as that in the muscle of grass silage-fed animals (Richardson et al., 2005). There was little effect 
of diet on flavor characteristics. Similar findings were reported by Lee et al. (2009) for muscle 
from cows fed grass silage or red clover silage-based rations. 

Brennan et al. (1987) reported that shear force and taste panel assessment of tenderness, 
flavor and juiciness of beef was not affected by the inclusion of 0.56 (energy basis) maize silage 
in a concentrate/feedlot ration, while Walsh et al. (2008a) observed no difference in fat or muscle 
color when a ration containing 0.74 maize silage was compared with a 0.9 concentrate ration. 
Similarly, there was no difference in fat or muscle color or in shear force of muscle when the 
maize silage proportion of the ration was increased from 0.46 to 0.96 of ration dry matter (Wales 
et al., 1998). In contrast, McEwen et al. (2007) reported an interaction between the inclusion of 
0.5 maize silage in the ration and slaughter weight for sensory characteristics of beef. Since the 
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nutritive value of maize silage is largely determined by its grain content, such results are not 
unexpected. Similarly, since the fatty acid composition of concentrate lipid is largely similar, 
inclusion of maize silage in a concentrate ration would not be expected to substantially alter the 
fatty acid composition of beef. However, while substitution of grass silage with maize silage had 
no effect on muscle color or the sensory characteristics of beef, fat became less yellow and there 
was a decrease in the proportion of omega-3 PUFA in beef reflecting both the lower carotenoid 
and alpha-linolenic acid concentrations in maize silage (Moloney et al., 1999, 2000, Bilik et al., 
2006, Juniper et al., 2005). Moreover, when maize silage replaced grass silage in the ration of 
finishing heifers, meat from the animals fed the maize silage had lower vitamin E concentration 
and poorer lipid and color stability (O’Sullivan et al., 2002).   

The impact of ensiled whole-crop wheat on beef quality has also been examined. As with 
maize silage, the effect of whole-crop wheat silage on muscle color and sensory characteristics 
would be expected to be small. This was confirmed by Moloney et al. (2002b) and Keady et al. 
(2007) who observed no difference in these variables when whole-crop wheat silage replaced 
grass silage in the pre-slaughter ration of beef cattle. However, fat from cattle fed the whole-crop 
wheat silage ration was less yellow, while muscle from these animals was less stable during 
aerobic display and had a lower proportion of omega-3 polyunsaturated fatty acids than that from 
cattle fed grass silage (Moloney et al. 2002b, Noci et al., 2005). While maize silage and whole-
crop wheat silage have not been comprehensively compared their impact on meat quality when 
compared with grass silage appears to be very similar. 

Overall, from a meat quality perspective and when confounding factors are removed, 
ensiled pasture in general has similar effects to grazed pasture and ensiled cereals have similar 
effects to cereal grain. There are subtle differences within each category of feedstuff depending 
on method of pasture conservation, grain source, etc. There appears to be little difference 
between sources of silage in terms of the color, tenderness, juiciness and consumer acceptability 
of meat. However there are differences in their effects on the color of fat, on the color and lipid 
stability of muscle, and on the fatty acid composition and possibly the flavor of meat, relative to 
meat from animals fed the non-ensiled feeds.  

 
SUMMARY 

• Highly digestible, excellently preserved silage supports high growth rates in cattle and 
sheep. The impact of silage quality increases as the proportion of silage in the ration 
increases. 

• Silage intake depends on a complex of interactions between animal, dietary and 
management factors. Silage digestibility (plus indigestible NDF), fermentation quality 
and DM content, as well as harvest and the co-feeding of other silages, are major dietary 
factors that determine the level of intake. 

• Most silages are supplemented with concentrates at feeding time and cattle can 
successfully adapt to a wide range of supplementary ingredients provided their energy, 
protein, mineral and vitamin requirements are being met. In addition, a range of strategies 
can be successfully used for presenting cattle with silage and concentrates. However, 
producing a TMR prior to ensiling may not always be successful. 

• Fine chopping is not necessary with maize silage, and associative effects frequently do 
not occur when maize and grass silage are fed together. 

• A high grain content is essential if whole-crop cereals are to have a high feed value. 
Whole-crop cereals with a harvest index > 500 g/kg can support similar growth rates by 
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cattle as good quality maize silage, but with an inferior feed conversion efficiency. There 
is little compelling evidence to support delaying the harvesting of whole-crop cereal 
silage beyond the ‘soft dough’ stage of ripeness. 

• Liveweight gain is sometimes a much less reliable index of animal growth than carcass 
gain. Growth responses measured in young growing cattle sometimes need to be 
monitored through to the eventual impact on the finished carcass if subsequent 
compensatory growth diminishes the scale of the treatment response. 

• Ensiled pasture generally has similar effects on meat quality as grazed pasture and 
ensiled cereals have effects similar to cereal grain. However there are differences in their 
effects on the color of fat, on the color and lipid stability of muscle, and on the fatty acid 
composition and possibly the flavor of meat, relative to meat from animals fed the non-
ensiled feeds. 
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Introduction Forages constitute a major part of ruminant nutrition, and are highly variable in 
digestibility depending on species, stage of maturity influenced by time of harvest, season, 
preservation method, etc. The modern models and rationing systems describing nutrient 
availability and production in ruminants require information on the rate of digestion (kd) of feeds. 
The objective of this work was to evaluate the potential of the in vitro gas production technique 
in determining the digestion properties of different quality forages manipulated by season, time 
of harvest within season, and preservation method (dried or ensiled). 
 
Materials and Methods A timothy-meadow fescue sward at Jokioinen, Finland was harvested 
thrice at an interval of two-weeks (5 June, 18 June, and 2 July) from primary growth. The 
corresponding regrowth areas were harvested on the same day on 19 August.  Thus, a total of six 
silages varying in plant maturity were prepared. The dried grasses and silages were used in an 
automated in vitro gas production apparatus (for details of the method, see Huhtanen et al. 2008) 
for determining the kd of whole sample, water insoluble residues and neutral detergent insoluble 
residues. The cumulative gas curves for neutral detergent solubles (DM minus NDF) and water 
solubles (DM minus water insoluble residues) were calculated by difference. 
 
Results and Discussion The composition and in vitro gas production results are presented in 
Table 1. The average organic matter digestibility (OMD) from gas production was 677 g/kg in 
primary growth and 643 g/kg in regrowth. The OMD of the material declined 8.1 g/kg in primary 
growth and 4.1 g/kg in regrowth per day of growth. During ensiling, changes in OMD 
(calculated from gas production) were minor: on average 657 g/kg for grasses and 663 g/kg for 
silages. The correlation between silage in vivo OMD and gas production OMD was high 
(OMDvivo = 171 + 0.8157 × OMDGAS, R2 = 0.993, n = 6). The kd of NDF decreased with 
increasing maturity of grass, and it was higher in primary growth than in regrowth (0.045 vs. 
0.041 /h). However, kd of NDF was not affected by ensiling (mean values). The kd of neutral 
detergent solubles was higher than that of NDF (0.162 vs. 0.043 /h).  
 
Conclusions The time of harvest significantly affects the digestion properties of forages while 
ensiling causes only minor differences compared with dried grass. The in vitro gas production 
technique has much potential in characterizing the forage quality, and providing information on 
forage kd for mechanistic dynamic feed evaluation models. It can also provide information of 
different forage fractions, which have clearly different digestion properties. 
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Introduction Alfalfa herbage undergoes excessive proteolysis during ensiling and rumen 
fermentation, leaving membrane proteins of inferior nutritional value for direct gastrointestinal 
digestion by livestock. While proteolytic products are converted to rumen microbial proteins of 
high nutritional value, up to one-third of alfalfa crude protein (CP) can be ruminally degraded 
and excreted as urea, which is readily lost to the environment. Although alfalfa currently lacks 
protein-protecting polyphenols, the expression of condensed tannins (CT) or polyphenol oxidase 
with o-diphenols (to form o-quinones) could help to limit pregastric proteolysis of alfalfa-based 
diets. In addition to polyphenol expression, severe conditioning (i.e., mechanical maceration) at 
harvest could facilitate co-precipitation of proteins with vacuolar-sequestered polyphenols to 
further limit proteolysis of hays, and more importantly, silages. Tissue disruption by maceration 
also could alter neutral detergent fiber (NDF) and dry matter (DM) degradability. In this study, 
we assessed how protein-protecting polyphenols and conditioning methods interact to alter the 
ruminal degradability of CP, NDF, and DM in conserved forage legumes.  
 
Materials and Methods Summer regrowth of alfalfa, red clover with ~10 g/kg o-diphenols, and 
birdsfoot trefoil with 6.1 or 14.8 g/kg CT were roll-conditioned or rotary-impact macerated, 
wilted, and then conserved as silage or hay. Forages were fractionated into various CP and fiber 
fractions according the Cornell Net Carbohydrate and Protein System (CNCPS). Forages also 
were incubated in Dacron bags for 0 to 72 h in a ruminally cannulated non-lactating Holstein 
cow offered a hay plus concentrate diet. Following incubation, bags were machine-washed, 
dried, and analyzed for CP and NDF. The percentage of residual CP, NDF, or DM was fit by 
nonlinear regression to estimate degradation lag time (L), the slowly degraded fraction (B), the 
undegradable fraction (C), and the disappearance rate (kd) of Fraction B. The soluble fraction (A) 
was calculated as 100% – (B + C). Effective ruminal disappearance (RD) was calculated as A + 
B * [kd /( kd + kp)]*e-(k

d
 + k

p
)*L with a ruminal passage rate kp assumed = 0.06/h. Estimates of RD 

for CP also were estimated independently using other methodologies that included: i) an in vitro 
(Streptomyces griseus) protease procedure; ii) a 10-h (single-endpoint) incubation in situ; and iii) 
calculated estimates of RD based on CNCPS fractions using kp = 0.06/h. 
 
Results and Discussion Concentrations of CP differed little among forages, averaging 236 g/kg 
(data not shown). NDF in roll-conditioned hay and silage averaged 414 g/kg in alfalfa and trefoil 
compared to 360 g/kg in red clover. Maceration increased NDF in all forages to 430 g/kg. CP, 
NDF and DM pool sizes in alfalfa and trefoil differed modestly, while red clover had the 
smallest A or C pools and the largest B pools. Switching conservation from silage to hay 
decreased A and increased B pools in NDF, DM, and especially CP. Switching from rolls to 
maceration shifted CP pool A to B in all silages and in high CT trefoil and clover hays, slightly 
shifted NDF pool C to pools A and B (primarily in clover), and modestly shifted DM pool A to B 
in red clover. Lag for CP and DM were usually shortest for alfalfa and longest for high CT trefoil. 
Switching from rolls to maceration increased L of NDF, particularly for HT trefoil. Among 
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forages, red clover had the lowest kd for CP, while switching from rolls to maceration reduced kd 
of CP and DM in hay but not in silage. 

Average RD of CP was 107 g/kg lower in HT trefoil and clover than in alfalfa, 65 g/kg less 
in macerated than in roll-conditioned forage, and 147 g/kg less in hay than in silage (Table 1). In 
situ RD of CP was reasonably predicted from CNCPS fractions (y = 0.985x + 1.65, R2 = 0.86) or 
a 10-h in situ incubation (y = 0.814x + 204, R2 = 0.89), but poorly predicted (R2 = 0.24) with in 
vitro protease (data not shown). Average RD of NDF was greatest for clover and lowest for high 
CT trefoil (Table 1.). While other forages were minimally affected, the RD of NDF in clover was 
enhanced by maceration and by conservation as silage. Average RD of DM was greatest for red 
clover (619 g/kg) and lowest for high CT trefoil (567 g/kg) and greater for silage (621 g/kg) 
rather than for hay (573 g/kg). Conditioning method had little or no effect on the RD of DM. 
 
Conclusions While having differing modes of action and effects on CP fractions, CT in trefoil 
and o-quinones in red clover yielded comparable reductions in the in situ RD of CP compared to 
alfalfa. Conditioning by maceration rather than rolls and conservation as hay rather than silage 
also considerably altered CP fractions and reduced in situ RD of CP in all forages by 
mechanisms apparently independent of polyphenol action. The RD of CP determined from in situ 
degradation kinetics was reasonably predicted from CNCPS fractions or by a 10 h in situ 
incubation, but not by a protease procedure. Polyphenols, conditioning method, and conservation 
method had relatively modest effects on NDF and DM fractions and their associated RD.   
 
Table 1. Ruminal degradability of CP, NDF, and DM in roll-conditioned or macerated hays and 
silages of alfalfa, low and high CT birdsfoot trefoil, and red clover determined by in situ kinetics  
 Alfalfa Low CT trefoil High CT trefoil Red clover 
CP (g/kg)      
  Hay (SEM 25.5)     
     Rolls 781a 696ab 635b 650b 
     Macerated 648ab 675a 589bc 534c 
  Silage (SEM 7.8)     
     Rolls 879a 861a 817b 736c 
     Macerated  827a 808a 749b 707c 
NDF (g/kg)     
  Hay (SEM 24.7)     
     Rolls 320a 289a 218b 312a 
     Macerated 271b 265b 178c 340a 
  Silage (SEM 26.3)     
     Rolls 305ab 252b 248b 353a 
     Macerated  294b 266b 261b 454a 
DM (g/kg)     
  Hay (SEM 21.2)     
     Rolls 615a 582ab 538b 618a 
     Macerated 536 582 542 572 
  Silage (SEM 12.2)     
     Rolls 640a 610ab 603b 635ab 
     Macerated  630ab 615bc 585c 652a 
Forage means within rows with unlike letters differ (P ≤ 0.05). SEM, standard error of the mean. 
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Introduction Maize silage when grown under the complete cover plastic mulch (CCPM) system 
can be produced at a similar cost to grazed grass and is approximately 20% cheaper than grass 
silage (Keady et al 2002).  Use of the CCPM system enables earlier sowing of maize and the use 
of later maturing higher yielding varieties consequently increasing yield by up to 6 t DM/ha 
relative to early maturing varieties grown in the open (Keady 2005).  Recent studies have shown 
that maize silage inclusion in the diet increases the performance of dairy (Keady et al., 2003, 
2008) and beef (Keady and Gordon 2006, Keady et al. 2007) cattle and can replace high feed 
value grass silage in the diet of pregnant ewes (Keady and Hanrahan 2008). When offered to 
beef and dairy cattle, maize silage has a concentrate sparing effect of up to 2.5 and 5.0 kg/head 
daily (Keady 2005). Increasing the feed value of grass silage reduces the quantity of concentrate 
required to maintain the performance of beef and dairy cattle.  The objective of the current study 
was to evaluate the effects of (i) maturity of maize at harvest, (ii) protein supplementation, (iii) 
feed value of grass silage and (iv) potential concentrate sparing effects of high feed value grass 
and maize silages on the performance of pregnant ewes and their progeny. 
 

Materials and Methods High and low feed value grass silages were harvested on 3 May and 5 
June respectively and ensiled precision chopped treated with a bacterial inoculant following a 24 
h wilting period.  Two maize silages were produced from the variety Benicia either grown in the 
open (sown on April 27) or under the CCPM system (sown on April 5), and ensiled precision 
chopped treated with an inoculant based additive.  The grass silages were offered ad libitum 
supplemented with either 15 or 25 kg concentrate per ewe in late pregnancy.  The maize silages 
were offered with either 0 or 200 g soyabean meal/ewe daily and supplemented with 15 kg 
concentrate per ewe in late pregnancy.  The high feed value grass silage was also supplemented 
with 5 kg of soyabean/ewe during late pregnancy. The ewes which were offered the grass and 
maize silages received 20 and 30 g/ewe of mineral and vitamin mixture daily during late 
pregnancy respectively. The 9 treatments were offered to 160 ewes (Belclare x S. Blackface, 
Chamoise x S. Blackface) during mid and late pregnancy, which were housed in slatted floored 
pens from December to lambing in early March.  Post lambing all ewes and their lambs were 
grazed on pasture. Ewes rearing singles and twins received no concentrate supplementation.  
Ewes rearing triplets received 0.5 kg concentrate daily for 5 weeks post lambing and their lambs 
had access to 300 g concentrate/head daily until weaning.  Weaning occurred at 14 weeks of age.  
Post weaning, all lambs were grazed in one flock without concentrate supplementation until 
drafted for slaughter.   
 

Results and Discussion The mean DM and metabolisable energy concentrations of the low and 
high feed value grass silages and the low and high DM maize silages were 219, 250, 215 and 339 
g/kg and 11.3 [DM digestibility (DMD) 730 g/kg], 12.2 (DMD 790 g/kg), 11.0 and 11.6 MJ/kg 
DM, respectively. For maize sown in the open and under the CCPM system  forage yield was 
10.6 and 15.0 t DM/ha respectively.  The effects of the feed value of grass silage, maturity of 
maize silage, protein supplementation of maize silage and concentrate feed level on ewe 
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performance during mid and late pregnancy and subsequent lamb performance are presented in 
Table 1.  Increasing maturity of maize at harvest increased ewe post lambing live weight. The 
non significant improvement in lamb weaning weight of 1.2 kg/lamb is similar to the results of 
Keady and Hanrahan (2008). Supplementing maize with soyabean meal increased post lambing 
ewe live weight, and lamb birth weight but did not alter (P > 0.05) lamb performance.  
Increasing grass silage feed value increased post lambing ewe live weight and lamb birth and 
weaning weights and tended to reduce age at slaughter.  Concentrate feed level offered with the 
grass silage did not alter ewe or lamb performance.  There were no significant maize silage by 
soyabean supplementation or grass silage feed value by concentrate feed level interactions. 
 

Conclusions Maize silage can replace high feed value grass silage in the diet of pregnant ewes.  
High feed value grass silage reduces subsequent lamb age at slaughter or enables concentrate 
supplementation to the ewe in late pregnancy to be reduced by at least 80%. Increasing maturity 
of maize at harvest tended to increase lamb weaning weight.  
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Table 1. The effects of maturity of maize silage, grass silage feed value and concentrate level on    
animal performance  
 Maize silage (MS) dry matter Grass silage feed value (GS)     
 Low  High Low High  Significance3 
Soya (S)1/conc (C)2 0/15 200/15  0/15 200/15 0/15 0/25 0/5 0/15 0/25 s.e. MS S GS 
Ewe weight at lambing (kg) 63.0 68.6  68.2 76.6 61.2 61.6 70.4 73.6 73.6 2.15 ** ** *** 
Litter size (lambs/ewe) 2.09 1.74  2.04 2.03 1.95 1.80 1.62 1.65 1.81 0.171 NS NS NS 
Lamb weight (kg) – birth 4.62 4.92  4.65 5.29 4.60 4.56 4.85 5.13 5.13 0.168 NS ** *** 
                            - weaning 33.4 32.8  34.1 34.3 33.6 32.1 34.0 35.0 34.3 1.05 NS NS * 
Lamb weight gain (g/d) 296 289  303 299 300 284 301 309 302 10.17 NS NS NS 
Age at slaughter (days) 162 160  159 141 170 175 170 154 164 9.0 NS NS P=0.08 
Dressing proportion  0.426 0.425  0.421 0.429 0.430 0.425 0.424 0.439 0.425 0.0085 NS NS NS 
Carcass weight (kg) 18.9 18.2  19.1 18.7 18.8 19.1 19.4 19.6 19.2 0.43 NS NS NS 
Fat classification 4 3.1 2.8    3.0 2.9 2.8 3.0 2.9 3.0 2.9 0.12 NS P=0.07 NS 

1Soya = g/d for duration of the study.  2Concentrate = kg in late pregnancy.  3There were no significant concentrate (C) effects or 
maize silage x soyabean meal or grass silage x C feed level interactions. 4 Fat classification (scale 1 – 5; where 1 = thin, 5 = fat) 



 

XVth International Silage Conference Proceedings 135 

Effect of grass silage harvesting time on the performance of  
growing/finishing bulls 
Å.T. Randby1, P. Noergaard2 and M.R. Weisbjerg3 
1Norwegian University of Life Sciences, Ås, Norway, 2University of Copenhagen, Denmark, 
3Aarhus University, Denmark; Email: ashild.randby@umb.no 
 
Introduction Due to climate and topography, approximately two-thirds of agricultural land in 
Norway is covered by grass. Timothy grown with meadow fescue and red clover in a 
multispecies sward is the main forage crop harvested for silage, which is the predominant winter 
feed in both dairy and beef production. The objective of the present study was to investigate the 
potential of bulls of the Norwegian Red breed to utilize grass resources in a rather intensive 
production, with no or only a small amount of concentrates supplementation. 
 
Materials and Methods In 2006, a grass crop consisting of, on average, 0.6 timothy (Phleum 
pratense), 0.28 meadow fescue (Festuca pratensis), 0.05 red clover (Trifolium pratense) and 
0.07 other species, mainly quack grass (Agropyron repens), was harvested at 3 stages of 
maturity, with 1-week intervals, where the third harvesting time equaled average harvesting time 
in Norway. Mean stage by weight of timothy was measured to be 2.44, 2.73 and 3.30 at harvest 
time (H) 1, 2 and 3, respectively. Fresh herbage was wilted for 2 to 7 h during daytime or 14 to 
22 h over night, to 250-350 g DM/kg and 4.3 L/ton of a formic acid based additive was applied. 
The crop was baled using Orkel GP 1260 fixed chamber roundbaler with 20 fixed knives and a 
theoretical chop length of 54 mm and wrapped in 6 layers of 0.75 m wide and 0.025 mm thick 
white Raniwrap. From birth, 36 male calves of Norwegian Red were offered ad libitum feeding 
of grass silage and hay, 4-8 l/d of acidified milk the first 3 months, and up to 1.5 kg/d of 
concentrate. When the calves were 7 months old they were fed ad libitum with silage from H2 
plus 1 kg/d of concentrates in a 14-d preliminary period before they were allocated to 6 dietary 
treatments which included ad libitum feeding of either H1, H2 or H3 silage with or without 
supplementation with concentrate. From start of experiment (288 kg live weight (LW)) the 
supplemented bulls received 2 kg concentrate daily, increasing to 3 kg at 385 kg LW and to 4 kg 
at 500 kg LW, individually for each animal. Concentrate was based on barley, oats, wheat, peas, 
rape seed meal and molasses, and contained 165 g crude protein (CP)/kg DM. All animals 
received mineral-vitamin mix. Bulls were weighed at 1100 h three consecutive days at grouping 
following the preliminary period, after 21 days on experimental diet, and prior to slaughter at 
575 kg LW. Additionally they were weighed 2 consecutive days every 4 weeks throughout. 
 
Results and Discussion Due to successful wilting and application of a formic acid based 
additive, all silages were restrictedly fermented with 62, 75 and 41 g lactic acid/kg DM and 6, 7 
and 5 g acetic acid/kg DM, respectively for H1, H2 and H3. The silages contained 299, 271 and 
322 g DM/kg, 160, 139 and 108 g CP/kg DM, 476, 530 and 602 g NDF/kg DM and 31, 38 and 
63 g INDF/kg NDF, respectively for H1, H2 and H3. D-values determined with sheep were 747, 
708 and 647 g digestible OM/kg DM, pH was 4.43, 4.18 and 4.31 and NH3-N per kg total N was 
81, 96 and 100 g, respectively for H1, H2 and H3. When silage was fed as the sole feed, intake 
decreased with increased crop maturity, with only a minor non-significant difference between H1 
and H2 (Table 1). Concentrate supplemented bulls ingested less silage, and intake of silage from 
H2 and H3 was similar. Substitution rates (reduction in silage DM intake/kg concentrate DM 
intake) were 0.63, 0.75, and 0.33 for H1, H2 and H3, respectively, which were in accordance 
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with the higher substitution rates often found for high-intake than for low-intake silages. The 
highest NDF intake of 11.1 g/kg LW was found for non-supplemented bulls fed H2 and H3 
silage and supplemented bulls fed H3 silage. Daily LWG increased by improved silage quality 
and by concentrate supplementation (Table 2). The effect of concentrate on LWG increased 
notably with silage crop maturity. Although energy intake was higher for concentrate 
supplemented bulls fed H1 compared with H2 silage (72.4 vs. 64.1 MJ NEg), their daily LWG 
was equal (1570 and 1567 g/d). This suggests that the growth rate obtained was close to the 
genetic potential of the bulls, and that a higher portion of the energy intake was directed towards 
body fat accretion for bulls fed H1 silage with concentrates.   
 
Conclusions Beef production on farms may be improved considerably if silage quality is 
improved by earlier harvesting and good preservation with reduced extend of fermentation. An 
intensive beef production with Norwegian Red bulls finished at 575 kg LW only 14 to 15 months 
old may be based almost entirely on local grass resources, as pasture and high quality timothy 
silage, with only a minor concentrate supplementation during the rearing period of calves. 
 
 Table 1. Effect of harvest time for silage and concentrate supplementation on daily intake 
 Harvest time (H) without or with concentrate (C)   
 H1 H1 C H2 H2 C H3 H3 C SEM P 
Silage, kg DM 9.13a 7.45 bc 8.89 a 6.92 c 7.78b 6.91c 0.27 <0.001
Concentrate, kg DM  2.67  2.63  2.61   
Total diet, kg DM 9.13 b 10.12 a 8.89 b 9.55 ab 7.78 c 9.53 ab 0.28 <0.001
Total DM, g/kg LW 21.4 b 23.1 a 20.8 b 22.1 ab 18.4 c 22.2 ab 0.56 <0.001
Total NDF, g/kg LW 10.2 a 9.5 a 11.1 b 9.8 a 11.1 b 11.1 b 0.29 <0.001
ME1, MJ 103.7b 115.6 a 94.8 c 104.3b 74.8 d 96.8 bc 3.03 <0.001
NEg

2, MJ 64.5 b 72.4 a 57.2 c 64.1 b 42.7 d 57.3 c 1.84 <0.001
Crude protein, g 1506 b 1670 a 1289 c 1438 b 879 d 1213 c 42.0 <0.001
AAT3, g 705 c 873 a 671 c 816 ab 570 d 799 b 21.4 <0.001
PBV4, g 270 a 218 b 73 c 55 c -168 d -152 d 7.0 <0.001
a,b,c,dMeans in the same row with different superscripts differ (P < 0.05). SEM = standard error of 
the means. 1Metabolizable energy 2Net energy growth 3Amino Acids absorbed from the intestine 
4Protein balance in the rumen 
 
Table 2. Effect of harvest time for silage and concentrate supplementation on age at slaughter, 
live weight (LW) and daily live weight gain (LWG) of bulls 
 Harvest time (H) without or with concentrate (C)   
 H1 H1 C H2 H2 C H3 H3 C SEM P 
Age at grouping, d 238 241 237 242 237 237 6.6 NS 
Age at slaughter, d 450 ab 427 a 466 b 432 a 543 c 454 ab 10.2 <0.001
LW at grouping, kg 286 291 288 288 288 289 4.6 NS 
Initial LW1, kg 306 317 308 315 305 313 5.4 NS 
Final LW, kg 572 572 568 577 572 573 3.0 NS 
LWG first 21 d2, g/d 953 cd 1233ab 991 bcd 1275 a 820d 1169abc 94.3 0.01 
LWG in expt.3, g/d 1423ab 1570 a 1262 b 1567 a 936 c 1357 b 55.8 <0.001
1 21 days after grouping (start LW with rumen fill according to treatment) 2 21 d-period which 
includes effect of changed rumen fill 3 From initial to final LW  
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Challenges of tropical silage production 
A. T. Adesogan 
Department of Animal Sciences, University of Florida, Gainesville, Florida, USA; 
Email:adesogan@ufl.edu 
 
INTRODUCTION 

The area between latitude 23.5oN and 23.5oS, defined as the tropics, is characterized by a 
warm, humid, frost-free climate. Average temperatures in each month are at least 18oC but 
Koppen’s Classification Scheme divides the tropics into the following sub-regions based on 
precipitation differences: 1) The tropical rain forest with at least 60 mm of rainfall in each month 
and no dry season; 2) The tropical monsoon with a short dry season and at least one to two 
months having less than 60 mm of rainfall; 3) The tropical savannah with several months having 
a distinct dry period with less than 60 mm of rainfall (McKnight and Hess, 2000). Areas 
immediately north and south of the tropics with average temperatures of at least 10oC for eight or 
more months are regarded as the subtropics. 

The grasses in the tropics and subtropics are the backbone of livestock systems in much 
of the world and make up about 85% of the feed supply for meat, milk and fiber production in 
warm climates (Coleman et al., 2004). Tropical/subtropical grasses growing in areas between 
latitude 30oN and 30oS where plant growth is interrupted by long cold or dry spells are also 
called warm-season grasses (Moser et al., 2004). The term tropical forages will also be used to 
represent subtropical and warm-season forages in this paper. 

Tropical forages are highly productive during the growing or rainy season, but dormant 
or senescent during the dry or winter season. Frequent, heavy rainfall or high humidity at the 
time of harvest in the tropics/subtropics inhibits the rapid and extensive drying necessary for 
haymaking. Consequently, ensiling is a potentially important alternative forage conservation 
method in the tropics. Nevertheless, silage production in the tropics is plagued by many factors. 
The objective of this paper is to discuss challenges and obstacles to producing tropical silages 
and to evaluate strategies for enhancing their quality. 

Prior to discussing the challenges, it is important to differentiate between tropical silage 
production in low and high input farming systems. Similar climates prevail in both systems but 
other characteristics differ. In high input or extensive systems, the aim is to produce high quality, 
aerobically stable silages that improve the level and efficiency of performance of medium to high 
genetic merit livestock. In contrast, in low input systems, less attention is paid to these factors 
because of modest resource availability, the subsistence-farming goal, and the low productivity 
of the native livestock. In fact, silage is often only produced in such systems as a last resort when 
hay production or stockpiling is impossible (‘t Mannetje, 1999). Where applicable, silage 
production challenges relating to low or high input farming systems alone will be identified. 
 
PREREQUISITES FOR OPTIMIZING SILAGE QUALITY 

Silage production is optimized when forages with sufficiently high water-soluble 
carbohydrate (WSC) to buffering capacity ratios are: 
 Harvested at maturities that optimize nutritive value and yield and, if needed, wilted to dry 

matter (DM) contents that prevent clostridial growth and effluent production while avoiding 
nutrient losses; 
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 Chopped to lengths that optimize WSC release, compaction in the silo, and animal 
performance; 

 Packed into silos at a rate and density that rapidly excludes oxygen and minimizes DM and 
gas losses; 

 Promptly and properly sealed with airtight, weather-resistant, durable materials; 
 Fed in a way and at a rate that minimizes the growth of yeasts and molds and aerobic 

spoilage. 
 
CHALLENGES TO TROPICAL SILAGE PRODUCTION--FORAGE FACTORS 

A number of forage factors militate against achieving the prerequisites for high quality 
silage when it is produced from tropical forages. A key challenge to tropical silage production is 
the poor quality of tropical grasses. Knowledge of their physiology is key to understanding how 
their anatomy and chemical composition pose challenges to silage production.  
Physiology 

Warm-season or C4 grasses proliferate in subtropical and tropical environments because 
unlike most legumes and C3 or temperate grasses, they use the Hatch-Slack pathway to improve 
the efficiency of CO2 capture and utilization for the ensuing Calvin photosynthetic cycle (Taiz 
and Zeiger, 2002). In C3 grasses, which are so named because the first carbon fixation product, 3-
phosphoglyceric acid, is a three-carbon compound, the first step of the Calvin photosynthetic 
Cycle involves carboxylation of ribulose bisphosphate by ribulose-1,5-bisphosphate 
carboxylase/oxygenase (rubisco) in chloroplasts within mesophyll cells. Rubisco can bind both 
oxygen and carbon dioxide; photosynthesis proceeds when rubisco binds CO2, but 
photorespiration occurs when it binds O2, leading to reduced efficiency of carbon fixation by up 
to 40% (Taiz and Zeiger, 2002; Foster, 2008). Via the Hatch-Slack pathway, C4 grasses avoid 
this inefficiency by using phosphoenolpyruvate carboxypeptidase (PEPase) to fix CO2 to 
phosphoenolpyruvate. This results in production of four-carbon organic acids (hence the name 
C4), which are transported to the bundle sheath cells and decarboxylated (Hatch and Slack, 
1966). The released CO2 is bound to rubisco and the Calvin Cycle proceeds as in C3 plants 
(Hatch and Slack, 1966). Since PEPase has a higher affinity for CO2 than rubisco, it is not 
inhibited by O2 as in the initial C3 pathway carboxylation step. Only CO2 is transported to bundle 
sheath cells; therefore, rubisco becomes supersaturated with CO2 and this virtually eliminates 
photorespiration (Taiz and Zeiger, 2002). The greater energetic efficiency of the C4 pathway and 
its high optimal temperature (35 to 38oC; Long, 1999), coupled with the lower water and N 
requirements of C4 grasses (< 50% less; Moser et al., 2004), enable them to grow faster and 
produce greater yields than C3 grasses. This is particularly evident at high temperatures because 
photorespiration increases with ambient temperature (Ku and Edwards, 1978). 
Anatomy 

Moser et al. (2004) cited reports showing that C4 grasses have about twice as many veins 
per unit of leaf width as C4 grasses. The air space in C4 grasses (3 to 12%) is much less than in 
C3 grasses (10 to 35%) because, unlike C4 grasses, C3 grasses have loosely bound vascular 
bundles interspersed with intercellular spaces and air pockets. Cone and Engels (1990) reported 
that tissues of C4 species contain no intercellular spaces and the individual cells are linked tightly 
together by a highly lignified middle lamella and primary wall structure that is poorly digestible. 
Also, mesophyll cells of C3 plants are dispersed throughout the leaf and bundle sheath cells, 
whereas those of C4 plants are located near bundle sheath cells and are arranged in a Kranz or 
wreath structure that binds the epidermis to vascular bundles (Wilson, 1993; Figure 1). 
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Consequently, bacterial penetration into C4 leaves is slow and their digestion is impeded. In 
addition, Wilson and Hattersley (1989) reported that C3 grasses have greater proportions of 
mesophyll cells (53 to 67 vs. 28 to 47%), lower proportions of bundle sheath cells (5 to 20 vs. 12 
to 33%) and lower portions of vascular tissue (3 to 9 vs. 6 to 12%), such that greater proportions 
of thin-walled, non-lignified cells are present in C3 grasses. Furthermore, the epidermis, 
sclerenchyma, and vascular tissues in the outer parts of C4 plant stems develop more quickly than 
those in C3 species and have thicker and more lignified cell walls that tend to fuse together with 
maturity to a greater extent than in C3 species (Wilson, 1991). Collectively, these features hinder 
compaction of C4 grasses during silage production resulting in air pockets that impede 
fermentation and facilitate the growth of undesirable microorganisms like yeasts, molds, and 
enterobacteria. In addition, the high proportion of stems in some C4 species, and large stem 
diameter of others, prolongs field drying and increases the likelihood of weather-related DM 
losses Sollenberger et al. 2004). 

 
 
 
 
Figure 1. Cross sections of C3 and C4 grass leaves (Adapted from Taiz and Zeiger, 2002; Foster, 
2008) 
 

a. Cross section of a C3 grass leaf (Poa species) 

b. Cross section of a C4 grass leaf (Sugarcane; Saccharum offinarum) 
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Concentration and Composition of Components 
 Cell Walls and Digestibility. Due to their anatomical differences, C4 grasses generally 

have higher cell wall and lignin concentrations and lower DM and fiber digestibilities than C3 
grasses (Wilson and Hacker, 1987). Coleman et al. (2004) reported that C4 grasses have more 
potentially digestible cell wall material, but are degraded and fermented slowly because of their 
anatomical and chemical features. At the boot-head stage, ryegrass (Lolium multiflorum), a 
widely-ensiled C3

 grass, contains approximately 47 to 53% neutral detergent fiber (NDF), 33 to 
39% acid detergent fiber (ADF) and 8 to 12% crude protein (CP), whereas an 8-wk regrowth of 
bermudagrass, contains 70 to 75% NDF, 40 to 45% ADF and 6 to 8% CP (Ball et al., 2002). 
Jung and Vogel (1986) compared the composition of C3 versus C4 species and reported that the 
latter had greater concentrations of cell wall components and these appeared to be less digestible 
at all stages of maturity (Table 1). Lignin is the primary cell wall constituent limiting 
digestibility, but phenolic (coumaric and ferulic) acids that bind lignin to sugars in cell walls also 
impede digestion (Bartolome et al., 1997) and they have been spot-welding on a steel mesh 
frame (Ilyama et al., 1994). Concentrations of such acids are greater in C4 grasses than in C3 
grasses (Jung and Deetz, 1993). Akin (1986) reported that C4 grasses contained greater 
concentrations of phenolic compounds like p-coumaric acid and greater ratios of p-coumaric 
acid: ferulic acid than did C3 grass species, suggesting that these compounds may be responsible 
for limiting the extent of degradation in C4 grasses. These cell wall components combine with 
the unique anatomical features of C4 grasses to hinder forage compaction, which is necessary for 
establishment and maintenance of anaerobic conditions during ensiling. 
 
Table 1. Chemical composition and digestibility of C3 and C4 grasses harvested at different 
maturity stages (Jung and Vogel, 1986) 
 C3 grasses  C4 grasses 
 Orchardgrass Smooth bromegrass  Switchgrass Indiangrass 
Components      
      CP, % DM 10.0 - 27.2 6.5 - 18.8  3.2 - 17.9 5.1 - 12.6 
      Cell walls, % DM 43.1 - 60.8 38.2 - 64.5  57.7 - 74.3 69.7 - 75.9 
      Lignin, % CW 6.6 - 8.1 3.9 - 7.6  3.5 - 8.1 3.6 - 6.7 
      
Digestibility, %      
       Dry matter 65.1 - 84.6 51.0 - 81.7  35.6 - 75.4 41.9 - 65.3 
       Cell walls 54.9 - 85.9 38.1 - 78.9  23.8 - 79.3 37.3 - 68.1 
 

Fermentable Carbohydrates. Except for sugarcane, sorghum and corn, tropical silages 
typically have lower WSC concentrations than temperate grasses. Even in tropical grasses with 
high WSC concentrations like corn, high tropical/subtropical temperatures can reduce WSC 
deposition by reducing the rate of photosynthesis through inactivation of rubisco (Crafts-
Brandner and Salvucci, 2002). Adesogan (2006a) reported that of 134 corn silage hybrids 
examined in the 2005 Florida Corn Silage Hybrid Evaluation Trial, over 90% had less WSC than 
the average value (8% of DM) for 39,049 corn forages analyzed at the Dairy One Forage Lab. 
(Dairy One, 2009) and 25% had less WSC than required (5% of DM; Pitt, 1990) for optimizing 
the fermentation of corn silage harvested at 35% DM (Figure 2). Low WSC concentrations in C4 
grasses may reduce the relative rate and extent of acidification during ensiling. This also 
predisposes to heterolactic fermentations (Catchpoole and Henzell, 1971; Bates et al., 1989b; 
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Adesogan et al., 2004), which are inherently less energetically efficient than homolactic 
fermentations (McDonald et al., 1991). 

The primary stored fermentable carbohydrate in C3 grasses is fructan, whereas it is starch 
in C4 grasses (Moore and Hatfield, 1994). Despite its potential for improving the fermentation, 
little attention has been paid to hydrolyzing the starch in C4 grasses to WSC with amylase 
because most C4 grasses have low starch concentrations and others usually have sufficient sugars 
for enhancing the fermentation. 

Figure 2.  Water-soluble carbohydrate concentrations (% DM) of 134 corn hybrids grown in 
subtropical Florida. The dashed line shows the minimum WSC concentration for good 
fermentation (McDonald et al., 1991); the dotted line depicts the mean WSC concentration of 
39,049 corn forage samples analyzed at the Dairy One Forage Laboratory between 2000 and 
2008 (Dairy One, 1999). 

 
 Nitrogen. Because carbon dioxide is concentrated before binding with rubisco in the 

Hatch Slack Cycle, C4 plants need less rubisco than C3 plants for the same rate of photosynthesis 
(von Caemmerer, 2000). Consequently, C4 plants contain less rubisco and other photosynthetic 
enzymes, which together account for up to 50% of leaf N (Long, 1999). Although this implies 
greater efficiency of N use in C4 plants, it also results in lower N concentrations relative to C3 
plants. This does not negatively affect silage quality but highlights the need for supplementary N 
in diets of livestock consuming C4 silages. This is particularly important in high-producing 
livestock because the proteolysis caused by the suboptimal C4 grass fermentation often reduces 
the quality of the plant true protein.  

Buffering Capacity. Buffering capacity reflects resistance to pH change caused by 
anionic compounds in forages, accordingly forages with high values are more difficult to ensile 
(Woolford, 1984). Tropical grasses have a wide range of buffering capacities with higher values 
(> 350 meq NaOH/kg DM) occurring at immature vegetative stages (Imura et al., 2001 cited by 
Sollenberger, 2004). However, values typically become less than 300 meq NaOH/kg DM at 
maturity stages at which tropical forages are normally harvested for silage. Therefore, buffering 
capacity is not usually a critical limitation to ensiling C4 grasses (Sollenberger et al., 2004) 
unless they are harvested at low DM concentrations. In contrast, mature and immature tropical 
legumes have high buffering capacities, which usually hinder their fermentation. Foster (2008) 
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showed that pH did not drop below 4.5 in bahiagrass, pigeonpea, cowpea, perennial peanut, and 
annual peanut silages that had been wilted to 45% DM at harvest and ensiled for at least 185 
days in round bales (Table 2). Due to such findings, wilting, additive application or soluble 
carbohydrate addition is often necessary to improve the fermentation of tropical legumes. 

 
Table 2. Fermentation characteristics of bahiagrass and four tropical legumes ensiled for at least 
180 days  (Foster, 2008) 

Within a row means without a common superscript letter differ (P < 0.05). 
 
CHALLENGES TO TROPICAL SILAGE PRODUCTION--CLIMATIC CONDITIONS 
Rainfall and Humidity 

High humidity and heavy or frequent precipitation in tropical areas militates against 
silage production in several ways. In addition to narrowing the drying rate and harvest window, 
these factors provide conditions that are conducive for the growth of undesirable silage 
microorganisms. Clostridia grow optimally at high temperatures (37oC) and high water activities 
(>0.9; McDonald et al., 1991). Enterobacteria thrive in warm, humid conditions (Woolford, 
1984) and their optimal growth temperature is higher than that for most epiphytic lactic acid 
bacteria (Mundt, 1986 cited by Pahlow et al., 2004). Inhibitory effects of low pH on Clostridial 
growth are lessened when forage DM concentration is low (McDonald, 1991; Pahlow et al., 
2004). To overcome adverse effects of a slight rainfall shower during a bermudagrass harvest in 
Florida, Adesogan et al. (2004) spread the forage on a tarp and air-dried it with a ventilation fan 
for 3 h to facilitate wilting. Although a short (1 – 4 h) wilt normally suffices to improve 
bermudagrass fermentation in Florida (Umana et al., 2001; Kunkle, 2003), acetate (4.75%) was 
the main organic acid in the resulting bermudagrass silage and high concentrations of butyrate 
(2.3%) and ammonia-N (37.6% of total N) indicated that a clostridial fermentation had occurred. 
The latter resulted in very stable (27 d) but poorly digestible silages (vitro digestibility of organic 
matter = 32.6%). Kim and Adesogan (2006) demonstrated that, in corn silages, rainfall at harvest 
reduced yeast counts and improved aerobic stability slightly but also increased water activity and 
proteolysis, made the fermentation more heterolactic (higher ethanol and acetate), reduced the 
extent of fermentation (higher residual WSC), and increased proteolysis (higher NH3-N). Muck 
et al. (2003) also noted that high moisture levels at ensiling could restore enzyme activity in dry 
forages and facilitate the growth of proteolytic bacteria in the silo. The proteolysis and 
accompanying deamination increase ammonia production, which buffers the pH drop required to 

 Bahiagrass 
Annual 
Peanut 

Perennial 
Peanut Cowpea Pigeonpea SEM

pH 5.11b 5.18ab 4.60c 4.82bc 5.43a 0.14 
NH3-N, % Total N 11.59 23.33 17.63 22.98 18.21 3.30 
Lactate, % DM 0.45b 1.82a 1.02b 1.26ab 0.50b 0.35 
Acetate, % DM 0.43c 1.26a 0.68bc 1.72a 1.11ab 0.26 
Propionate, % DM 0.02 0.06 0.0 0.08 0.0 0.03 
n-Butyrate, % DM 0.01c 0.87a 0.77ab 0.51abc 0.34bc 0.25 
Total VFA, % DM 0.52b 2.19a 1.45a 2.32a 1.40ab 0.43 
Lactate:Acetate 1.06abc 1.45ab 1.56a 0.73bc 0.58c 0.30 
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stabilize the fermentation, and may increase synthesis of biogenic amines that can reduce feed 
intake or cause metabolic problems in cattle (Phuntsok et al., 1996). 

In addition to direct effects on silage quality, heavy rainfall creates flooding conditions 
that can decrease crop productivity and waterlog pastures, thereby delaying or preventing 
harvests. Furthermore, rainfall at harvest predisposes to effluent production and increased DM 
losses particularly in low DM forages (Fransen and Strubi, 1998). Soluble nutrients lost as 
seepage or effluent from silos reduce silage quality and may contribute to environmental 
pollution or increasing eutrophication, algal blooms and deaths of marine organisms in water 
bodies. 
Temperature  

High temperatures can reduce the rate of photosynthesis (Crafts-Brandner and Salvucci, 
2002) and reduce plant yields (Park and Sinclair, 1993). Ensiling at high temperatures reduces 
lactic acid concentration and aerobic stability, and increases pH and DM losses (Weinberg et al., 
2001; Ashbell et al., 2002). Kim and Adesogan (2006) reported that ensiling at 40°C instead of 
20°C increased the pH, residual WSC, and NH3-N concentration, and reduced aerobic stability 
and the lactic to acetic acid ratio, but increased proteolysis, and secondary fermentation. Others 
have also shown that high ensiling temperatures reduce numbers of certain lactic acid bacteria 
(Weinberg et al., 1998, 2001), enhance proteolysis (Muck and Dickerson, 1988; Weinberg et al., 
2001), and make the fermentation less homolactic (McDonald et al., 1966; Weinberg et al., 
2001). 

However, high ensiling temperatures can benefit cell wall hydrolysis. Kim and Adesogan 
(2006) reported that a higher ensiling temperature (20 vs. 40°C), decreased fiber concentration 
and increased digestibility. This concurs with observations that ensiling ryegrass at 37 instead of 
22°C increased hemicellulose hydrolysis to xylose and arabinose because the temperature optima 
for hemicellulase enzymes is 30 to 40°C (Dewar et al., 1963). Cellulose hydrolysis was also 
found to be greater at 35°C than at 25°C due to greater cellulase activity at the higher 
temperature (Pitt, 1990). Such increased fibrolysis can improve digestibility of ensiled high DM 
or mature forages, but it can cause seepage-related nutrient losses and decreased digestibility in 
low DM forages (McDonald et al., 1991).  

High ensiling temperatures have also increased the indigestible protein (ADICP) 
concentration of forages (Garcia et al., 1989; Kim and Adesogan, 2006). This reflects the 
formation of heat-damaged proteins through the Maillard reaction, which involves complexing of 
WSC and amino acids. In silages, the reaction is optimized at high temperatures, typically 35 to 
40°C (Muck et al., 2003).  High temperatures have also increased production of acetoin in silages 
(Kim and Adesogan, 2006), which causes respiratory problems when oxidized into diacetyl. 

 
CHALLENGES TO TROPICAL SILAGE PRODUCTION--PESTS, DISEASES,  
AND TOXINS 

The European corn borer (Ostrinia nubilalis) is a major pest on all types of corn in the 
US. Although it produces only one generation annually in northern states, it produces four 
generations per year under the hot, humid conditions in the southern states (Van Dyk, 1996). 
Tropical climatic conditions are also conducive to proliferation of many bacterial and fungal 
pathogens that cause stalk rot, smut, leaf blight, rust, and other diseases of tropical forages. 

Mole cricket (Orthoptera), spittlebug (Hemiptera), grasshoppers (Orthoptera), and leaf-
cutting ants (Hymenoptera) are the main insect pests of tropical grasses (LaPointe and Sonoda, 
2001, cited by Moser et al., 2004). In addition to reducing productivity or destroying crops, these 
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pests and diseases predispose silage crops to growth of mycotoxin-producing Penicillium, 
Aspergillus, and Fusarium molds (Ono et al., 1999; Raid and Kucharek, 2005; Samapundo et al., 
2005). Queiroz et al. (2009) evaluated how the level of southern (or ‘tropical’) rust infestation 
affects the quality of a tropical corn silage hybrid. Concentrations of DM, NDF, and ADF 
increased with the level of rust infestation, whereas DM digestibility and concentrations of 
lactate, acetate, ammonia-N, and total volatile fatty acids decreased linearly. Furthermore, severe 
rust infestation was associated a level (5.2 mg/kg) of aflatoxin production that exceeded the US 
Food and Drug Administration action level (20 µg/kg), indicating that the silage was unsafe to 
feed. This clearly illustrates that in addition to production losses, tropical pests and diseases can 
predispose silages to mycotoxin contamination making them hazardous to feed. Queiroz et al. 
(2009) also demonstrated that tropical corn silages grown during the hot and humid Florida 
summer had atypically high concentrations of zearalenone. 

Although aflatoxin-producing molds occur widely in temperate, subtropical and tropical 
climates throughout the world, aflatoxins are predominantly associated with commodities of 
subtropical and tropical origin (FAO, 2001). In fact, the growth of several mycotoxin-producing 
molds is optimized under the warm, humid conditions that characterize the tropics and subtropics 
(Table 3). Consequently, health hazards associated with handling or feeding mycotoxin-
contaminated silages (Whitlow 2005; Whitlow and Hagler, 2004; Adesogan, 2006b) are likely to 
be more prevalent in tropical silages. In addition, these molds also deplete nutrients and reduce 
the shelf life of tropical silages. 
 
Table 3. Molds and mycotoxins of world-wide importance and their suggested optimal growth 
temperatures (T), water activity levels (Aw), and mycotoxin-production temperatures (FAO, 
2001) 

Mold species Mycotoxins produced Optimum 
growth T, oC

Optimum1 
growth Aw 

Optimum 
mycotoxin 

production ToC
Aspergillus parasiticus Aflatoxins B1, B2, 

G1, G2 
30 >0.99 20-30 

Aspergillus flavus Aflatoxins B1, B2 30 >0.99 20-30 
Fusarium sporotrichioides T-2 toxin 24 – 26 0.88 – >0.99 U 
Fusarium graminearum Deoxynivalenol (or 

nivalenol) 
23 – 28 0.90 - >0.99 U 

 Zearalenone   U 
Fusarium moniliforme (F. 
verticillioides) 

Fumonisin B1 23 – 28 0.87->0.89 U 

Penicillium verrucosum Ochratoxin A 4 -31 >0.81 4 – 31 
Aspergillus ochraceus Ochratoxin A 25 – 31 >0.79 25-38 

         1Where the optimum Aw is unknown, the minimum to maximum values for growth are shown. 
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CHALLENGES TO TROPICAL SILAGE PRODUCTION—SOCIO-ECONOMICS  
AND INFRASTRUCTURE 
Infrastructure 

Most of the challenges discussed above apply to both high and low input farming systems 
in the tropics, whereas those discussed in this section apply to low input systems. Silage 
production in high input systems is aimed at maximizing or at least optimizing animal 
performance and is characterized by extensive use of equipment to automate the silage 
production process. In contrast, in low input tropical silage production systems, objectives range 
from subsistence farming to moderately enhancing animal performance. Therefore, silage-
making equipment often consists of basic implements such as machetes, and a manually-fed, 
basic forage chopper. Advanced equipment for optimizing silage production is unaffordable in 
such systems and the few livestock kept do not justify their use. Consequently, silages produced 
are often poorly chopped, compacted, and unstable and they may be contaminated with sand 
especially when pit silos are used. 
Lack of Know-How  

Producers in most tropical low input systems lack information on the best agronomic and 
management practices for optimizing silage production. Ignorance about the best varieties, ideal 
maturities and chop lengths, and best wilting, packing, and sealing strategies also hinder quality 
silage production in tropical low input systems. 
Economics 

 Due to the problems discussed above as well as the labor intensiveness of low input 
silage production, and the availability of green forage year-round or crop residues, many have 
stated that costs of silage production in low input systems outweigh the benefits. In opening the 
Electronic Conference on Tropical Silage Production, ‘t Mannetje (1999) stated that silage 
production in such systems is not profitable; therefore, he recommended that silage should only 
be made in such systems if 1) ensiled forage is needed; 2) adequate quantities of quality forage 
are available for ensiling; and 3) conditions for good silage making can be met. He also 
mentioned that only excess forage, crop residues or by-products for which there is no other 
economic use should be ensiled. Several participants at the conference and the author of this 
paper disagree with this viewpoint because properly made tropical silages can help to overcome 
the problem of poor livestock nutrition, which is one of the main constraints to animal 
productivity in such farming systems. 
 
ENHANCING THE QUALITY OF TROPICAL SILAGES 
Wilting 

Wilting tropical grasses to DM concentrations of 30-40% DM is an important 
prerequisite for ensiling low DM (<25%) C4 grasses. In addition to improving the fermentation 
by concentrating WSC, wilting reduces buffering capacity and plant moisture to levels that 
inhibit Clostridial growth (Woolford, 1984). Wilting was more effective than application of 
enzymes, ammonia, or an inoculant at improving the fermentation of bermudagrass (Bates et al., 
1989a). However, wilting should be cautiously practiced because when excessive, the 
accompanying plant and microbial respiration can deplete plant nutrients and cause effluent 
production. The ideal wilting duration varies with forage species, maturity and chop length, and 
climatic factors like temperature, solar radiation, humidity, and wind speed. 

 
Addition of Supplementary Fermentable Substrate 
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Due to the low WSC concentration of C4 grasses, various sources of supplementary WSC 
have been successfully used to improve their fermentation including molasses (Table 4; Umana 
et al., 1991; Pilz et al., 1999; Adesogan et al., 2004; Huisden et al., 2009) and citrus pulp 
(Bernades et al. 2005) but sugarcane addition has been less successful (Neiva et al., 1999). 
Titterton and Bareeba (1999) noted that molasses addition at 3-5% has been effective at 
improving the fermentation of tropical grasses, but cautioned that if the silage DM concentration 
is low, added molasses may be lost in the effluent. Adesogan et al., (2004) showed that addition 
of molasses at 5% of forage DM at ensiling to bermudagrass reduced concentrations of butyric 
acid, ammonia-N, ADF, and residual WSC and increased DM recovery and in vitro digestibility. 
However, WSC should not be added to tropical forages that have high WSC concentrations. 
Huisden et al. (2009) reported that although addition of molasses at 3.5% of forage DM to corn 
forage at ensiling increased lactate concentration, it also increased ethanol and yeast counts, 
leading to rapid deterioration of the forage. Corn meal, coconut meal, cassava meal, and sorghum 
grain have also been used to improve the fermentation of tropical grasses via increasing the DM 
and fermentable carbohydrate content (Panditharane et al., 1986; Titterton and Babeera, 1999). 

 
Table 4. Effect of molasses addition and wilting on the fermentation of Kikuyu silages (Piltz et 
al., 1999) 

Experiment 1 Experiment 2 Treatment 
(kg molasses/t 
fresh forage) 

DM  
(g/kg) 

pH NH3-N 
(g/kg total N) 

DM  
(g/kg) 

pH NH3-N 
(g/kg total N)

Unwilted control 133 4.34 148.7 109 4.75 220.9 
 Fast wilt2 

0 224 4.45 136.2 92 4.87 453.7 
20 - - - 116 3.93 171.7 
40 - - - 116 3.76 189.3 
60 246 3.85 93.6 - - - 
 Slow wilt3 

0 239 5.51 260.4 91 4.87 436.6 
40 - - - 120 3.74 158.7 
60 257 4.03 137.4 - - - 
LSD1 (P<0.05) 11 0.10 15.6 9 0.13 58.4 

 1 Least significant difference; 2Tedded after mowing; 3 Windrowed after mowing 

Enzymes 
Fibrolytic enzymes have been successfully used to increase fiber and DM digestibility of 

tropical silages because they hydrolyze cell walls into fermentable WSC. Dean et al. (2005) 
determined that the quality of bermudagrass silage could be improved by applying 4cellulase, 
hemicellulose enzyme preparations. All enzymes reduced NDF and acetate concentrations, and 
increased aerobic stability, but the most effective enzyme also increased in vitro digestibility of 
DM and ADF, and decreased pH, ammonia-N, and DM losses. However, others have not 
succeeded in using enzymes or combinations of enzymes and inoculants to enhance the 
fermentation or quality of tropical grasses (Rodriguez et al., 1998; Mandebvu et al., 1999). This 



 

XVth International Silage Conference Proceedings 149 

ineffectiveness is probably attributable to use of inappropriate enzyme types, activities, rates, or 
application methods. More work is required to develop enzyme preparations that are consistently 
effective at increasing the fermentation and quality of tropical silages. 
Inoculants 

Bacterial inoculant application has had contrasting effects on tropical silage quality, 
partly reflecting differences in the inoculant and ensiling conditions (Titterton and Bareeba, 
2004; Nussio, 2005). Kunkle et al. (1988) stated that, over several studies, homolactic bacteria 
consistently improved the fermentation of bermudagrass, although they did not always improve 
DM recovery. Yet in other studies, molasses addition (Umana et al., 1991), wilting (de 
Figueiredo and Marais, 1994), or glucose addition (Tamada et al., 1999) was necessary for 
inoculant efficacy. Most of these complementary treatments increased the WSC concentration of 
the forage; therefore, adequate levels of plant or added WSC should be ensured before inoculants 
are added to tropical forages (Sollenberger et al., 2004). Nevertheless, homolactic inoculant 
application or supplementary WSC addition to tropical forages should be carefully monitored to 
avoid the aerobic spoilage that can result when such treatments increase substrate availability for 
lactate-utilizing yeasts that initiate deterioration. 

Despite their acetate dominated fermentations, tropical grasses can be susceptible to rapid 
deterioration because of high yeast counts resulting from incomplete air exclusion, or high sugar 
contents in grasses like sugarcane, corn or sorghum. Few studies have examined effects of 
applying newer aerobic stability-enhancing L. buchneri inoculants to tropical grasses. 
Lactobacillus buchneri improves aerobic stability by increasing the production of antifungal 
acids, particularly acetate (Driehuis, 1999). Some reports indicate that L. buchneri addition 
reduced losses and improved tropical silage fermentation (Pedroso, 2003; Adesogan et al., 2004) 
while others do not (Santos et al., 2009). More studies are needed on using inoculants to improve 
the quality and shelf life of tropical forages. 
Fermentation Inhibitors 

Despite the fact that strong acids applied alone or with formaldehyde have consistently 
improved the fermentation, they are not widely used because of cost, hazards, and handling 
difficulties on the farm (Titterton and Bareeba, 1999). Sollenberger et al. (2004) cited studies 
showing that formic acid application to elephantgrass and guineagrass in Brazil and Sri Lanka 
was ineffective and therefore, questioned the cost effectiveness and practicality of such 
treatments. Direct ammoniation or urea ammoniation can be used to prevent mold growth on 
silages. However, these additives should only be applied at rates of 0.5 to 1% to silages to 
prevent formation of imidazoles and pyrazines (from interaction of sugars and ammonia) that 
cause ‘bovine bonkers’ or ‘crazy cattle syndrome’. Applying higher quantities of urea or 
anhydrous ammonia can adversely affect the fermentation, particularly in low DM, low WSC, 
direct-cut tropical forages (Bates et al., 1989a; Bolsen, 1999). Other alkalis like lime and 
limestone can also be used to improve the fermentation of tropical silages (Santos et al., 2009). 
Nevertheless, except for nutrient sources, most additives are too expensive or unavailable for low 
input silage production systems. 
Improved Management Practices 

Due to the climatic, forage, infrastructural, and socioeconomic obstacles to silage 
production in the tropics, it is critical that excellent management practices are employed to 
optimize the quality of C4 silages. Particular attention needs to be paid to each of the 
prerequisites for optimizing silage quality mentioned earlier. Forages should be chopped to 
lengths less than 2 to 3 cm, packed to achieve densities approximating 240 kg/m3, and sealed 
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with water- and air-tight plastic on the day of harvest. In low input systems, silages should be 
stored in small bales to reduce production costs and to limit the surface area exposed during 
feedout. Producers should be urged to discontinue the practice of making silage as a last resort; 
instead they should be informed about the animal performance and financial benefits of making 
quality silages, and educated about management practices that optimize silage production. To 
overcome financial constraints to purchasing equipment by low input producers in the tropics, 
low-cost ‘appropriate silage making technologies’ should be developed and producers should be 
encouraged to form cooperatives to increase their buying power. 
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Effect of supplementing maize silage to Jersey cows  
grazing annual ryegrass pasture 
R. Meeske and G. D.van der Merwe 

Department of Agriculture, Western Cape, Outeniqua Experimental Farm, P.O. Box 249 
George, 6503, South Africa; E-mail: Robinm@elsenburg.com 
 
Introduction Kikuyu/ryegrass pasture forms the basis of pasture systems for dairy cows in the 
Southern Cape of South Africa. When pasture demand is higher than pasture supply, maize 
silage is often fed to cows as a supplement. Maize silage is a good source of fermentable energy 
but it may cause a decrease in rumen pH, which may reduce fiber digestion. The aim of the 
study was to determine the effect of feeding different levels of maize silage to Jersey cows 
grazing annual ryegrass on milk production, milk composition, liveweight change, body 
condition score and rumen pH. 
 
Materials and Methods Sixty Jersey cows were randomly allocated to three treatments (20 
cows per treatment). Maize silage was supplemented at 0, 2 or 4 kg DM/cow/day to cows from 
14:00 to 15:30 before the afternoon milking.  Groups were balanced for average milk 
production four weeks prior to the start of the study, days in milk and lactation number. Cows 
strip-grazed irrigated annual ryegrass (Lolium multiflorum, cv Energa) over-sown onto kikuyu 
pasture during March as one group. Pasture was fertilized with 55 kg N applied as Limestone 
ammonium nitrate (LAN) after each grazing. The grazing cycle was 28 days and grazing started 
in early Spring when the quality of ryegrass was high. Milk production was recorded daily and 
milk composition every 10 days during the measurement period. Cows were weighed and 
condition scored (1-5 scale) on two consecutive days at the start and end of the experimental 
period. Cows were milked at 06:00 and 15:30 and were fed 2 kg (as is) of concentrate during 
each milking. The experimental period consisted of an adaptation period of 10 days and a 
measurement period of 45 days. Eight rumen fistulated cows were randomly allocated to the 
control or the 4 kg maize silage supplement treatment. Cows were adapted to diets for 20 days 
before pH was measured for two periods of 48 h at 10 minute intervals using a WTW pH 340i 
pH meter/ data logger with a WTW SenTix 41 pH electrode (Wissenschaftlich-Technische 
Werkstätten, Info@WTW.com) Treatments were switched over and rumen pH was recorded.  
Samples of pasture, maize silage and concentrate were taken weekly during the measurement 
period. Pasture, maize silage and concentrate samples were analyzed for DM, OM, IVOMD, 
NDF, Ca, P and N. The fermentation parameters of maize silage were determined (pH, VFA, 
LA and NH3-N) Data were analysed using one-way ANOVA using SAS (1999) and 
significance was declared when P < 0.05. 
 
Results and Discussion Production parameters are shown in Table 1. Milk production and fat-
corrected (4%) milk production did not differ (P<0.05) between treatments. Milk fat content 
increased when 2 kg of maize silage was supplemented compared to the control treatment. 
Body weight and condition score of cows were not affected by maize silage supplementation. 
The MUN decreased as the level of maize silage supplementation increased. The DM content 
was 116 ± 11.9, 299 ± 34.1 and 920 ± 34.0 g/kg; CP: 279 ± 43.4, 83 ± 17.6 and 170 ± 4.2 g/kg 
DM; NDF: 431 ± 51.3, 505 ± 74.2 and 199 ± 27.5 g/kg DM; ME: 12.2 ± 0.43, 10.3 ± 0.89 and 
12.9 ± 0.11MJ ME/kg DM for the ryegrass, maize silage and concentrate respectively. Maize 
silage was well preserved (pH 3.59 ± 0.086, lactic acid 81 ± 13.7 g/kg DM, acetic acid 59.7 ± 
7.97 g/kg DM, propionic acid 2.07 ± 0.554 g/kg DM, butyric acid 1.67 ± 1.302 g/kg DM and 
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ammonia nitrogen 41.2 g/kg total nitrogen).  Maize silage ingestion caused an immediate 
decline in rumen pH. Rumen pH of cows grazing annual ryegrass was lower than 6 for a least 7 
hours during a 24h period. 
 
Conclusions Supplementing maize silage to cows grazing annual ryegrass did not affect milk 
production. Milk fat content increased when 2 kg of maize silage was supplemented per cow per 
day.  Maize silage ingestion caused a direct decline in rumen pH.  
 
Table 1. The effect of feeding maize silage on milk production, milk composition, live weight 
and condition score of Jersey cows grazing ryegrass pasture. Cows were fed 4 kg concentrate per 
day (n=20) 
 Control Low maize silage   

(2 kg DM/cow/day) 
High maize silage 

(4 kg DM/cow/day) 
LSDd 

Milk production (kg/day) 19.3 19.1 19.3 1.10 
Fat corrected milk (kg/day) 20.6 21.6 21.4 1.26 
Milk fat (%) 4.47 b 4.88a 4.76ab 0.323 
Protein (%) 3.55 3.55 3.57 0.120 
Lactose (%) 4.74 4.70 4.72 0.050 
MUNe (mg/dl) 21.6a 19.2b 17.1c 0.85 
SCCf (X 1000)
  

99b 147ab 229a 82.7 

Live weight start (kg) 358 362 370 21.7 
Live weight end (kg) 352 359 367 20.9 
Condition score start     2.19 2.18 2.25 0.121 
Condition score end
  

2.21 2.28 2.34 0.183 

a,b,c Means in the same row with different superscripts differ (P<0.05) , LSDd = Least significant 
difference, MUNe = Milk urea nitrogen, SCCf = Somatic cell count 
 
Figure 1. Rumen pH of Jersey cows grazing ryegrass during spring supplemented with 0 or 4kg 
DM of maize silage per day (n=8)  
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Mycotoxins in silages and total diets for dairy cows 
F. Driehuis and M. C. te Giffel 
NIZO food research, Ede, the Netherlands; Email: frank.driehuis@nizo.nl 
 
Introduction Dairy cows are exposed to mycotoxins present in feed, including silage. The major 
classes of mycotoxins of concern include aflatoxins, deoxynivalenol (DON) and other 
trichothecenes, zearalenone (ZEA), fumonisins, ochratoxin A and mycotoxins that are 
exclusively associated with moulds developed in silages, such as roquefortine C (ROQ) and 
mycophenolic acid (MYC). From the perspective of dairying, mycotoxins in feed are of dual 
concern. Firstly, they can have detrimental effects on animal health and, consequently, cause 
production losses. Secondly, mycotoxins may jeopardize the safety of milk and milk products, 
because of the possibility of (partial) carry-over from feed to milk. Of the major mycotoxins in 
dairy cattle feeds this holds true for aflatoxin only, which in most countries is effectively 
controlled. Risk assessment of mycotoxins for dairy cows requires reliable quantitative dietary 
exposure data. The objective of this study was to determine the total dietary intake of 20 
mycotoxins in lactating cows under practical farming conditions in the Netherlands. 
 
Materials and Methods Twenty-four dairy farms were visited twice and samples collected of all 
diet ingredients. Silage samples were taken from the silage that was offered to the dairy cows in 
the barn (generally a mixture of grass and corn silage). At 16 farms samples were also collected 
from the surface layer and the core area of the front face of the grass and maize silages that were 
being used in the ration at the time of the visit. Feed intake data were collected by means of 
questionnaires. In total 169 feed samples (48 complete diets) were analyzed for 20 mycotoxins 
using a HPLC-MS multimethod (Driehuis et al., 2008). 
 
Results and Discussion Silage and compound feed were the main diet ingredients, representing 
on average 67 and 23% of dry matter intake, respectively. DON and ZEA were the mycotoxins 
with the highest incidence in the diet (81 and 46%, respectively), and were detected in both the 
silage and compound feed fraction of the diet (Table 1). High incidences of ROQ and MYC were 
detected in silages (23 and 17%, respectively), indicating poor silage management practices. 
Extremely high concentrations of ROQ and MYC (up to 45 and 25 mg/kg, respectively) were 
detected in visibly moulded areas in surface layers of maize silage (Table 2). These areas were 
the main source of these mycotoxins in the diet. The incidence of fumonisins was low (detected 
in 2 compound feed samples). Other mycotoxins relevant to cattle, including aflatoxin B1, 
ochratoxin A, T-2 and HT-2 toxin, sterigmatocystin and ergotamine were not detected in any of 
the samples. Calculated average daily intakes of DON, ZEA, ROQ and MYC by dairy cows were 
5.0, 0.5, 2.0 and 0.9 mg/animal, respectively, and maximum daily intakes 19.3, 3.5, 38.9 and 
32.3 mg/animal, respectively. Based on available dose-effect data in literature no adverse effects 
on animal health are expected. However, these data are insufficient to speculate on possible 
chronic effects or effects of multiple mycotoxin interactions. Furthermore, because carry-over of 
these mycotoxins into milk is negligible, their occurrence in dairy cattle feedstuffs is not 
considered of significant concern with respect to the safety of dairy products for consumers.  
 
Conclusion In this study the dietary exposure of dairy cattle to a series of mycotoxins has been 
quantified. Maize silage was the most important source of mycotoxins in the diet, partly due to 
poor silage management. No acute adverse effects on animal health are expected. 
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Table 1. Concentrations of DON, ZEA, ROQ and MYC in mycotoxin-positive diets and 
percentage originating from the silage fraction 

Concentration in diet 
(μg/kg) 

 
Mycotoxin 

 
Positive diets1 

(%) Average Maximum 

Originating 
from silage 

(%) 

DON 81 320 (36)2 969 81 

ZEA 46 44 (12) 203 83 
ROQ 23 430 (202) 2211 99 
MYC 17 272 (224) 1840 99 
1 Diets with mycotoxin detected in one or more diet ingredients out of a total of 48 diets analyzed. 
2 SEM between parentheses. 
 
 
Table 2. Incidence and concentrations of ROQ and MYC in grass and corn silage and the silage 
mixture that was fed 

 ROQ MYC 
 
Feed 

Positive 
samples 

(%) 

Average 
concentration1 

(μg/kg) 

Positive 
samples 

(%) 

Average 
concentration 

(μg/kg) 
Silage mixture 44 568 (297) 38 256 (87) 
Corn silage     
   Core 25 96 (14) 0 <25 
   Surface 50 1,605 (552) 50 660 (289) 
   Molded spots 100 25,986 (4,239) 71 9,311 (4,345) 
Grass silage     
   Core 13 100 (40) 0 <25 
   Surface 19 128 (22) 13 40 (10) 
1 Average concentration and SEM (value between parentheses) of mycotoxin-positive samples. 
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Toxins from Aspergillus fumigatus in silages 
K. Meyer1, J. Ostertag1, W. Richter2, H. Spiekers2, and J. Bauer1 
1Technische Universitaet Muenchen, Center of Life and Food Sciences Weihenstephan, Institute 
of Animal Hygiene, Weihenstephaner Berg 3, 85350 Freising, Germany, 2Bavarian State 
Research Centre for Agriculture, Institute of Animal Nutrition and Feed Management, Grub, 
Germany; Email: Karsten.Meyer@wzw.tum.de 
 
Introduction Maize and grass silages are frequently contaminated with fungi. Data about the 
mycological conditions of silages has been supplied previously (Auerbach et al., 1998, El-
Shanawany et al., 2005, O'Brien et al., 2005, González Pereyra et al., 2007). Penicillium 
roqueforti, Monascus ruber and Aspergillus fumigatus were found to be most prevalent. 
Secondary metabolites of Penicillium and Monascus species (Roquefortine C, mycophenolic 
acid, monacolin K) were found in high concentrations (Schneweis et al, 2000, Schneweis et al., 
2001, Driehuis et al., 2008, Mansfield et al., 2008). A. fumigatus is also known as a producer of 
various secondary metabolites with cytotoxic, antibiotic, neurotoxic, and antiangiogenic 
properties. The production of verruculogen and fumitremorgin B by A. fumigatus on artificially 
contaminated maize silage has been demonstrated (Tueller, 1994). However, there is no 
information available about the presence of A. fumigatus metabolites in naturally contaminated 
silages. Therefore, grass and maize silage samples of three different qualities have been analyzed 
by a newly developed HPLC-MS/MS method. 
 
Materials and Methods Maize (n = 304) and grass (n = 280) silage samples were taken from 
bunker silos. The qualities were defined as normal (center of the silo), reheated and molded. For 
mycotoxicological examination, samples were extracted with acetonitrile/water (84/16, vol/vol). 
Subsequent to clean-up, the samples were analysed by HPLC-MS/MS. Seven metabolites of A. 
fumigatus were quantified by external standardization: fumagillin, fumigaclavine C, 
fumitremorgin B, gliotoxin, trypacidin, TR-2 toxin, and verruculogen. Further, 16 substances 
were analyzed qualitatively. 
 
Results and Discussion The formation of A. fumigatus metabolites on silages in the field could 
be demonstrated (Table 1). Notably molded silage samples contained considerable amounts of 
gliotoxin (maximum 1.546 ng/g dry matter), a highly cytotoxic substance that is probably 
impaired in the development of invasive aspergillosis. However, reheated samples were also 
found to be contaminated with partial high concentrations of mycotoxins. Beside cytotoxic, 
neurotoxic and antiangiogenic metabolites of A. fumigatus, a variety of tremorgenic substances 
such as verruculogen, fumitremorgin B and C, and TR-2 toxin were detected (Table 2). Maize 
silages were contaminated more often than grass silages. In addition, for most compounds the 
determined maximum levels were higher in maize than in grass silages.  
 
Conclusions Since A. fumigatus is not only an opportunistic pathogen but also a producer of 
several toxic metabolites under practical conditions, it may play a special role in animal nutrition. 
Although the specific toxicities in ruminants are largely unknown, the plurality and the high 
abundance of these metabolites are remarkable. As visibly molded, but also reheated silages may 
contain high toxin concentrations, adverse health effects on livestock cannot be excluded. 
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Table 1. Frequency of the occurrence of A. fumigatus metabolites in grass and maize silages 
 Positive [%] 
Silage quality Grass silage Maize silage 
Normal 38.9 46.6 
Reheated 49.0 48.7 
Molded 59.0 76.9 

 
Table 2. Occurrence of selected mycotoxins in maize and grass silages (n=584) 

 Gliotoxin Fumagillin Verruculogen FTB TR 2-toxin 

Max. [µg/kg] 513 1740 604 2080 685 
Mean [µg/kg] 4.3 12.5 6.6 11.9 6.7 
Positive [%] 7.9 4.8 13.2 10.1 5.7 

 Fumigaclavine 
C FQD Pyripyropene 

A FTC Trypacidin 

Max. [µg/kg] 18790 9940 3558.2 2020 13200 
Mean [µg/kg] 85.5 39.3 15.1 8.1 50 
Positive [%] 18.8 13.5 4.3 5.7 35.1 
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Control of E. coli O157:H7 in corn silages under anaerobic and aerobic 
conditions: Effectiveness and mode of action of bacterial inoculants 
A. F. Pedroso1, A. T. Adesogan 2, O.C.M. Queiroz2, and S.K. Williams2 

1Embrapa Sudeste, Sao Carlos, Brazil, Email: andrefpedroso@gmail.com, 2Department of 
Animal Sciences, University of Florida, Gainesville, United States, Email: adesogan@ufl.edu 
 
Introduction Cattle are important reservoirs of Escherichia coli O157:H7, which is one of the 
most important causes of food-borne disease.  The pathogen may be present in the feces, milk, 
saliva, skin, or feed of cows. Corn silage, a widely used component of dairy cow rations can be 
contaminated with E. coli O157:H7 via manure or irrigation water (Weinberg et al., 2004).  No 
studies have examined if bacterial inoculants that increase aerobic stability and maintain low pH 
after aerobic exposure can also prevent the growth of E. coli on aerobically exposed silages.  
This project aimed to 1) evaluate if different bacterial inoculants can eliminate E. coli O157:H7 
from contaminated corn silages during storage and feedout and to 2) examine if the inoculants 
exhibited and transferred antibacterial activity against E. coli O157:H7 to the silages.  

 
Material and Methods Chopped corn forage was ensiled after treatment with:1) distilled water 
(CON); 2) 5 × 105 cfu/g  of  E. coli O157:H7 (EC); 3) EC and 1 × 106 cfu/g of Pediococcus 
pentosaceus and Propionibacterium freudenreichii (EC+BII); 4) EC and 1 × 106 cfu/g of 
Lactobacillus buchneri (EC+LB); 5) EC and 1 × 106 cfu/g of L. buchneri and P. pentosaceus 
(EC+B500).  Each treatment was ensiled in triplicate in mini silos for 3, 7, 31, and 82 d and 
analyzed for pH and E. coli O157:H7 counts. Day-82 samples were also analyzed for volatile 
fatty acids, lactate, and aerobic stability or reinoculated with EC immediately after silo opening 
or after 144 h of aerobic exposure and E. coli were enumerated 24 h later. Antibacterial activity 
of inoculants and silages was determined by the Kirby-Bauer disc diffusion test.  

 
Results and Discussion The pH of silages from all treatments dropped below 4 within 3 d of 
ensiling and remained low until d 82.  Therefore, E. coli O157:H7 was not detected in silages 
after any of the ensiling durations. Applying L. buchneri inoculants resulted in less lactate, more 
acetate, and greater aerobic stability compared to CON (Table 1). Applying EC+BII did not 
increase propionate or aerobic stability.  The pathogen was not detected in silages reinoculated 
with EC on d 82 due to low pH (< 4).  However, CON, EC, and EC+BII silages reinoculated 
with EC 144 h after silo opening had relatively high pH values (4.71, 5.67, and 6.03) and E. coli 
counts (2.87, 6.73, and 6.87 log cfu/g; Figure 1), whereas those treated with L. buchneri had low 
pH values (< 4) and undetectable (EC+B500) or at least 10-fold lower (P > 0.05) E. coli counts 
(1.97, cfu/g; EC+LB).  All pure cultures of commercial inoculants produced a pH-independent 2-
3 mm inhibition zone against E. coli O157:H7 but no zone was evident in treated silage cultures, 
suggesting that E. coli elimination from the silages was mediated by pH reduction.    

 
Conclusion Inoculant treatment did not enhance E.coli elimination during fermentation. 
However, L. buchneri application maintained a low pH in aerobically exposed silages and 
thereby inhibited the growth of E. coli on such silages. 
 
Reference  
Weinberg, Z. G., G. Ashbell, Y. Chen, M. Gamburg, and S. Sela. 2004. The effect of sewage irrigation 

on safety and hygiene of forage crops and silage. Anim. Feed Sci. Technol. 116:271-280. 



 

July 27-29, 2009 – Madison, Wisconsin, USA 162 

 
Table 1. Dry matter, lactate, acetate, propionate, butyrate, and yeast and mold values for corn 
forage inoculated with Escherichia coli O157:H7 alone or in combination with commercial 
bacterial inoculants after 82 d of ensiling 

 Treatment1  
Attributes2 Control EC EC+BII EC+LB EC+B500 SE3 

DM, % 26.3ab 26.6ab 27.1a 25.0c 25.8bc 0.34 

Lactate, % DM 2.69ª 2.10ª 2.12ª 0.48b 1.10b 0.31 

Acetate, % DM 2.42c 1.73c 1.98c 4.77ª 3.81b 0.35 

Propionate, % DM 0.26 0.00 0.00 0.00 0.01 0.2 
Butyrate, % DM 0.21 0.00 0.00 0.00 0.00 0.11 
Yeasts and molds, log cfu/g 2.13ab 5.67ª 6.30ª 0.00b 0.00b 1.7 
Aerobic stability, h 20.8c 30.7bc 29.5bc 44.7ab 52.8a 4.11 
a,b,cMeans within a row with different superscripts differ (P < 0.05).  
1 EC = 5 × 105 cfu/g Escherichia coli O157:H7; BII =  1 × 106 cfu/g of P. pentosaceus  and 
Propionibacterium freudenreichii; LB = 1 × 106 cfu/g of L. buchneri; B500 = 1 × 106 cfu/g of 
Pediococcus pentosaceus and Lactobacillus buchneri. 
2 DM = Dry matter; cfu/g = colony forming units per gram. 
3SE = standard error. 
 
 

 
Figure 1.  Effect of reinoculation of corn silages with 1 × 106 cfu/g of E. coli O157:H7 (EC) 144 
h after silo opening (d 82) on pH and E. coli counts (EC; log cfu/g) 24 h later.  The corn forages 
had been treated at ensiling with or without 5 × 105 log cfu/g of E. coli O157:H7 (EC) or EC plus 
bacterial inoculants1.  1BII =  1 × 106 cfu/g of Pediococcus pentosaceus  and Propionibacterium 
freudenreichii; LB = 1 × 106 cfu/g of Lactobacillus buchneri; B500 = 1 × 106 cfu/g of P. 
pentosaceus and L. buchneri. S.E. values for pH and E. coli data were 0.41 and 1.04, respectively.  
Similarly shaded bars with different letters differed (P < 0.05). 
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The change of deoxynivalenol concentration during silage fermentation:  
A model experiment of inoculating corn ears with fungi producing the 
mycotoxin 
R. Uegaki*1, T. Tsukiboshi1, H. Kobayashi2 and Y. Cai1 
1National Institute of Livestock and Grassland Science Japan, 768 Senbonmatsu, Nasushiobara, 
Tochigi, Japan, 2Niigata University, 8050 Ninocho, Igarashi, Nishi-ku, Niigata Japan; E-mail: 
uegaki@affrc.go.jp 
 
Introduction There is concern with regard to the contamination of livestock animal feed with 
mycotoxins such as aflatoxin and deoxynivalenol (DON). Moreover, the problem of fungal 
generation in silage has become severe as the rolled bale system has spread. DON is a major 
mycotoxin in cereals such as corn, wheat, barley, etc., in the temperate and boreal climate zones. 
Clarification of the fate of DON is important in any measurement of DON. However, detailed 
data on change of DON levels has not been reported. This study examined whether mycotoxin 
increased while silage was stored in an experimental silo system. 
 
Materials and Methods Cultivation of corn and silage conservation experiment Corn 
(“KD850,” Kaneko Seed Co., Maebashi, Japan) seeds were sown in plastic containers (L, 560 
mm; W, 260 mm; H, 170 mm; one seed per container). They were placed in a greenhouse kept at 
20-30 °C all day under natural illumination. All pots were given adequate fertilizer and properly 
watered. After heading, a hole was bored in each corn ear with an eyeleteer, then 200 µL of 
DON-producing fungi [Fusarium asiaticum (MO285), 105 CFU/mL] was inoculated into the 
borehole. Twenty-seven days after this inoculation, the ears were harvested. Harvested ears with 
bracts were divided immediately after being harvested or after being left for 5 d. The corn ears 
were then used in the silage storage experiment [treatment conditions (A to H) are summarized 
in Table 1]. The silage storage experiment was performed using small-scale silos. One hundred g 
FM of chopped ears with bracts was packed into plastic bags, then degassed and sealed (n=3). 
The bags were stored for 25 or 30 d at room temperature. Fermentation quality was measured in 
terms of organic acid, NH3-Ncontent and pH. 

Analysis of DON Analysis of DON was performed using liquid chromatography–tandem 
mass spectrometry (LC/MS/MS). DON in dried and milled samples (2 g DM, A to H) was 
extracted with acetonitrile/water (30 mL, 25/4), then purified using multistep #227 (Romer Labs, 
Inc., Washington, U.S.A.). The LC/MS/MS conditions were as follows: An Alliance 
2695/Quattro micro API was used (Waters, Milford, USA); ionization mode: ESI negative; 
precursor ion (acetate adduct): 354.9 m/z; product ion: 294.1 m/z. 
 
Results and Discussion The MO285 inoculated corn grain showed disease symptoms (Fig. 1). 
As for the fermentation quality of the silage, no difference was observed between the MO285-
inoculated corn and the control corn (A to H, Tables 1 and 2). Just after the harvesting of the ears 
(E), the concentration of DON was 96 mg/kg [standard deviation (±) 14]. In ears that were stored 
for 30 days (F), after being left for 5 days (G), and after being left for 5 days and then stored for 
25 days (H), the concentrations of DON were 98 (± 8),  79 (± 16), and 97 (± 17)  mg/kg, 
respectively (Fig. 2). Since the concentration of DON in corn ears just after the harvest was very 
high and showed no changes in the terms of silage fermentation, it should increase during 
cultivation in the containers. No definitive relationship could be determined between the quality 
of the silage fermentation and the concentration of DON. 
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Figure 1.  
Disease symptoms of 
corn grain 

Table 1. Storage treatment and 
appearing microorganisms  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
 

 
 
 

Table 2. Fermentation quality of silage 

Figure 2 Concentration of deoxynivalenol in corn grain silage 
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Occurrence and survival in whole crop corn silage of Acetobacter pasteurianus 
N. Nishino, C. Wang, Y. Li, S. Parvin and K. Kan 
Graduate School of Natural Science and Technology, Okayama University, Okayama 700-8530, 
Japan, Email: j1oufeed@cc.okayama-u.ac.jp 
 
Introduction Acetobacter sp. are strictly aerobic bacteria and obtain energy by oxidizing ethanol 
to acetate or oxidizing lactate to acetate and carbon dioxide (Spoelstra et al., 1988). Because 
ensiling is based on the lactic acid fermentation after establishing an anaerobic environment, 
Acetobacter sp. and other acetic acid bacteria have not been implicated in the fermentation of 
forage crops. In a survey of bacterial community of bunker silos, we sampled untreated whole 
crop corn silage that had been stored for 18 months. This long-standing silage contained 
significant amounts of acetic acid and 1-propanol, and Acetobacter pasteurianus was isolated as 
the dominant bacteria from the plates of de Man, Rogosa, Sharpe (MRS) agar. To examine the 
roles of A. pasteurianus in forage preservation, an inoculation study was carried out using 
vacuum-packed laboratory silos.  
 
Materials and Methods Eight samples of whole crop corn silage were collected separately from 
a bunker silo. Samples were taken at levels of 0.5 m below the top and above the bottom and  
two outside and inside samples were taken at 0.5 m and 3.0 m depth from the side walls, 
respectively. Fermentation products were determined on water extracts, and bacterial community 
was determined by denaturing gradient gel electrophoresis (DGGE). Bacteria prevalent in MRS 
agar were purified for species identification and two strains of A. pasteurianus were obtained 
from the bottom samples. These isolates were added to  whole crop corn at 106 cfu/g to examine 
the effects on fermentation and the survival during ensiling. Triplicate silos were prepared by 
packaging 300 g of forages in plastic pouches (270 x 400 mm), and the fermentation products 
and aerobic stability were determined after 30 days. Survival of A. pasteurianus was judged by 
presence or absence of DNA bands in DGGE gels. 
 
Results and Discussion Distinct differences existed in fermentation products between top and 
bottom samples. Mean values for pH, lactic acid and acetic acid were 3.71, 1.70% and 1.19% in 
top samples, and 3.90, 1.19% and 2.61% in bottom samples, respectively. 1-propanol was found 
at all sampling positions, and the contents were comparable to lactic acid contents in bottom 
samples. The DGGE analysis revealed that Lactobacillus acetotolerance and Lactobacillus panis 
were present in the bottom samples, while A. pasteurianus was distributed uniformly in the 
bunker silo (Figure 1). Inoculation of A. pasteurianus increased acetic acid without detrimental 
effects on lactic acid production. These changes resulted in an improvement of aerobic stability. 
The DNA bands indicative of A. pasteurianus were detected in DGGE gels, suggesting that A. 
pasteurianus can survive anaerobic fermentation. 
 
Conclusion Aerobic acetic acid bacteria may tolerate anaerobic environments in silages and 
influence the fermentation. The potential of A. pasteurianus as a silage additive is worth 
examining.  
 
References 
Spoelstra, S.F., M.G. Courtin, and J.A.C. Van Beers. 1988. Acetic acid bacteria can initiate 

aerobic deterioration of whole crop maize silage. J. Agric. Sci. Camb. 111:127-132. 
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Table 1. Chemical composition and microbial counts of eight samples of untreated whole crop 
corn silage collected from a bunker silo (fresh weight bases) 
Sample No. 1 2 3 4 5 6 7 8 
Dry matter (%) 33.9 36.8 36.3 34.8 33.0 31.5 33.9 28.2 
pH 3.71 3.71 3.72 3.69 4.08 3.82 3.94 3.76 
Lactic acid (%) 1.71 1.76 1.75 1.59 0.61 1.32 1.05 1.76 
Acetic acid (%) 1.25 1.17 1.17 1.16 2.92 2.39 2.67 2.45 
Ethanol (%) 0.22 0.20 0.21 0.14 0.30 0.29 0.31 0.27 
1-Propanol (%) 0.38 0.14 0.14 0.13 1.26 0.96 1.12 0.79 
1,2-Propanediol (%) 0.03 0.03 0.03 0.06 0.00 0.00 0.00 0.06 
LAB (log cfu/g) <2.0 2.0 <2.0 7.78 4.07 5.23 4.55 5.70 
Yeasts (log cfu/g) <2.0 <2.0 <2.0 6.49 <2.0 5.03 4.16 4.21 
LAB; lactic acid bacteria. The sampling positions are shown in Figure 1. 
 

a Acetobacter pasteurianus
b Acetobacter pasteurianus
c Uncultured bacterium
d Lactobacillus panis
e Lactobacillus acetotolerans
f Lactobacillus acetotolerans
g Lactobacillus panis
h Lactobacillus panis

a
b

c

d

e

f

g h

1 2 3 4

5 6 7 8

1   2   3   4   5   6   7   8  
Figure 1. Bacterial community (pictured left) of untreated whole crop corn silage stored in a 
bunker silo for 18 months. The sampling positions (pictured right), numbered from one to eight, 
indicate sample numbers in Table 1 and bacterial community. 
 
Table 2. Effects of A. pasteurianus inoculation on the fermentation of  whole crop corn silage 
Item Control A. pasteurianus-1 A. pasteurianus-2 SE 
Dry matter (%) 32.7 32.0 33.2 0.40 
pH 3.62 b 4.23 a 4.22 a 0.01 
Lactic acid (%) 1.34 1.73 1.64 0.14 
Acetic acid (%) 1.07 b 1.92 b 3.04 a 0.24 
Ethanol (%) 0.37 0.46 0.52 0.06 
1-Propanol (%) 0.07 0.06 0.06 0.01 
1,2-Propanediol (%) 0.00 b 0.07 b 0.35 a 0.03 
LAB (log cfu/g) 5.24 b 6.25 b 8.15 a 0.26 
Yeasts (log cfu/g) 5.07 a 3.35 b 2.33 b 0.26 
LAB; lactic acid bacteria. Means of triplicate silos. Values in the same row with unlike 
superscript letters are significantly different (P<0.05). 
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Advances in silage harvesting 
Philippe Savoie1 and Kevin J. Shinners2 
1Research Scientist, Agriculture and Agri-Food Canada, Crops and Soils Research and 
Development Centre, Québec, QC, Canada G1V 2J3; Email: philippe.savoie@fsaa.ulaval.ca 
2Professor, Department  of  Biological  Systems  Engineering, University of Wisconsin, 460 
Henry Mall, Madison, WI  53706, U.S.A.; Email: kjshinne@wisc.edu  
 
INTRODUCTION 
 Thirteen years ago, Mr. Rich Adams of New Holland North America identified several 
new technologies and trends in alfalfa harvesting (Adams, 1996). He accurately predicted the 
increasing dominance of the disk mower over the traditional sicklebar mower in the North 
American market, a change that had already happened ten years earlier in the European market. 
He suggested that forage maceration might become more widespread mainly if its improved feed 
value was confirmed. He indicated that technology was already available to develop autonomous 
guidance systems for windrowers and other forage harvesting machines, but the time of adoption 
of these advanced technologies was hard to predict. Since then, many new ideas have been 
proposed in the area of silage harvesting. 

Conventional methods of silage harvesting are described in detail in several references 
(Shinners, 2003; Cromwell, 2003; Weinberg and Ashbell, 2003). Successful silage harvesting 
relies on two important assets: technology and management. Silage harvest technology has 
evolved continuously with several new commercial products. Some of the more advanced 
technologies (sensors, automatic control) can integrate information and management strategies 
into the hardware. This paper examines some of the recent advances related to silage harvesting. 
 
MOWING OF HERBAGE CROPS 
 The technology of mowing herbage crops is quite mature; the majority of farmers today 
prefer disk mowers over sicklebar mowers. Most discussion currently relates to mower 
adjustment. Thomas (2007) suggested that the conventional mowing height of 10 cm should be 
lowered to 5 cm for alfalfa-grass mixtures. Based on results in Table 1, the lower cut produced 
1.1 t of dry matter (DM) more yield per annum (total of three cuts) or 13% more than the higher 
cut. The quality was slightly lower (0.7 percentage unit less crude protein, 1.4 percentage unit 
more NDF, but no significant difference in ash or digestibility). The higher quality 10-cm cut 
produced 3% more milk per unit forage but produced 10% less milk per unit field area. The 
author’s conclusion was that, for most farmers, a 13% increase in yield would outweigh a 3%  
 
Table 1. Quality and productivity of alfalfa-grass mowed at 5- and 10-cm cutting heights, 
averaged over three cuttings (adapted from Thomas 2007) 
Item 5-cm 10-cm Probability 
Crude protein, % of DM 18.9 19.6 0.04 
NDF, % of DM 48.9 47.5 0.03 
Ash, % of DM 8.4 8.5 0.29 
NDF digestibility, %, (24 h) 54.3 55.5 0.26 
Total forage yield, t DM/ha 9.42 8.30 . . . 
Milk/unit forage, kg/t DM 3,358 3,450 . . . 
Milk/unit area, kg/ha 14,100 12,763 . . . 
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loss in quality. The optimal mowing height might not be the same in other crops (grasses tend to 
regrow more slowly than legumes after a low cut) or environments, so local adjustments have to 
be validated. Also, Thomas did not address issues of stand health and longevity, which would 
also be affected by cutting height. 

 
SWATH WIDTH 

Another mower adjustment is the width of the windrow or swath left after cuttting. 
Schuler (2006) showed that manufacturers now offer very wide mowers, up to 5.5 m (Figure 1). 
However, these very wide mowers tend to have conditioners or converging plates that narrow the 
forage to between roughly 30 to 60% of the cut width. Smaller mowers (those about 3 m wide) 
typically have the ability to leave a relatively wide swath that covers 70 to 90% of the cut width. 
Some of the large mowers (>4.5 m) also allow producing relatively wide swathes, covering up to 
60% of the ground while other large mowers produce only narrow swathes, covering less than 
30% of the ground. If making large swathes is important, the selection of the right mower-
conditioner is crucial because of these large differences in swath-to-mower width ratios. 
Large swaths have recently been promoted for silage making (Kilcer, 2006; Bagg, 2006). Kilcer 
(2006) suggested that mowed forage should cover 100% of the ground prior to ensiling because 
of faster field drying and reduced respiration which conceptually improves forage quality. 
Shinners and Herzmann (2006) showed how spreading the forage over a wide area increases the 
drying rate in the context of silage making. On Figure 2, windrowed, swathed and tedded forage 
covered about 35, 70 and 100% of the ground, respectively. Tedding was done at the time of 
mowing; conditioning was with intermeshing rolls. Over a 6-h wilting period, the narrow non-
conditioned windrow was the slowest to dry, from 75 to 70% moisture. The conditioned and 
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Figure 1. Maximum swath width versus cutting width for commercial mower-conditioners in 
North America (adapted from Schuler, 2006). 
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Figure 2.  Influence of conditioning and windrow manipulation on field drying of second cutting 
alfalfa (from Shinners and Herzmann, 2006). 

 
tedded forage dried from 75 to 57% moisture over the same time. Work from Shinners and 
Herzmann (2006) showed that at similar swath-to-cut width ratios, conditioned alfalfa dried 
faster than unconditioned crop. Even when placed in a wide swath or destined for ensiling at 
relatively low DM content, mechanical conditioning is an important requirement of the forage 
harvesting system that provides the highest quality silage across a wide variety of crops and 
weather conditions. 

A large swath-to-mower-width ratio usually implies an additional merging or raking 
operation prior to harvest (unless the harvester is equipped with a sufficiently large pickup). 
Because of the more rapid drying with a large swath, the moisture content of forage placed into 
the silo can be more variable if harvesting is not very well synchronized or if it is extended over 
several hours. A large swath is not so useful if the silage is stored at high moisture (>65%) in 
bunker silos. So several factors must be considered before definitively opting for very large 
swathes. 
 
CONDITIONING OF HERBAGE CROPS 

The conventional approach to herbage conditioning is to use aggressive devices such as 
flails or impellers for grass and less severe devices such as rubber rolls for alfalfa (Borreani et al., 
1999). In terms of innovation, very intensive conditioning, also known as maceration, received 
considerable research attention over a period of more than twenty years (between 1980 and 
2000). The concept of maceration was to break cell walls, facilitate rapid water evaporation and 
improve forage digestibility. Savoie (2001; 2003) reviewed research related to maceration, which 
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definitely showed an increase of field drying and silage acidification rate. Maceration also 
improved the dry matter intake and digestibility of forages fed to ruminants in several 
experiments but, in some cases, maceration actually caused high losses and produced a low 
quality feed, especially under rainy or humid wilting conditions. Less intensive conditioning was 
suggested to minimize field loss. 

Several companies today offer more intensive conditioning rolls that reportedly increase 
the field-drying rate (for example Agland Industries, 2009; Circle C Equipment, 2009). These 
conditioning systems are not as aggressive as the experimental devices originally proposed for 
maceration. However, they offer a compromise in terms of cost, drying benefit and risk of field 
loss that has allowed some market development, especially for the commercial hay growers that 
appreciate saving one day of field drying over a 4- to 5-day period typically required for hay 
production. The evaluation of such rolls has been limited (McMorran 1998), especially in the 
context of silage making. 
 
FORAGE HARVESTERS 

Retail sales trends continue to challenge the viability of pull-type harvesters with only a 
few models still offered worldwide. Sales of self-propelled forage harvesters (SPFH) are 
modestly increasing, but capacity increases apace. In 1995, the largest harvester was slightly 
over 400 hp and could harvest six rows of corn silage. Today, the most productive machines 
have engines up to 1020 hp and can harvest up to 14 rows. The limit to SPFH power and 
capacity may be approaching. Current harvesting capacity is challenging the capabilities of 
transport and silo filling/packing systems. Also, product development costs for these large 
harvesters are very high and the small annual volume makes it difficult to justify these 
expenditures. 

New developments have been or will be made to increase harvester productivity and 
performance, including: synchronizing the speed of the crop head, feed rolls and cutterhead with 
ground speed to produce more uniform crop flow; more compression rollers to better control 
crop mat and improve cut uniformity; on-the-go infinite adjustment of theoretical length of cut 
(TLC); automatic adjustment of TLC with changes in crop moisture; adjustment of cutterhead 
concave and accelerator/blower position to optimize crop flow; and axle suspensions for higher 
transport speeds. 

Forage harvesters will play an increasing role in biomass harvest. For instance, new crop 
headers to harvest plantation coppice crops are now available. Whole-plant crops (maize and 
small grains) intended for digestion to biogas require very small TLC, so new cutterheads with 
many more knives have recently been introduced. 

Like all diesel off-road equipment, major engine changes in self-propelled harvesters will 
be needed to meet upcoming stringent emissions standards. These emissions systems will 
increase the complexity and cost of the harvester and potentially increase specific fuel 
consumption. Forage harvesters work in dusty environments and vehicle fires can result. New 
emissions systems that feature regenerative diesel particulate filters will likely elevate engine 
compartment temperatures so fire detection and suppression systems may be needed on future 
forage harvesters. 

Although forage harvesters have high capacity, they also have high specific power and 
fuel requirements. Although some functions on the harvester are performed by convenient 
mechanisms, they may not be the most efficient systems. For instance, while conveying crop 
with an impeller/blower provides a simple way to fill forage transporters, much parasitic power 
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is wasted on acceleration, over coming friction and pumping air. Crop processors are intended to 
increase the specific surface area of the maize kernel and cob. But by sending the whole maize 
plant through the crop processor, the stalk, which represents about half the plant mass, is also 
unnecessarily processed in this device. Research and development work in the last three decades 
in England, Germany, Netherlands and Wisconsin have proposed alternative cutterhead, crop 
processing and conveyance devices that could significantly reduce power and fuel consumption 
required for producing chopped forage. Researchers investigated a forage harvester with a novel 
rotary slicing cutterhead that reduced the parasitic losses associated with recompression of the 
incoming forage mat and acceleration (Koegel et al., 1985; Knight, 1987). Cutting specific 
energy requirements were reduced by up to 50%. Hilhorst (2009), Wolters and Wubbels (2002) 
and others have suggested that harvester capacity could be increased and processing 
effectiveness improved by separately processing the maize ear from the stalk. The ear would be 
stripped from the stalk at the header and then processed on the harvester in a roll or hammer mill. 
The stalk would simultaneously be chopped with a cutterhead and the two streams could either 
be recombined as they exit the harvester or handled and stored separately. A twin belt 
mechanical elevator was investigated as a replacement for the impeller/blower to deliver the 
chopped crop into forage transporters. Reduction of parasitic losses to friction, acceleration and 
pumping air helped reduce conveyance specific energy requirements by 50% to 70% (Knight and 
Klinner, 1983; Knight, 1987). Although these alternative design configurations have not yet 
proven marketable, as we search for more sustainable forage systems, these ideas may yet prove 
valuable. 

   
SELF-LOADING WAGONS 

Self-loading forage wagons (SLFW) are pull-type harvesters used in northern Europe, 
Australia and New Zealand to harvest direct-cut or wilted grasses or legumes, but not whole-
plant corn silage. SLFW combine loading, size-reduction, compression and transport so, if the 
haul distance is short, then harvest and logistics costs are reduced over conventional systems. 

Compared to a SPFH, a SLFW has lower ownership and operating costs, lower labor 
needs, and reduced specific fuel consumption. However, SLFW can only harvest windrowed 
crops, cannot chop as fine, and productivity is highly dependent on distance from field to silo. 
Productivity is a major concern with these devices because harvesting stops when transport 
occurs. Two SLFW can equal the productivity of a single SPFH provided the round trip from 
field to silo is no more than 3 km. 

Recent innovations in SLFW designs include ISOBUS electro-hydraulic control of 
important functions; addition of suspension, dual- or triple-axles, steered axles, high-speed tires 
and air brakes to reduce transport cycle time; the addition of more knives to reduce TLC; and 
larger container sizes to improve capacity--now up to 80 m3. 
 
BALEAGE SYSTEMS 

An alternative to the chopped and ensiled forage system is to bale the moist crop, wrap it 
in plastic film, and preserve it by fermentation. The main advantage of baled silage is that much 
less capital is needed compared to a conventional chopped forage system. Over the last 15 years 
in Europe, New Zealand and Australia, baled silage has become widely practiced, representing 
30% to 80% of total harvested DM depending on location (Wilkinson and Toivonen, 2003). 
Baled silage is not as widely practiced in North America, but is common in some areas. 
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Factors that affect the success of preserving forage quality in wrapped bales include DM 
content, bale density, type of plastic film, layers of wrap, crop type, and storage duration. At 
similar DM contents, fermentation products are typically less in wrapped bale silage than in silos 
(Nicholson et al., 1991; McCormick et al., 1998). This might be due to more limited access to 
cell content by lactic acid bacteria (LAB) in the long material of a wrapped bale compared to the 
finely chopped material in a silo. Limited fermentation in baled silage suggests that crops should 
be ensiled at least 5 percentage units drier than recommended for ensiling in silos to avoid 
clostridial fermentation. Although baled silage can be produced at 40 to 50% DM (Place and 
Heinrichs, 1997; Lingvall, 1995; Garthe and Hall, 1996), it has been successfully made at 50 to 
75% DM with very low DM losses during storage (Huhnke et al., 1997; Shinners et al., 2009). 
Chopped forage stored in silos above 50% DM is discouraged because of the likelihood of 
heating and respiration, especially at removal when the silo face is exposed to oxygen (Muck, 
1988). The key reason wrapped bales of high DM have losses lower than those expected in a bag 
or clamp silo is likely the limited surface area exposed to oxygen at removal. 

Typical recommendations with polyethylene film call for 6 to 8 layers of wrap to insure 
anaerobic conditions (Hancock and Collins, 2006). Borreani and Tabacco (2008) suggest that as 
few as 4 layers of new oxygen barrier plastics can be used. Although many layers of stretch film 
assure anaerobic conditions, film costs can be prohibitive and plastic disposal challenges 
sustainability (Lingvall, 1995). In most of the world, bales continue to be wrapped individually, 
but in North America it is more common to wrap bales in a continuous tube. Wrapping in a tube 
increased productivity by 50% while requiring 43% less plastic (Shinners et al., 2009). Recently, 
combined baler-wrapper units that wrap bales on the baler to rapidly begin fermentation have 
become common in Europe (Forristal and O’Kiely, 2005). A new-concept 3D wrapping system 
reduced plastic consumed by 4% to 15% without reducing preservation effectiveness (Borreani 
et al., 2007). 

Increasing bale density only modestly improved silage fermentation (Han et al., 2004; 
Borreani and Tabacco, 2006). Many silage balers now have optional cutting systems to decrease 
the crop particle-size prior to compacting in the bale chamber. Borreani and Tabacco (2006) and 
Han et al. (2004) reported only limited fermentation improvement with pre-cutting with the 
biggest improvement occurring at higher DM. Bale cutting systems are intended to make bales 
easier to mix in a ration mixer or to make it easier for cattle to remove material from the bale 
when it is fed directly to cattle. 
 
INSTRUMENTATION AND AUTOMATION 

Precision farming systems are now available on harvesters to develop spatial knowledge of 
forage outputs, including real-time measurement of forage moisture (Anonymous, 2009). Moisture 
will affect when silage harvest begins. It can also be used to control TLC, silo packing time, and 
application rate of inoculants. To date, forage and silage moisture sensors using conductance 
technology have not met accuracy expectations. In-lab near infrared (NIR) spectrometers have 
worked well to predict moisture of as-harvested and ensiled forages, but they were too sensitive to 
environmental and physical factors for on-harvester or on-farm use. New diode-array detectors and 
statistical methods have produced a more robust NIR spectroscopy (NIRS) technology now 
available for field and farm use (Digman and Shinners, 2008). Although calibrations have been 
developed only for forage moisture, new calibrations will predict nutrient constituents in real-time. 
When used at feeding, the NIR sensor will allow a diet with more precisely fed DM and nutrient 
content. 
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New sensor systems are now available to protect harvester components from foreign 
objects. Although ferrous metal detectors have long been available, new metal detection systems 
now help pinpoint the location of the offending metal and offer sensitivity adjustments. Stone 
detection systems are now available to protect the cutterhead from damage. These systems detect 
the rapid vertical acceleration of the feedrolls that occurs when a large stone enters the feedrolls 
and brake drives within milliseconds. 

Headland management systems help reduce stress during harvest turns. These systems 
automate such functions as header and spout position during turns. Full-time automated spout 
aiming systems are logical next steps in improving operator comfort. Row guidance systems are 
available to automatically maintain harvester position while harvesting maize. Engine load 
management systems are available to automatically monitor engine load and alter ground speed 
to match engine power availability, helping to achieve the highest throughput and efficiency. 

Measuring crop physical properties on the harvester could be possible with new sensor 
technology. NIR sensors have been calibrated to estimate forage particle-size (Digman, 2006; 
Zwald et al., 2008). Light reflection is dependent upon many factors, including the surface 
properties of the material it interacts with. Differences in light scatter and absorbance of forage 
samples with different particle-size were used to develop NIRS calibration for particle-size. 
High-speed imaging cameras could also be used to determine not only forage particle-size, but 
also level of kernel disruption in whole-plant maize silage. 
 
DEGREE OF CONDITIONING AND PROCESSING 

Physical properties of silage crops have a strong influence on fermentation and silage 
preservation during storage and feed out. Physical properties of forages and their effect on silage 
quality are difficult to measure directly, so empirical indices are often used to link the physical 
property with subsequent animal performance. The Corn Silage Processing Score (CSPS) is an 
example of an empirical index that is intended to define the adequacy of maize silage kernel 
processing. The CSPS can then be used to make inference on ruminal and total tract digestibility 
of starch in ruminants. The CSPS involves sieving samples in a cascade of vertical sieves from 
19 to 0.6 mm opening. The starch content of particles retained on the 4.75 mm sieve and larger 
are analyzed for starch and expressed as a fraction of total sample starch (Ferreira and Mertens, 
2005). It is recommended that greater than 70% of the total starch in processed maize silage 
should pass through the 4.75 mm sieve (Mertens, 2005). 

The CSPS is a post-harvest assay. A robust field-method of visually inspecting kernel 
processing is needed so timelier harvester adjustment can be made. Hydrodynamic separation 
takes advantage of the different buoyancy properties of kernel and fodder fractions (Savoie et al., 
2004). In this method, the whole-plant sub-sample is immersed in water and agitated for several 
seconds, allowing the grain fraction to settle. The fodder fraction is then skimmed and inspected 
for errant kernels. The remaining water, kernels and small fiber particles are agitated again and 
the water and fodder are then poured onto a screen and visually inspected for stray kernels. After 
several iterations, this method has been found to extract very close to all grain fractions present 
in the total sample (Savoie et al., 2004). 

Forage particle-size can be assessed through use of a cascading set of oscillating screens 
to separate the particles by length by using ASABE Standard S424.2 (ASABE, 2009). A surface 
area index (SAI) was developed to determine the relative increase in specific surface area of 
macerated or processed forages (Shinners et al., 1987). SAI uses the principle that a dried fibrous 
forage crop with greater surface will re-hydrate more quickly when immersed in water. Another 
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indirect measure of forage surface area is the leachate conductivity index (LCI) which uses the 
principle that processed and ruptured cells will more readily release their contents when placed 
into solution, thereby increasing the conductivity of the leachate (Kraus et al., 1999). Indexing is 
achieved by recording the ratio of sample conductivity to the conductivity of a similar sample 
after severe blending which is assumed to break apart all the cell walls. 

Processing forages has the tendency to reduce stem rigidity and increase the ease with 
which the crop can be compressed (Shinners et al., 1988). Savoie et al. (1996) used this tendency 
to develop a method to quantify the relative level of stem processing as a function of 
compressibility. In this method, a cylinder of known volume was filled with forage and then 
compressed with a piston. Change in piston height directly indicates change in volume and, thus, 
compressibility of the forage. Savoie et al. reported a positive correlation between maceration 
and compressibility, but large variability reduced this parameter’s effectiveness.  Currently, on-
the-go adjustments are possible for level of conditioning, kernel processing and length-of-cut.  
However, more development is required for to ensure that the adjustment settings actually meet 
forage conservation goals and animal response expectations.       
 

CUSTOM WORK VERSUS OWNERSHIP 
Forage harvesting by custom harvesters or contractors continues to grow in both North 

America and Europe. In some European countries, upwards of 80% of silage crops are now 
harvested by contractors. Maize silage is more likely to be harvested by custom or contract 
harvesters because its harvest is less weather and time dependent than legume or grass silage. A 
major driver for contracting forage harvest is the per farm growth in the milk production and cow 
numbers which limits management and labor available for quality forage harvest. Dairy 
enterprises of all sizes are looking to direct management and financial capital to the core 
business enterprise--feeding and milking dairy cows--rather than investing in machinery. Dairy 
enterprises are increasingly finding that they lack the skilled labor needed to harvest quality 
forage, making custom harvest a logical choice. Custom or contract harvesters often have high-
capacity equipment that can produce forage with more consistent moisture and maturity and 
insure rapid filling of silos for improved quality. Custom or contract harvesters also help smaller 
dairies access the latest technology, such as on-board moisture sensors and inoculants applicators. 

Custom and contract harvesters are challenged by methods to charge for their services. 
Charging by the area harvested penalizes the harvester when yields are high and field size small 
and inefficient. Customers are reticent to pay by the hour because they feel there is too little 
incentive for rapid, efficient work. Charging by the mass harvested is a good compromise, but 
mobile or on-farm weighing systems are not common. Reliable yield and moisture sensor 
systems will help promote charging by mass harvested. 

As the role of custom harvesters and contractors increases, questions have arisen in 
Europe concerning whether contractors and custom harvesters should also be considered for 
support payments when adverse weather or market conditions occur. Employees of custom 
harvesters are sometimes itinerants due to the seasonal nature of the work. Custom and contract 
harvesters are increasingly broadening the scope of their businesses to make year-round 
employment possible. For instance, these enterprises are now conducting manure and fertilizer 
application, planting, and grain and biomass harvesting. This increase in business scope not only 
challenges the management capability of the business owner, but also challenges the skills of the 
employees who must interact with an ever increasing array of new technology.  
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SUMMARY 

The paper examines recent advances in silage harvesting. Several harvest technologies 
are mature; important improvements now come from better management and proper adjustments. 
Today, most herbage crops are mowed with disk mowers while conditioning is based on flails or 
impellers for grass and rolls for alfalfa. Adjustments such as mowing height and swath width can 
have a significant effect in terms of yield, moisture at harvest and stand longevity. Very intensive 
conditioning of herbage (maceration) has been the object of considerable research but has not 
been widely adopted because of cost and technical hurdles. Mowing, conditioning and raking of 
herbage crops is as much about choosing the right equipment as about making the right 
management decisions such as mowing height, swath width, time to merge/rake and time to 
harvest to reach the best moisture content. Chopped silage is harvested more and more with self-
propelled forage harvesters whose continuously increasing power appears to come near a 
technological and economical plateau around 1000 hp. Alternative methods of harvesting silage 
such as the self-loading forage wagon and baleage systems have developed more in Europe while 
North American harvesting systems are based mainly on the higher capacity forage harvester. 
Electronic technology for measuring on-line harvest rate and moisture content, yield mapping, 
field tracking and quality assessment is available, although performance expectations and value 
to the operation have challenged adoption rates. Forage processing can be adjusted almost 
continuously in forage harvesters so the amount of mechanical breakage will depend on how 
much benefit is expected from animal feed intake and digestibility. As harvesting technology 
becomes more expensive and more sophisticated in terms of adjustment and timing, many 
livestock farmers now rely on custom operators to do much of the field-work. High-level 
management is truly necessary to integrate best harvesting practices to optimize forage-ruminant 
production systems. 
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Evaluating performance of corn hybrids for silage production on  
Wisconsin farms 
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Introduction Wisconsin dairy farmers produce more corn (Zea mays L.) silage than any other 
state in the U.S. A University of Wisconsin corn silage research consortium evaluated corn 
hybrids and found that the range for NDF and digestibility among commercial hybrids is narrow, 
but more importantly, yield and quality differences among corn hybrids were repeatable (Coors, 
1996). In 1995, an extension program was begun to evaluate commercial corn hybrids for silage 
yield and quality traits. Desirable corn hybrids should have traits that include high dry matter 
(DM) yield, high energy content (high digestibility), high intake potential (low fiber), optimum 
dry matter content at harvest for acceptable fermentation and storage, and high protein content 
(Carter et al., 1991). Predicting animal performance and relating it to corn silage quality 
improvements whether from breeding or management is complex. Differences in fiber and 
digestibility translate into differences in animal performance (Bal et al., 2000). Our objective is 
to describe the development of a corn silage evaluation program for Wisconsin producers, to 
highlight significant changes in the program and to provide a retrospective of trial results. 
 
Materials and Methods Corn hybrids are evaluated in a randomized complete block with three 
replications at 2 to 3 locations in a production zone. Whole-plant plots are harvested using a one-
row chopper (New Holland 707) and weighed using a custom electronic system. Plot weight and 
moisture content are measured, and yield is adjusted to Mg dry matter/ha. 

Near Infra-red (NIR) global equation: An outcome of the corn silage consortium was the 
development of an NIR global equation to measure forage quality (Coors, 1996). Harvested plot 
sub-samples are dried, ground through a 2 mm screen, and analyzed. R2 values between 
predicted and laboratory values range from 0.93 to 0.95 depending upon the variable measured. 

Performance indices (Milk/Mg and Milk/ha): The Milk91 model (Undersander et al., 
1993) was chosen to describe forage quality and assist farmers in making hybrid selection 
decisions. This model has been further adapted and released as Milk95, Milk2000 (Schwab et al., 
2003), and Milk2006. The current Milk2006 silage performance indices, milk/Mg and milk/ha, 
are calculated using a modification of a published summative energy equation (Weiss et al., 
1992) where crude protein, fat, NDF, starch, and sugar plus organic acid fractions are included 
along with their corresponding total tract digestibility coefficients. The lab measure of NDFD 
was used for the NDF digestibility coefficient. Digestibility coefficients used for the crude 
protein, fat, and sugar plus organic acid fractions were constants. Dry matter intake was 
estimated using NDF and NDFD content assuming a 613 kg cow consuming a 300 g/kg NDF 
diet. Using National Research Council (NRC, 2001) energy requirements, the intake of energy 
from corn silage was converted to expected milk/Mg. Milk/ha was calculated using milk/Mg and 
DM yield/ha. 

Repeatability estimates: Repeatability is the ratio of variance within individuals to 
variance between individuals and sets an upper limit to heritability (Falconer and Mackay, 1996). 
Variance components were obtained using PROC MIXED (SAS, 2000). When genotypes are 
randomly sampled from a defined reference population, repeatability is termed broad-sense 
heritability and calculated by the formula:  
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where VG, VGE, and Verror refer to variance due to genotype, genotype by environment, and error, 
respectively (Lorenz and Coors, 2008). Coefficients e and r refer to the number of environments 
and replications per environment, respectively. 
 
Results and Discussion Relatively small differences in corn silage fiber, starch and digestibility 
translate into large differences in predicted animal performance. Through 2008, a total of 5737 
hybrid*location*years (n= 17,144 plots) have been evaluated in 206 trials. A significant range 
between the highest and lowest performing hybrid in a trial was observed for yield (7.1 Mg 
DM/ha), NDF (88 g/kg DM), IVD (58 g/kg), starch (138 g/kg DM), NDFD (89 g/kg), Milk/Mg 
(207 kg milk/Mg) and Milk/ha (12,100 kg milk/ha). These ranges, especially the performance 
indices of Milk/Mg and Milk/ha indicate that the decision for selecting corn hybrids for silage is 
economically important (Lauer et al., 2008). Consistent performance regardless of environment 
is important for making hybrid selection decisions for silage quality. Repeatability estimates 
indicate that the majority of total variation observed was due to variation among hybrids (Table 
1).  Repeatability of yield and Milk/ha were slightly lower than the forage quality estimates of 
NDF, starch, NDFD, and Milk/Mg, especially in the northern production zone of Wisconsin. 
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Table 1. Repeatability estimates for corn silage traits in four Wisconsin production zones. Data 
is derived from 206 trials conducted between 1995 and 2008 
Zone Yield NDF Starch NDFD Milk/Mg Milk/ha 
North 0.83 0.94 0.98 0.95 0.94 0.73 
North central 0.97 0.98 0.99 0.99 0.98 0.96 
South central 0.97 0.97 0.99 0.98 0.97 0.96 
South 0.97 0.98 0.99 0.99 0.97 0.95 
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1Teagasc, Grange Beef Research Centre, Dunsany, Co. Meath, Ireland; 2Teagasc, Crops 
Research Centre, Oak Park, Carlow, Ireland; 3University College Dublin, Belfield, Dublin 4, 
Ireland; Email: padraig.okiely@teagasc.ie 
 
Introduction Purchased feed grain can comprise a major cost on grassland farms involved in 
ruminant production. Alternative options for purchasing grain at harvest as well as for storing 
and processing it on the farm may provide an opportunity to reduce these costs. The objectives 
were to quantify the conservation characteristics of barley grain harvested at different stages of 
ripeness and stored anaerobically following contrasting processing and additive treatments. 
 
Materials and Methods Plots of barley (20 m x 3 m; Hordeum vulgare L., cv. Regina; sown 18 
October; 181 kg inorganic N/ha) were managed as for commercial grain production. There were 
four harvest times (H1 to H4; based on target grain dry matter (DM) concentrations) and four 
replicate blocks. At each harvest, unprocessed or processed (using a Murska 350S crimper-
roller) grains were ensiled (15°C for >100 days) in laboratory silos (4 kg grain DM/silo) with the 
following additive treatments: (1) no additive (NA), (2) Crimpstore 2000 (Kemira Chemicals 
(UK) Ltd.; formic acid, ammonium formate, propionic acid, benzoic acid and ethylbenzoate 
mixture) at 6 l/t (A1), (3) Graintona (FSL Bells Ltd., UK; acetic acid, isobutyric acid mixture) at 
8 l/t (A2), (4) NuGrain (Hydro Nutrition, Hydro Agri (UK) Ltd.; urea solution) at 50 l/t (U) and 
(5) Biograin (Biotal Ltd., Wales; Lactobacillus buchneri) at 10 l/t (B1).  
 
Results and Discussion Mean (s.d.) grain DM concentrations at H1 to H4 were 557 (2.2), 643 
(5.4), 726 (2.6) and 821 (1.7) g/kg, respectively. The recovery of grain DM was lower (P<0.001) 
for the two earlier harvests (984 g/kg) than for the later harvests (993 g/kg) but was not affected 
(P>0.05) by processing. There was a lower (P<0.001) recovery with B1 (979 g/kg) than with the 
other additives (992 g/kg). Aerobic deterioration post-ensilage was not linearly related to stage of 
ripeness at harvest, and was not affected by processing (P>0.05). Compared to NA, B1 reduced 
(P<0.05) aerobic deterioration whereas A2 increased (P<0.001) it. Table 1 summarises treatment 
effects on preserved grain chemical composition. Later harvesting (and thus higher DM content 
in the preserved grain) reduced (P<0.001) WSC, lactic acid, acetic acid and ethanol contents. 
Rolling resulted in increased (P<0.001) crude protein, WSC, lactic acid, acetic acid and ethanol 
contents but decreased (P<0.001) DM and starch contents, OMD and pH. Compared to NA, A1 
increased WSC content and decreased ethanol content and pH while A2 increased pH and 
reduced lactic acid, ethanol and ammonia-N contents. Urea increased crude protein, lactic acid, 
acetic acid and ammonia-N contents and reduced WSC and ethanol, while B1 increased acetic 
acid content and reduced DM and WSC contents, and pH. 
 
Conclusions High moisture barley grain stored anaerobically for durations in excess of 100 days 
can undergo efficient conservation with relatively small quantitative and qualitative losses. Such 
conservation can be conducted over a wide range of stages of ripeness with whole or rolled (i.e. 
crimped) grain. Grain conserved satisfactorily without additive, and the contrasting additives 
used had different effects. Caution is required if extrapolating these results to what might happen 
at a farm scale due to the greater challenges associated with rapidly achieving and maintaining 
anaerobiosis on farms. 
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Table 1. Harvest date, processing and additive treatment effects on grain composition post 
storage 
H1 P2 A3 DM4 CP5 OMD6 Star7 WSC8 pH LA9 AA10 Eth11 

H1 W NA 561 100 854 615 49.5 4.7 6.6 1.1 14.8 
H1 W A1 574 100 815 615 54.6 5.2 4.1 0.4 6.7 
H1 W A2 574 96 831 624 50.3 5.4 3.0 1.0 5.1 
H1 W U 562 154 852 613 16.8 9.0 4.2 5.9 5.2 
H1 W B1 528 102 810 606 24.2 4.2 8.0 12.1 15.1 
H1 R NA 539 104 799 537 100.0 4.1 17.5 3.7 9.6 
H1 R A1 542 107 810 532 83.6 3.8 30.8 6.0 6.1 
H1 R A2 551 98 818 580 94.1 5.1 5.4 2.9 5.9 
H1 R U 527 221 810 560 22.1 5.0 34.0 21.7 15.4 
H1 R B1 499 110 771 575 16.1 4.0 11.7 33.6 13.1 
H2 W NA 662 100 815 628 30.1 5.2 4.0 1.1 17.3 
H2 W A1 676 101 833 629 47.1 4.8 1.8 0.3 2.0 
H2 W A2 671 97 825 598 36.7 5.7 2.2 0.7 6.2 
H2 W U 667 125 853 623 17.5 7.3 7.4 2.5 5.1 
H2 W B1 580 103 822 621 32.1 4.3 5.7 7.0 11.7 
H2 R NA 639 102 820 633 27.8 4.1 19.0 9.0 9.7 
H2 R A1 652 103 812 595 67.9 4.1 8.9 3.7 3.3 
H2 R A2 645 99 829 602 51.6 5.1 3.5 3.3 6.9 
H2 R U 633 136 841 601 23.5 5.2 36.7 10.9 20.8 
H2 R B1 520 110 777 588 15.0 4.2 13.9 30.4 8.9 
H3 W NA 744 102 829 650 21.4 5.9 1.8 1.0 19.4 
H3 W A1 756 101 840 621 28.5 4.0 1.6 0.1 0.5 
H3 W A2 746 98 826 606 29.5 6.0 2.9 0.8 7.3 
H3 W U 737 132 818 588 32.0 9.1 3.4 2.4 0.5 
H3 W B1 578 104 820 587 31.5 4.3 16.9 6.1 10.2 
H3 R NA 724 103 835 618 24.9 4.7 11.3 4.8 15.4 
H3 R A1 727 102 835 612 37.5 4.3 3.9 6.4 3.6 
H3 R A2 725 102 826 608 29.1 5.5 4.4 3.7 10.0 
H3 R U 699 134 782 585 32.1 9.2 4.9 9.0 6.3 
H3 R B1 538 107 802 545 15.8 4.2 14.9 27.1 7.5 
H4 W NA 852 102 835 588 29.8 6.9 1.7 0.6 3.2 
H4 W A1 857 104 819 597 27.5 3.6 1.7 0.5 0.4 
H4 W A2 856 100 828 576 29.1 5.4 1.1 0.7 3.3 
H4 W U 848 140 842 575 12.4 8.7 3.4 3.5 0.5 
H4 W B1 754 105 818 571 18.2 4.0 8.7 8.3 4.1 
H4 R NA 838 104 838 566 28.6 5.9 3.4 2.7 8.4 
H4 R A1 837 110 806 564 28.8 3.8 4.0 1.1 1.0 
H4 R A2 840 103 828 575 30.4 5.9 7.0 0.3 4.4 
H4 R U 820 167 815 560 2.0 7.2 13.8 10.2 10.9 
H4 R B1 719 112 787 547 12.3 4.8 2.1 26.7 6.6 

sem HxPxA 1.6 1.5 4.4 11.1 2.47 0.14 2.16 11.08 0.71 
1Harvest number; 2Processing; 3Additive treatments (see explanation of abbreviations in Materials and Methods text); 4dry matter 
(g/kg);  5crude protein (g/kgDM); 6in-vitro organic matter digestibility (g/kg); 7Starch (g/kgDM); 6water soluble carbohydrates 
(g/kgDM); 9Lactic acid (g/kgDM); 10Acetic acid (g/kgDM); 11Ethanol (g/kgDM) 
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Controlling of silage crop compaction during the pressing process  
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Introduction The conservation of feed crops in silage bags has been developed as an alternative 
operating technique to clamp silos. Due to the improvement of the technology in regard to higher 
throughput and increased bag diameter it can be employed in harvesting systems with high 
performance (Honig, 1987). The hermetically sealed bag provides anaerobic conditions during 
the closed storage period and optimised conditions for crop fermentation, whereas in time of feed 
out the crop compaction is of major importance to prevent reheating of the well fermented crop 
(Ag-Bag, 2008). Controlling the pressing process while filling and thereby adapting the pressure 
to the current conditions can be a suitable way to improve the crop compaction. 
 

Materials and Methods The compaction of silage crops while bagging is controlled by brakes 
which have to be adjusted to match the manually measured tube extension at the strips on the bag. 
One aim of the project was to develop suitable control loops to control the tube extension and 
adjust the brake pressure automatically. To arrange experiments under controlled conditions an 
experimental bagger with a pressing tunnel diameter of 
90 cm has been constructed. The technical parameters 
brake effort, hydraulic pressure and forward movement 
have been measured by sensors and logged over time. In 
order to measure the tube extension ultrasonic distance 
sensors have been fixed two sided next to the pressed bag 
and centrically above it (figure 1). By measuring height 
and width the actual tube extension can be calculated. In 
the next step the hydraulic pressure at the brake is 
adapted to the tube extension by a computer controlled 
adjustment unit. In order to simulate varying conditions 
caused by bumpy ground small ramps have been positioned at the roadway of the machine 
wheels. The additional rolling drag, which results in a rising total resistance, causes at first an 
increasing tube extension. This has to be detected by the distance sensors and relayed to the 
adjustment unit, which automatically decreases the hydraulic brake pressure.  
  

Results and Discussion In figure 2 the tube extension and the hydraulic pressure are plotted 
against the runway both for pressing without adjustment (left) and for using an automatically 
controlled brake (right). The value of 100 % rel. bag perimeter equals the original bag. In the 
first case the values rises up to 117 % while the wheels are climbing the ramps and decreases 
back to values around 105 %. The adjustment unit used in the second case controls the pressure 
between 3,6 and 7,8 MPa and reacts at 1 % difference to the reference value (109 %). The 
additional rolling drag caused by the ramps has been compensated by adjustment of pressure so 
that much higher tube extension could be prevented. After decreasing the pressure the machine 
runs forward at first relatively fast so that the tube extension of the following bag decreases 
rapidly and the bag perimeter falls far below the reference value. Afterwards the pressure rises 
again in order to stop the forward movement. 
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Now the bag is filled up while the perimeter rises. The segment that has already passed the 
sensors is expanded by pressed crop running forward inside the bag. This means that the value at 
the measuring position is not always the final bag perimeter of the segment. The position of the 
sensors lengthwise has to be adapted to the properties of the crop. The sensors have to be 
positioned in a certain distance to the end of the press tunnel where the bag has already been 
filled. Figure 3 shows the unevenly pressed bag without any pressure adjustment and in contrast 
the bag pressed with the automatically controlled brake. 
 

Conclusion The adjustment of brake pressure during pressing by the machine operator is 
necessary to obtain evenly pressed bags. An automatically controlled brake system may be 
helpful to press silobags offering nearly constant tube extension to improve storage safety, in 
order to facilitate the operator’s work.  
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Figure 2. Bag extension and brake pressure against the runway without hydraulic pressure adjustment 
(left) and by using an automatic adjustment unit (right) (Maize 38% DM content) 

 
 
Figure 3. Pressed bags without pressure adjustment (left) and with automatically controlled brake 
pressure (right)  
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Introduction In the mid-infrared (MIR) spectrum (3 to 10 µm), absorbance of radiation is 
directly related to the concentration of individual chemical compounds. Fourier transform MIR 
transmission spectroscopy (FTIR) with liquid cells give extremely good accuracy applied to 
milk (CV <0.01) and have been successfully applied to rumen volatile fatty acid (VFA) (Udén 
and Sjaunja, 2009) and to hydrolyzed starch (Udén, 2009) analysis. Analysis of soluble 
components in silage is important for evaluating its nutritive value and hygienic quality but the 
cost is often prohibitive. The objective was, therefore, to develop a method for quantitative 
estimation of silage juice components by FTIR. 
 
Materials and Methods Silage samples (612) with dry matter contents from 132-546 g/kg were 
collected in Sweden during 2002-2006 and silage juice was obtained by use of a hydraulic press. 
Chromatographic analysis of the juice had been performed and included NH3-N, ethanol, 
2,3butanediol, lactic, butyric and succinic acids, and total VFA. Water soluble carbohydrates 
were analysed on dried samples. All analyses were, however, not done on the entire sample 
population (Table 1). Some samples were also spiked later with combinations of ethanol, 
ammonium chloride, and butyric acid to make up a total of 720. Absorbance spectra at pH 7 
were obtained 2-4 years after time of reference analyses by use of a Fourier transform 
instrument, designed for routine milk analysis (Milcoscan FT120, Foss Electric). Prediction 
equations were developed from absorbance values at 206 wavelengths by stepwise regression. 
Only samples with concentrations >0.1 g/L were used for calibration purposes, and the NH3-
spiked samples were also excluded from the final statistical evaluation (Table 1). 
 
Results and Discussion The dominant peaks of ammonia, butyrate, and ethanol as a result of 
spiking a low-level sample are shown in Figure 1, and in Table 1, sample and calibration 
statistics are presented. The number of wave lengths included (P<0.05) in the calibration 
equations varied between 10 and 36 (Table 1). Coefficient of variation (CV) varied between 0.1-
0.2 for most analyses. Only NH3-N, with very low natural concentrations, had a CV of 0.31. 
Prediction of residual sugars and fermentation products should be possible with reasonable 
accuracies on the order of 0.1 to 1 g/L. For NH3-N, this should correspond to approximately 
±2% NH3-N/total N and for WSC approximately ±10 g/kg dry matter.  
 
Conclusions A FTIR instrument for milk analysis was successfully calibrated to predict 
dominant silage juice components. The requirements for accuracy, which is largely dependent 
on the user, are likely to be sufficient for most advisory purposes. 
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Table 1. Sample statistics: number of observations, concentrations by reference methods, and 
calibration statistics 
 Item NH3-Na LA BU VFA SUC BUD EtOH WSC 
Sample statistics        
No. 415 714 347 720 672 618 720 371 
No. >0.1 g/L 213 713 298 719 663 585 717 368 
No. used 105b 713 298 719 663 585 717 368 
Mean 0.4 7.0 3.6 3.8 2.1 2.4 4.2 16.0 
Max 1.8 57.1 21.6 35.1 7.9 20.7 18.5 85.8 
Min 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 
SD 0.3 7.8 4.7 4.9 1.4 2.6 3.5 16.9 
Calibration statisticsc 
No. of WL 10 17 12 22 34 36 15 12 
SDreg 0.13 1.06 0.90 0.67 0.20 0.42 0.56 3.54 
SD/SDreg 2.44 7.29 5.37 7.23 6.93 6.17 6.18 4.78 
CV 0.31 0.15 0.22 0.18 0.09 0.17 0.13 0.22  

  

aLA=lactatic acid; BU=butyric acid; VFA=volatile fatty acids; SUC=succinic acid; BUD=2,3 
butanediol; EtOH=ethanol; WSC=water soluble carbohydrates. bSamples spiked with NH3 were 
excluded. cWL=wavelengths; SDreg=standard deviation from regression; SD=population SD; 
CV=coefficient of variation. 
 
 
 

 
 
 

    

Figure 1. Absorbance spectra of Control and Spiked silage juice (BUT=butyric acid; EtOH=ethanol; 
LA=lactic acid; WSC=water soluble sugars). Inserted table values are in g/L. 
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Prediction of biogas production potential of silages  
F. Weissbach 
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Introduction Silages from different crops have been increasingly used as substrates for biogas 
production from renewable primary products in Germany and some other countries. The 
objective of the study was to propose a method for assessing biogas production potential of 
silages based on chemical composition and degradability. 
 
Materials and Methods Data from strictly standardized digestibility trials in sheep with grain 
and grain by-products (n = 44), forage maize and different maize products (n = 63), grass from 
different sward types (n = 135) and with some other crops were used for calculation of true 
digestible nutrients. In these trials, herbage and respective silages were tested. DM content of 
silages was corrected for losses of volatiles during oven drying. Based on the content of true 
digestible nutrients, biogas production potential was calculated by using the biogas yield data 
for protein, fat and carbohydrates according to Baserga (1998). To verify the biogas production 
potential calculated in this way under practical conditions, 3 fermenters of an industrial biogas 
production facility were monitored. These fermenters (net volume 2,575 m3 each) were fed a 
substrate mixture composed of 2 % slurry, 15 % milled grain and 83 % whole-plant maize silage, 
calculated on OM basis. During a period of 3 months, samples from maize silage (n = 67), grain 
(n = 36), slurry (n = 23) and of fermentation residues (n = 126) were analyzed. 
 
Results and Discussion It was tested as to whether different nutrient concentration and biological 
degradability of organic matter (OM) affect biogas yield. It was concluded that biogas yields do 
not differ between crops given that values are based on the “content of fermentable organic 
matter” (FOM). FOM is identical to content of true digestible organic matter calculated in the 
way proposed here. Average yield potential of biogas and methane per kg FOM of most crops 
were found to be about 800 litres and 420 litres, respectively (Table 1). It was then investigated if 
FOM can be derived from routine analytical laboratory data. For this purpose, a model was used 
in which the crop-specific “content of true indigestible nutrients” is estimated. Animal faecal 
excretion of crude protein and crude fat expressed as proportion of DM intake varies 
insignificantly within a given crop type. Therefore, it is possible to use crop-specific average 
values for excretion of these two nutrients. The amount of carbohydrates excreted by animals in 
faces is extremely variable and must be estimated by using at least one laboratory parameter. The 
organic part of ADF (ADForg) proved to be suitable to estimate the carbohydrate excretion by 
crop-specific regressions. In case of grasses from different swards only, it is proposed to 
preferably use the content of “enzyme-resistant organic matter” (EROM) (Weissbach, 2008). The 
deduced equations for estimation of FOM are given in Table 2. Accuracy of equations to predict 
biogas production potential of substrates by using FOM could be confirmed by monitoring and 
balancing of fermenters under practical conditions (Table 3). 
 
Conclusions The results of this study indicate that the biogas production potential of silages from 
forage crops can be characterized by their content of FOM. The potential yield of biogas and 
methane from most crops is 800 l and 420 l per kg FOM, respectively. 
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Table 1. Potential biogas yield from true digestible nutrients in relation to content of organic 
matter (OM) and content of fermentable organic matter (FOM), respectively (Weissbach, 2008) 
Substrate Content, g/kg DM Biogas Methane 
 OM FOM OM  FOM  OM  FOM  
   liter/kg  liter/kg  liter/kg  liter/kg  
Wheat grain 981 933 749 788 399 419 
Whole-plant maize silage 950 763 638 794 335 417 
Grass silage 889 762 672 783 368 429 
Whole-plant wheat silage 940 671 567 794 299 419 
Wheat straw 922 493 425 795 220 412 
Mean   610 791 324 419 
Standard deviation     122     5   69    6 
CV, %     20     1   21    1 

 
 
Table 2. Equations for estimation of content of fermentable organic matter (FOM) as parameter 
for prediction of biogas production potential of different substrates 
Substrates Equations for prediction of FOM, g/kg DM 

Grain and moist grain silages  FOM =  991 – (ash) – 1.30 (ADForg) 
Whole-plant maize, maize ears 
and kernels and silages thereof 

FOM =  984 – (ash) – 0.43 (ADForg) – 0.00086 (ADForg)2 

Grass and grass silages1  FOM =  969 – (ash) + 0.24 (ADForg) – 0.00261 (ADForg)2 
Grass and grass silages 2 FOM = 1000 – (ash) – 0.62 (EROM) – 0.000221 (EROM)2 
Cattle slurry FOM =  0.46 (1000 – ash) 

1 intensive use, first and early second cuts only; 2 all intensity levels and cuts 
 
Table 3. Biogas and methane yield (at standard temperature and pressure) per kg fermentable 
organic matter (FOM) in biogas production under practical conditions (Weissbach, 2009) 

Biogas production Methane production Fermenter FOM 
input, 
kg/day 

FOM 
metabolized

 % 
m3/day litres/kg FOM 

metablized 
m3/day litres/kg FOM 

metablized 
A 6,622 99.5 5,197 789 2,669 405 
B 6,182 99.4 5,032 819 2,545 414 
C 6,683 96.4 5,143 798 2,713 421 

Mean 6,497 98.3 5,124 802 2,642 414 
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Storage and pretreatment of biomass feedstocks by ensiling 
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ARS, Dairy Forage Research Center, Madison, WI 53706, U.S.A.; Email: kjshinne@wisc.edu 
 
Introduction Biomass costs can be minimized when it is harvested as chopped feedstock using a 
single- or two-pass system. At harvest, biomass moisture is too high for stable aerobic storage, 
requiring anaerobic preservation. Although DM content is often well above that typically 
acceptable for preserving animal feed, anaerobic storage of biomass was successful. Anaerobic 
storage also offers the opportunity to add value through on-farm, chemical pretreatment that will 
lower total pretreatment costs and provide better returns (Digman et al., 2007). Our objectives 
were to quantify losses and chemical composition changes of ensiled and pretreated biomass. 
 
Materials and Methods Three feedstocks were tested--corn stover (residue), reed canarygrass 
(RCG) and switchgrass (SWG). Corn stover storage was studied in eight trials over five years 
using over 100 Mg of DM. Stover was harvested with a single-pass combine that simultaneously 
harvested grain and stover (Shinners et al., 2009). DM content ranged from 45% to 73%. Stover 
was ensiled in 3 m diameter silo bags for periods of 7 to 8 months. RCG and SWG were ensiled 
in three trials each over three years. DM content ranged from 33% to 75%. In all studies, storage 
characteristics were quantified by DM losses, changes in chemical composition, and 
fermentation products. RCG and SWG were subject to pretreatment in lab-scale silos with 
calcium hydroxide, dilute sulfuric acid or ozone at a loading of 50 g/kg DM. The grasses were 
stored under ambient conditions for 30 days. Pilot-scale silos of RCG and SWG were also treated 
with calcium hydroxide and sulfuric acid at a loading of 50 g/kg DM and stored outdoors for 60 
or 180 days. Following pretreatment and storage, biomass was fermented to ethanol using 
Saccharomyces cerevisiae D5A in the presence of commercial cellulase and β-glucosidase. 
  
Results and Discussion Stover DM losses ranged from 1.4% to 6.0% and averaged 3.9% over 
the eight trials. Silo density ranged from 96 to 194 kg DM/m3 and averaged 136 kg DM/m3. 
Fermentation products typically were less than 5% of DM and pH averaged 4.6. RCG and SWG 
DM losses ranged from 0.3% to 4.6% and averaged 2.1%. Fermentation products typically were 
less than 3% of DM and pH averaged 5.3. Unlike animal feed, ensiled biomass would be 
removed quickly in massive amounts, minimizing aerobic spoilage and explaining why we 
achieved such low losses with biomass ensiled at high DM. It is desirable to maximize DM 
content for economical transport, but some moisture is needed for fermentation to a pH of less 
than 5 for good preservation. However, too much fermentation reduces carbohydrate availability 
for downstream conversion. Figure 1 shows that these goals may be optimized by harvesting and 
ensiling corn stover between 60 and 70% DM. Sulfuric acid and lime pretreatment look 
promising considering conversion yields and ease of application. Nearly 54% and 24% of cell 
wall glucose was converted to ethanol in RCG and SWG, respectively, and up to 23% of 
hemicellulose was hydrolyzed to xylose (Table 1). Ozone treatment yielded higher results (Table 
1). At pilot-scale, cellulose conversion to ethanol was higher for 180 than 60 d in acid-pretreated 
substrate, but lower at the longer duration in lime-pretreated substrates. The latter appeared due 
to butyric acid from clostridial fermentation. Biomass pretreatment applied at 50 g/kg DM would 
cost an estimated $4.05 and $5.20/Mg DM for calcium hydroxide and sulfuric acid, respectively. 
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Conclusions Ensiling biomass at DM concentrations considered well above acceptable for 
animal feed was quite successful. The target DM range that optimizes storage and economics 
would be 60 to 70%. Pretreatment under ambient conditions using dilute acid significantly 
improved the availability of cell wall polysaccharides for fermentation to ethanol. 
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Figure 1. pH and total fermentation acids in corn stover ensiled in plastic silo bags for 7 – 8 
months. Stover harvested in 2005 (O), 2006 (◊) and 2007 (). 
 
Table 1. Conversion of cell wall glucose to ethanol and xylose measured in hydrolysate after 
pretreatment with acid, lime or ozone at a rate of 50 g/kg DM, anaerobic storage and 
simultaneous saccharification and fermentation 

Crop Treatment Cellulose Xylose 
 %  of  total %  of  total 

Reed Canarygrass Control 33 6 
Acid 54* 13* 
Lime 54* 23* 

Ozone 59* 41* 
Switchgrass Control 15 9 

Acid 25* 16* 
 Lime 24* 23* 
  Ozone 41* 53* 

*Indicates significant difference from control at the P = 0.05 level. 
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Effect of sealing time and increased storage temperature on the chemical composition and 
fermentation indices of corn and sorghum silages 
B. Amaral1, S. C. Kim2, O. F. Zacaroni1, A. T. Adesogan1, and C. R. Staples1  
1Dept of Animal Sciences, University of Florida, Gainesville, U.S.A.,  2Dept of Animal Science, 
Gyeongsang National University, Jinju, South Korea; Adesogan@ufl.edu 
 
Introduction Dewhurst and King (1998) reported that extended wilting time (68 h) markedly 
reduced concentrations of ADF, water-soluble carbohydrates, lactic acid, and total long chain 
fatty acids (LCFA) but increased acetic acid concentration of ryegrass silage. This study was 
conducted to determine the effect of delayed sealing and hot storage conditions on the chemical 
composition, fermentation indices, and LCFA profiles of corn (CS) and sorghum silages (SS). 
 
Material and Methods Corn (Pioneer 30F34) and sorghum (NK300) forages, harvested at 31% 
and 36% DM, respectively were chopped then packed into 20-L silos in triplicate for ensiling 
times of 0, 7, 21, and 156 d. The control silos were sealed immediately after packing and stored at 
24.5°C whereas a second set of packed silos were sealed after a 48-hour delay and stored at 30°C 
until opened. Upon opening, silages were subsampled, freeze-dried, and analyzed for DM, crude 
protein (CP), neutral detergent fiber (NDF), in vitro digestiblity (IVOMD), pH, ammonia N, 
lactate (LC), acetate (AC), and LCFA. Treatments were arranged in a 2 x 2 factorial design (2 
forage species and 2 ensiling methods). PROC MIXED of SAS was used for repeated measures 
statistical analyses across days of ensiling.  
 
Results and Discussion Creating more adverse ensiling conditions by delayed sealing of silos for 
48 h and storing at 30°C did not change mean % IVOMD coefficients or mean acetic acid 
concentrations for either forage type (Table 1). However mean concentrations of CP (8.6 vs. 9.0% 
of DM) and NDF (48 vs. 50.5% of DM) increased across forage type due to adverse ensiling. 
Mean concentration of ammonia increased to a greater extent for corn silage (6.0 to 7.9% of total 
N) compared to sorghum silage (3.9 vs. 4.5% of total N) when forage was adversely ensiled 
(forage source by delayed sealing interaction, P = 0.01). Delayed sealing of silos elevated mean 
pH to a greater degree for sorghum silage (3.74 vs. 4.11) compared to corn silage (3.79 vs. 3.97) 
(forage source by delayed sealing interaction, P < 0.001). Mean concentration of lactic acid 
decreased for both silage sources when forage was adversely ensiled (3.24 vs. 2.25% of DM). 
Lactate concentrations decreased at a faster rate under adverse conditions versus normal 
conditions (3.83, 3.27, and 2.60 vs. 2.90, 2.89, and 0.97% of DM) for 7, 21, and 156 d, 
respectively; day by delayed sealing interaction, P < 0.01). Adverse ensiling tended to increase 
total LCFA (P = 0.06, 1.81 vs. 1.89) but decreased concentrations of C18:2 (38.5 vs. 36.6%). 
Concentrations of C18:3 were reduced by 24% by 156 d of ensiling (day, P = 0.001).  
 
Conclusions Storing silages after a 48-h delay at elevated temperature decreased silage quality  
and recovery of linoleic acid. Linolenic acid recovery was also reduced by 24% after storage for 
an extended (156 d) period.  
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Table 1. Effect of ensiling corn and sorghum forages under normal (prompt sealing and storage 
at 23oC) or adverse (48-h delayed sealing and storage at 30oC) conditions for  0, 7, 21, and 156 
days on chemical composition and in vitro organic matter digestibility  (IVOMD) (% of DM) 
 Normal ensiling  Adverse ensiling  
Storage time 0 d 7 d 21 d 156 d mean  0 d 7 d 21 d 156 d mean SEM
Corn silage1            

CP 9.75 9.05 9.60 11.30 9.93  10.11 9.96 10.17 11.48 10.43 0.23 
NH3-N, % of N na 5.45 4.10 8.36 5.97  na 6.21 6.17 11.44 7.94 0.24 
NDF 52.3 52.4 54.9 49.7 52.4  51.9 58.6 58.2 55.0 56.0 0.7 
IVOMD 73.2 68.9 68.6 64.9 68.9  72.9 68.5 68.6 62.6 68.2 0.8 
pH na 3.79 3.73 3.86 3.79  na 3.83 3.93 4.16 3.97 0.01 
Lactate na 4.30 3.11 2.99 3.47  na 3.96 3.08 1.08 2.71 0.25 
Acetate na 4.36 2.37 9.26 5.33  na 4.89 3.89 6.62 5.14 0.43 
LCFA 1.60 1.75 na 1.89 1.74  1.67 1.75 na 2.17 1.86 0.035
Sorghum silage1            
CP 7.65 6.98 6.98 7.70 7.3  7.69 7.32 7.43 7.96 7.60 0.23 
NH3-N, % of N na 2.51 3.76 5.42 3.90  na 3.02 4.23 6.20 4.48 0.24 
NDF 45.9 41.3 42.4 44.7 43.6  44.3 44.7 43.5 47.5 45.0 0.7 
IVOMD 62.7 64.7 63.8 59.6 62.7  66.5 62.1 62.1 59.6 62.6 0.8 
pH na 3.67 3.67 3.88 3.74  na 4.03 3.89 4.40 4.11 0.01 
Lactate na 3.37 3.44 2.21 3.01  na 1.85 2.70 0.86 1.80 0.25 
Acetate na 2.65 2.32 3.08 2.68  na 2.10 2.81 4.80 3.23 0.43 
LCFA 1.78 1.93 na  1.95 1.88  1.89 1.74 na  2.13 1.92 0.04 
C18:2, % of FA 36.3 38.5 40.6 na 38.5  35.1 35.1 na 39.7 36.6 0.4 
C18:3, % of FA 20.3 18.3 na 13.5 17.4  20.2 21.0 na 14.0 18.4 0.6 

 
 

Contrast CP NH3-N  
% of N 

NDF IVOMD pH Lactate Acetate LCFA C18:2 C18:3 

Corn vs.  
Sorghum < 0.001 < 0.001 < 0.001 < 0.001 ns 0.03 < 0.001 0.03 ns <0.01 

Normal vs.  
adverse  < 0.01 < 0.001 <0.01 ns < 0.001 < 0.01 ns 0.06 0.01 ns 

Forage x  
storage  ns 0.01 ns ns < 0.001 ns ns ns ns ns 

Day effect L,Q L ns L L L L,Q L L 0.001 

Forage x  
day L L,Q Q ns L Q Q ns L <0.01 

Storage x  
day ns ns ns ns ns L ns L Q Q 

1 na = not available; L= linear effect, P<0.05; Q = Quadratic effect, P < 0.05; ns = not significant, P > 0.05 
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Top losses in silos containing corn silage according to the sealing method adopted 

R. C. Amaral1, L. G. Nussio1, T. F. Bernardes2, J. O. Sarturi1, G. B. Muraro1, and J.L.P. 
Daniel1 

1University of São Paulo, Department of Animal Sciences, Piracicaba, São Paulo, Brazil  
2Federal Rural University of Amazon, Department of Animal Sciences, Belém, Pará, Brazil 
Email: rcamaral@esalq.usp.br. 
 
Introduction The establishment of anaerobic conditions in silage is important to avoid the growth of 
aerobic microorganisms. Nevertheless, the silage stored in horizontal silos, which is exposed to air and is 
prone to aerobic deterioration, mainly in the upper layer of those silos (Ashbell and Lisker, 1988). The 
plastic sheet used to cover silage has oxygen permeability and small amounts of air will penetrate the 
silage. In this way, aerobic microorganisms will consume reserves, resulting in losses of DM (Bolsen et 
al., 1993), development of pathogenic species (Borreani and Tabacco, 2008), and production of 
mycotoxins (Garon et al., 2006). The objective of this research was to study several sealing methods to 
reduce the top losses in corn silage. 
 
Materials and Methods The trial was carried out in Piracicaba, SP, Brazil (22°42’S, 47°38’W) and the 
treatments evaluated consisted of three factors: plastic sheet (black-on-white polyethylene (PE) film with 
200-µm-thick or black-on-white coextruded polyethylene-polyamide (PA) film with 125-µm-thick); 
bacterial or chemical additives applied onto the top of the silos (control, Lactobacillus buchneri 1x106 
cfu/g forage-1 and sodium benzoate 0.02% wet weight basis); addition of a soil layer (100 kg/m-2) over the 
external surface  of the plastic sheets. Forage was ensiled into macro experimental silos (500-L water 
reservoir) which were opened 90 days after ensiling. During the ensiling one plastic bag with well-mixed 
chopped forage (approximately 4 kg of fresh weight/bag-1) and one data logger were buried into the upper 
layer (25 cm depth) of the silo. The quality of the sealing method was assessed by temperature 
measurements and top losses in the silages were also determined by chemical analyses. 
 
Results and Discussion The upper layer temperature of  corn silage covered with PA plastic sheet was 
two Celsius degree lower than the silage covered by PE plastic sheet after 5th day of storage (Figure 1). 
Chemical composition and DM losses from silages are shown in Table 1 and 2. The control silage reached 
the highest temperature 8.8 hours before than the silages that were ensiled with additives. The pH values 
were lower in silages treated with additives (3.89) than control silages (4.14). The concentration of 
butyric acid was lower in silages covered with PA plastic sheet and with additives. The DM losses were 
decreased (18%) in silages treated with additives, and a trend of increased losses was observed for those 
silages covered without soil. The results in the current study indicate clearly that PA plastic sheet reduce 
the temperature of silage and the additives might decrease DM losses. As a result, these strategies may 
decrease silage costs and prevent growth of pathogenic microorganisms on upper layer of horizontal silos. 
 
Conclusions The coextruded polyethylene-polyamide film and the use of additives diminished the 
potential silage spoilage risks at the top of the macro experimental silos. 
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Table 1. Corn silage fermentation variables according the sealing methods  

Effects2 Interactions 

Item1 Mean SEM Plastic 
sheet 
type  

Additives Soil 
layer PxA PxS AxS PxAxS 

DM, % 36.04 0.22 NS ** * NS NS ** NS 
Ash, % of DM 4.69 0.07 NS NS NS * NS NS NS 
pH 3.97 0.02 NS ** NS NS NS NS ** 
Acetic acid, % of 
DM 

2.59 0.33 NS NS NS NS NS NS NS 

Butiric acid, % 
of DM 

0.17 0.02 ** ** NS NS * NS NS 

THT, hours 12.52 0.94 * ** NS NS * NS NS 
DM losses, % 8.42 0.38 NS * NS * * NS ** 
1THT = Time to reach highest temperature. 2NS P > 0.05; *P < 0.05; **P < 0.01. 
 
Table 2. Fermentation variables of corn silage according to different sealing methods  

Plastic sheet type Additives  Soil layer Item PE PA Control Bacterial Chemical  With Without
DM, % 36.21 35.88 34.89b 36.29a 36.96a  36.30 35.79 
Ash, % of DM 4.67 4.71 4.79 4.76 4.52  4.68 4.70 
pH 3.97 3.96 4.14a 3.91b 3.86b  3.96 3.98 
Acetic acid, % of 
DM 

3.25 1.99 2.57 2.28 3.00  2.16 3.07 

Butiric acid, % of 
DM 

0.11 0.22 0.26a 0.11b 0.14b  0.17 0.16 

THT, hours 11.33 13.78 6.67b 15.83a 15.17a  12.00 13.11 
DM losses, % 8.07 8.77 9.73a 7.69b 7.83b  7.85 8.99 
1THT = Time to reach highest temperature. PE = black-on-white polyethylene film with 200-µm-thick; PA = black-on-white coextruded 
polyethylene-polyamide film with 125-µm-thick; Bacterial =  Lactobacillus buchneri 1x106 cfu.g forage-1; Chemical =  sodium benzoate 0.02% 
(fresh weight basis). 
 
 
 

 
Figure 1. Effects of plastic sheet type over the temperature in the upper layer of corn silage 
during 90 days of storage. PE = black-on-white polyethylene film with 200-µm-thick; PA = 
black-on-white coextruded polyethylene-polyamide film with 125-µm-thick. 
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Aerobic stability of corn silage from the top of silos submitted to different sealing methods 
R. C. Amaral1, L. G. Nussio1, T. F. Bernardes2, G. B. Muraro1, V. P. Santos, S. G. Toledo 
Filho1, and R. S. Goulart 

1University of Sao Paulo, Department of Animal Science, Piracicaba, Sao Paulo, Brazil, Email: 
rcamaral@esalq.usp.br, 2Federal Rural University of Amazon, Department of Animal Science, 
Belém, Pará, Brazil  Email: rcamaral@esalq.usp.br 
 
Introduction The silage stored in horizontal silos is exposed to air and is prone to aerobic 
deterioration, mainly in the upper layer of the silos (Ashbell and Lisker, 1988). The plastic sheet 
used to cover silage has oxygen permeability and small amounts of air will penetrate the silage. 
Thus, the use of bacterial or chemical additives (Kleinschmit et al., 2005) may avoid the aerobic 
deterioration of silage during the storage and when the silo is opened. The objective of this 
research was to evaluate the aerobic stability of corn silage submitted to different sealing 
methods. 
 
Materials and Methods The trial was carried out in Piracicaba, SP, Brazil (22°42’S, 47°38’W). 
Treatments evaluated consisted of three factors: plastic sheet type (black-on-white polyethylene 
(PE) film with 200 µm thick or black-on-white co-extruded polyethylene-polyamide (PA) film 
with 125 µm thick); bacterial or chemical additives applied at the top of the silos (control, 
Lactobacillus buchneri 1x106 cfu/g forage and sodium benzoate 0.02% fresh basis); and addition 
of a soil layer (100 kg/m2) over the plastic sheets. The forage was ensiled in macro experimental 
silos (500-L). Bags containing herbage samples were buried at peripheral zones of the silos to 
determine losses during the fermentation period. After 90 days of ensiling bags were removed 
from the silos and immediately weighed and sub-sampled to determine the chemical changes and 
aerobic stability. The silages were allowed to deteriorate under air exposure at room temperature. 
Ambient temperature, as well as the temperature of each silage, was recorded every 4 h by a data 
logger device over the course of 10 days.  
 
Results and Discussion None of the variables were affected by the soil layer over the plastic 
sheet. The aerobic stability of corn silage sealed with the PE plastic sheet was lower than that of 
silage sealed with the PA plastic sheet (P < 0.01). The silage treated with sodium benzoate 
resulted in greater aerobic stability and lower temperature values (Figure 1). After 5 d of 
exposure to air the silage covered with the PE film showed a higher pH (P < 0.05) than the PA 
film (Figure 2). The pH values across the additives (Figure 3) were lower in silage treated with 
sodium benzoate (P < 0.05) during aerobic exposure.  
 
Conclusion The results indicate that silages treated with sodium benzoate and sealed with the 
PA film were more aerobically stable. 
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Figure 1. Effects of plastic sheet type and additives on aerobic stability and temperature in the 
upper layer of corn silages during 10 days of air exposure. PE  = black-on-white polyethylene 
film with 200 µm thick without additive; PA = black-on-white coextruded polyethylene-
polyamide film with 125 µm thick; CONT = silage without additive; BACT = silage with 
Lactobacillus buchneri 1x106 cfu/g forage; CHEM = silage with sodium benzoate 0.02% (fresh 
basis). 
 

 
Figure 2. Effects of plastics sheet type on pH values in the upper layer of corn silages during 10 
days of air exposure. PE  = black-on-white polyethylene film with 200-µm-thick without 
additive; PA = black-on-white co-extruded polyethylene-polyamide film with 125-µm-thick. 
 

 
 
Figure 3. Effects of additives on pH values in the upper layer of corn silages during 10 days of 
air exposure. Control = silage without additive; Bacterial = silage with Lactobacillus buchneri 
1x106 cfu/g forage; Chemical =  silage with  sodium benzoate 0.02% (fresh basis). 
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The occurrence of mycotoxins in silages 
Y. Acosta Aragón and I. Rodrigues 
BIOMIN GmbH, Industriestrasse 21 3130 Herzogenburg, Austria; Email: 
ines.rodrigues@biomin.net 
 
Introduction After the absorption into the organism, mycotoxins will exert their negative 
impacts at many levels, ranging from decreased performance (decreased feed intake and milk 
production) (Guthrie and Bedell, 1979; Pier, 1981), reproductive problems (Guthrie and Bedell, 
1979) and gastro-intestinal effects (Cook et al., 1986; Guthrie and Bedell, 1979) to hepatotoxic, 
carcinogenic and immunosuppressive effects (CAST, 2003). In order to successfully develop 
strategies to counteract mycotoxins existing in feedstuffs and feeds it is crucial to know to what 
extent and at what quantities mycotoxins are produced. 
 
Materials and methods Biomin GmbH, in collaboration with Romer Labs Singapore Pte Ltd. 
and Quantas Analytik GmbH, analyzed approximately 538 silage samples between the years 
2005 and 2008 for some of the most important mycotoxins in terms of feed and animal 
production: aflatoxin B1 (AfB1), zearalenone (ZON), deoxynivalenol (DON) and fumonisin B1 
(FUM). Maize silage represented more than 95 % of the tested samples. Samples analysed in 
Romer Labs Singapore Pte Ltd. were mainly from Asia countries (namely North, South-East and 
South-Asian countries). Samples analysed by Quantas Analytik GmbH originated mainly in 
European countries. HPLC methodology was used for the analysis of all tested mycotoxins. For 
the purpose of data analysis, non-detection levels are based on the detection limits of the test 
method for each mycotoxin: Total aflatoxins < 4; zearalenone < 32; deoxynivalenol < 50; 
fumonisin B1 < 100 μg/kg (ppb). 
 
Results and discussion The most prominent mycotoxins occurring in Asian samples analysed 
were DON, ZON and FUM with 53, 21 and 7% of the samples testing positive for these 
mycotoxins, respectively. Aflatoxins were only found in 2 samples. A sample with 26,728 μg/kg 
ZON was found but the average contamination was 1,058 μg/kg. Values as high as 5,270 μg/kg 
DON were detected in these samples. As for the European silage samples, 83% tested positive 
for presence of DON and 23% of them showed a positive result for ZON.  Maximum 
contamination found reached values as high as 7,530 and 2,168 μg/kg for DON and ZON, 
respectively. 
 
Conclusion In this report, mycotoxin contamination results of analyzed silage samples from 
Asia and Europe were shown.  Deoxynivalenol and zearalenone were the mycotoxins, which 
were found most often in silages. These findings help to corroborate the hypothesis that these 
two mycotoxins appear not to be affected by anaerobic and acid conditions in silages. Other 
mycotoxins such as those produced by Penicillium roqueforti, the most common fungi present in 
silages (Schneweis et al. 2000), although not analyzed, could also be present.  
 
References 
CAST Report 2003. Mycotoxins: risks in plant, animal, and human systems (J. L Richard and G. 

A. Payne, eds.) Council for Agricultural Science and Technology Task Force report No. 
139, Ames, Iowa, USA. 



 

July 27-29, 2009 – Madison, Wisconsin, USA 202 

Cook, W. O., J. L. Richard, G. D. Osweiler, and D. W. Trampel. 1986. Clinical and 
pathologic changes in acute bovine aflatoxicosis: rumen motility and tissue and fluid 
concentrations of aflatoxins B1 and M1. Am. J. Vet. Res. Vol. 47 (8):1817-1825. 
Guthrie, L. D., and D. M. Bedell. 1979. Effects of aflatoxin in corn on production and 

reproduction in dairy cattle. Proc. Annu. Meet. U. S. Anim Health Assoc. 202-204. 
Pier, A. C. 1981. Mycotoxins and animal health. Adv. Vet. Sci. Comp Med. Vol. 25:185-243. 
Schneweis, I., K. Meyer, S. Hörmansdorfer, and J. Bauer. 2000. Mycophenolic Acid in Silage. 

Appl. Environ. Microbiol. 66:3639-3641. 
 
Table 1.  Occurrence of mycotoxins in Asian silage samples 

Asian silages European silages 
Parameter  Afla ZON DON FUM DON ZON 
number of samples tested 227 227 227 227 311 311 
number of positive 
samples 2 48 120 15 188 57 

percentage positive [%] 1 21 53 7 83 23 
average contamination 
(μg/kg) 27 1,058 348 1,519 564 129 

maximum contamination 
(μg/kg) 29 26,728 5,270 6,627 7,530 2,168 
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An additive for the improvement of the quality of whole plant corn silages 
Y. Acosta Aragón1, S. Pasteiner1, K. Schoendorfer2, G. Schatzmayr2; A. Klimitsch2, and G. 
Boeck2 
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Introduction Biological silage additives are used in two main directions: a) stimulants that 
enhance the fermentation (homofermentative lactic acid bacteria (LAB), producing mainly lactic 
acid); and/ or b) inhibitors that lengthen the aerobic stability of the silages during the feed-out 
phase (under exposure to air, heterofermentative bacteria producing acetic or propionic 
acid)(Shaver, 2008). In case of corn silages, the fermentation is not the major problem since corn 
has adequate quantities of water-soluble carbohydrates and low buffering capacity. However, the 
aerobic stability is very often affected. The aim of these studies was to test the impact of a silage 
inoculant (Biomin® BioStabil Mays (BSM), a blend of L. plantarum, E. faecium and L. brevis) 
on the quality of whole plant maize silage under practical conditions. 
 
Materials and Methods The trials were conducted in the years 2007 and 2008 in Middle Europe, 
mainly in Slovakia (trial I and II), Hungary (trial III) and Italy (trial IV). Silages treated with the 
product BSM (concentration of 1 x 105 cfu/g fresh matter) under study were compared with 
others without any additives (negative control, NC) or with silages treated with other products 
available on the market in dosages recommended by the producers (positive control, PC). The 
material was ensiled in bunkers. Samples of the raw materials (RM, in the trials III and IV) and 
of the silages (all trials) were sent to the laboratories after a minimum of 6 weeks in the countries 
of origin of the silages. The main parameters evaluated were nutrient content (DM, CP and ash, 
among others) and silage quality parameters (pH value, lactic acid, acetic acid, butyric acid, 
ammonia-N). Results were compared with the control silages, as well as with the parameters 
given by the German Association for Agriculture (DLG). The aerobic stability was evaluated 
organoleptically. Based on the variation of energy content (NEL), calculations of the profit per 
ton, as well as the return on investment (ROI) were done. 
   
Results and Discussion Protein contents were slightly higher in the treatments with BSM 
compared with the NC and PC. The end pH value after at least 6 weeks was not markedly 
affected by the use of the silage inoculant. Nevertheless, the content of lactic and acetic acid 
were, in average, higher for the groups treated with BSM when compared with the control 
silages (+ 15.3 and + 8.7 g/ kg DM respectively); as well as when compared with silages treated 
with the other products (+ 11.6 and + 4.5 g/ kg respectively). Butyric acid contents varied from 
very low (0.1 g/ kg DM) to 0 in all silages without a tendency. All NC and PC treatments 
became warm after 2–3 days. Silages treated with the BSM were stable after 5 days, except 1 silo 
in which the rate of feed-out was not fast enough to prevent the spoilage (< 1.0 m/ week). 
Economical calculations based on the energy benefit for milk production show a profit of € 2.24 
to 3.66 per ton of treated silage. 
   
Conclusions The silage inoculant BSM improved the production of lactic and acetic acid 
compared with NC and PC. The butyric fermentation was not a problem in any of the corn 
silages. BSM improved the aerobic stability to greater than 2 to 3 days. The calculations made 
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based on the energy recovery show econonomical benefits in the use of BSM of € 2.24 to 3.66 
per ton of treated silage. 
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Table 1. Nutrient composition and silage quality in the experiment I  and II (Slovakia) 

Trial I II 

Treatment  NC PC BSM NC PC BSM 

Dry matter (%)  28.7 30.8 29.2 32.1 31.9 30.6 

Crude protein (g/kg)  92.8 70.9 78.7 87.3 72.1 74.3 

Ash (g/kg)  58.2 43.7 38.6 46.2 47.1 45.0 

NEL (MJ/kg DM)  6.25 6.34 6.38 6.41 6.22 6.29 

pH  3.59 3.38 3.39 3.50 3.3.46 3.41 

Lactic acid (% in DM)  1.80 2.61 2.70 2.45 2.66 2.80 

Acetic acid (% in DM)  0.61 0.68 0.90 0.73 1.08 1.35 
 
Table 2. Nutrient composition and silage quality in the experiment III (Hungary) and IV (Italy) 

Trial III IV 

Parameter  RM PC BSM RM PC BSM 

Dry matter (%) 34.0 31.3 35.7 34.8 35.0 33.7 

Crude protein (g/ kg DM) 89.1 83.2 77.4 88.3 76.4 76.9 

Ash (g/ kg DM) 45.0 38.8 35.5 39,9 40.2 40.1 

NEL  (MJ/kg DM)   6.62 6.41 6.50 6.55 6.39 6.49 

pH  - 3.8 3.8 - 3.65 3.57 

Lactic acid (% in DM) - 1.6 1.8 - 1.78 2.11 

Acetic acid (% in DM) - 0.5 0.5 - 0.82 0.94 
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Introduction.  Sugarcane (Saccharum spp.) ensiling has been performed as a way to make the 
management of this forage easy for farmers.  However, intense alcoholic fermentation occurs 
due to yeast metabolism (Kung Jr. and Stanley, 1982). It is recommended the use of additives to 
improve the conditions of fermentation, and reducing dry matter (DM) losses. Many types of 
additives have been tested in the ensiling of sugar cane, though neither of them was actually 
efficient. Lactic acid bacteria (LAB) are the main microorganisms used as inoculants in silage. 
According to Muck (2001), one of the determining factors for the successful application of 
microbial inoculants in silage is the compatibility between the plant and the microorganisms 
used. The objective of this study was to select LAB strain in the laboratory with the capacity of 
inhibiting the growth yeasts during fermentation of sugarcane. 
 
Materials and Methods Out of a total of 21 strains of LAB isolated from sugarcane silages, 
belonging to the Microorganism Collection of the UFLA Microbiology Laboratory, 13 were 
selected to be investigated on the basis of their capacity of inhibiting yeast growth in sugarcane 
juice, namely: UFLA SIL 1 (1), UFLA SIL 13 (2), UFLA SIL 14 (3),  UFLA SIL 20 (4),  UFLA 
SIL 26 (5),  UFLA SIL 40 (6),  UFLA SIL 65 (7),  UFLA SIL 72 (8),  UFLA SIL 1.1D (9),  
UFLA SIL 1.2A (10),  UFLA SIL 1.3D (11),  UFLA SIL 1.4A (12) and UFLA SIL 1.6A (13). 
The fermentation of each isolate combined with a mixture of yeast strains, also isolated from 
sugarcane silage, was performed in Erlenmeyers containing sugarcane juice. The Erlenmeyers 
were incubated in a shaker at controlled temperature. In times 0, 1, 4, 8, 12, 20, 26, 41, 56 and 90 
days’ fermentation,  yeast populations were evaluated in Newbauer chamber and LAB by the 
plate spread techniques. In times 0, 4, 12 and 90 days, samples were taken for determination of 
pH and concentrations of volatile fatty, lactic acid and ethanol.   
 
Results and Discussion The initial population of LAB isolates was on average  6.4 log CFU/ml 
of juice, and varied during fermentation. The population of isolates 4 and 6 was reduced to 
values close to 4 log CFU/ml, but remained viable during the 90 days of fermentation. For the 
other isolates, population ranged from 7.0 to 9.0 log CFU/ml until about 50 days of fermentation. 
Yeast population in fermentations with the 13 isolate remained viable during 90 days, 
nevertheless, there were few variations among the isolates (6.5 to 8.0 log CFUml), which was 
reflected on ethanol values (Fig. 1), which were also very similar. The final yeast population was 
5.76 log CFU/ml and bacteria were 5.84 log CFU/ml. No great variations in pH values were 
found for fermentations with different LAB isolates. The initial average pH of 5.4 fell from 3.33 
to 3.62 during fermentation. With 12 days of fermentation, pH values for all isolates showed 
small increase. With the exception of isolates 1, 11 and 12, from 12 to 90 days there was a 
further increase of pH values. That increase of the pH values was the result of the reduction of 
the lactic acid contents. Base on these results, microbial population and pH variation was not 
sufficient to select a better strain. However, there were differences concerning the metabolism 
products, especially acetic and lactic acid concentrations (Fig. 1). Lactic acid concentration was 
higher in time 4 standing out isolates 3 and 4. On the contrary, acetic acid concentration was 
higher after 12 days of fermentation. Fermentations containing facultative heterofermentative 



 

July 27-29, 2009 – Madison, Wisconsin, USA 206 

bacteria (strains 1, 11 and 12), production of lactic acid was lower than 1g/l. As these acids 
interfere in forage conservation, these strains should be tested in the forage to reach better 
conclusions on which LAB strains were most indicated to sugarcane silages. 
 
Conclusions There were no differences among isolates as regards the inhibition of the growth of 
yeasts. There were great variations among the metabolism products, thus the behavior of these 
strains should be more deeply studied in silos. 
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Figure 1. Contents of lactic (a), acetic (b), propionic acids (c) and ethanol (d) during the 
fermentation of sugarcane fermentation by yeasts and different isolates of lactic acid bacteria. 
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Introduction Corn silage is a feed of high nutritive value for development of opportunistic 
microorganisms, which are responsible for aerobic deterioration. Heterofermentative bacteria 
Lactobacillus buchneri improves aerobic stability of silages by reducing yeast and mold. The 
aim of this trial was to evaluate the effect of increasing doses of L. buchneri on chemical 
composition and aerobic stability of corn silage. 
 
Materials and Methods Lactobacillus.buchneri (NCIMB40788 strain) was applied to corn 
hybrid Maximus at: SLB - control (no inoculated); LB1 - 5x104, LB2 - 1x105, LB3 - 5x105, LB4 
- 1x106 CFU / g of forage. Plastic buckets (3 per treatment) with 7 L capacity were filled with 4 
kg of treated corn, sealed and stored at room temperature. After 100 days of fermentation, silos 
were opened, spoliated forage discarded, and the remainder was homogenized, placed in plastic 
buckets, and maintained in a closed place at room temperature. Silage temperature was measured 
every half hour by a data logger inserted in the center of mass during the aerobic exposition (0, 4, 
8 and 12 days). Room temperature was measured by data logger distributed near of the 
experimental silos. Samples were collected to evaluate pH values according to Kung Jr et al. 
(1984), acetic acid concentration was conducted by gas chromatography and counting of yeasts 
and mold was determined in acidified potato agar (Difco). Data were analysed according a 
completely randomized design in a split plot scheme, considering the main treatment on the 
parcels and evaluation time on the sub parcel. 
 
Results and Discussion At opening, pH did not differ significantly among silages (Table 1). But 
at time 4 the pH showed lowest in treated silages and at time 8 the treatments LB3 and LB4 
showed lowest pH. During aerobic exposition, pH values increased, possibly by the lactic acid 
consumption by aerobic microorganisms and volatilization of acetic and propionic acids. 
Treatment LB3 and LB4 showed lower pH values at 8th day of aerobic exposition. Acetic acid 
concentrations were higher in treated silages and decreased along the aerobic exposure (Table 1). 
Silos opened at time 0 showed lowest yeast in the treated silages (Table 1). However, only the 
treatments LB2, LB3 and LB4 showed lower yeast counts at 4 d (P <0.05). After 4 d, yeast did 
not differ (P> 0.05). Lactobacillus buchneri was efficient in the control of molds (P <0.05) 
(Table 1). Control of yeasts and molds in treated silages can be explained by presence of acetic 
and propionic acid which have antifungal effect (Holzer et al., 2003). Lactobacillus buchneri 
improved (P <0.05) aerobic stability of corn silage. Treatment LB3 was stable for a longer time 
(223.9 h). The increase in temperature is indicator of aerobic deterioration, and it is reflected on 
increase of yeasts and molds. 
 
Conclusions Lactobacillus buchneri was effective in reducing yeast and mold in  corn silage. All 
doses, specially 5x105 CFU of L. buchneri / g silage, reduced yeasts and mold and improved 
aerobic stability. 
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Table 1. pH values, acetic acid levels, number of yeasts and mold in corn silage according L. buchneri 
doses and days of aerobic exposure 

Treatments  Treatments  
SLB LB1 LB2 LB3 LB4** Avg. SLB LB1 LB2 LB3 LB4 Avg. Time 

(days) 
pH  acetic acid (% of DM)  

0 3,90Ba 4,00Ba 3,95Ba 4,00Ba 3,89Ba 3,95 0,7886Bb 1,0520Aa 1,2240Aa 1,1700Aa 1,3265Ba 1,1122 
4 5,43Aa 3,93Bb 4,02Bb 4,16Bb 4,13Bb 4,33 0,4735Ac 1,1252Ab 1,2777Ab 1,1839Ab 2,1684Aa 1,2457 
8 5,51Aa 5,73Aa 4,92Aa 4,00Bb 4,71ABab 4,97 0,4591Ab 0,4039Cb 0,4851Bb 0,9129Aa 0,4887Cb 0,5499 
12 5,56Aa 5,48Aa 5,72Aa 6,01Aa 5,66Aa 5,67 0,4827Aa 0,5401Ba 0,5159Ba 0,4615Ba 0,5939Ca 0,5188 

Means 5,10 4,79 4,65 4,54 4,60  0,5510 0,7803 0,8757 0,9321 1,1444 0,5510 
CV*      5,58      59,73 

 Yeasts (Log10 CFU/g)  Molds (Log10 CFU/g)  
0 4,71Bb 1,71Ba 1,70Ba 1,24Ca 2,31Ca 2,33 3,71 2,97 2,45 2,97 2,69 2,96D 
4 8,45Aa 6,96Aab 6,47Ab 5,53Bb 6,27Bb 6,74 4,69 3,89 3,97 3,34 2,71 3,72C 
8 7,82Aa 8,02Aa 7,80Aa 7,61Aa 7,68ABa 7,79 7,10 5,17 4,53 4,77 4,38 5,19B 
12 8,50Aa 8,74Aa 8,15Aa 8,50Aa 8,55Aa 8,49 7,66 6,63 6,45 6,26 6,32 6,66A 

Means 7,37 6,36 6,03 5,72 6,20  5,79a 4,66b 4,35b 4,34b 4,03b  
CV            15,97 

Means followed by equal letters, uppercase letters in columns and lowercase letters in line do not differ by Tukey test (P<0,05). 
*CV (Coefficient of variation): %. ** SLB - control; LB1 - 5x104, LB2 - 1x105, LB3 - 5x105, LB4 - 1x106 CFU/g de forage. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 1. Effect of L. buchneri doses on aerobic stability of corn silage.  

Means followed by equal letters do not differ by Tukey test (P <0.05). 
* SLB - control; LB1 - 5x104, LB2 - 1x105, LB3 - 5x105, LB4 - 1x106 CFU/g of forage. 
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The effect of Lactobacillus buchneri on chemical composition and on aerobic stability of 
high moisture corn grain silage 
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Introduction High moisture corn silage is being increasingly used, allowing farmers to store 
product with lower losses and advance the maize harvest time. Sanitary quality of high moisture 
corn silage should be emphasized, since the presence of undesirable microorganisms can affect 
its’ quality. Strategies such as use of heterofermentative bacteria inoculants have been studied as 
an attempt to improve aerobic stability of silages by reducing yeasts and molds population. The 
objective was to evaluate the effect of L. buchneri doses on chemical composition and aerobic 
stability of high moisture corn silage. 
 
Materials and Methods The treatments were increasing L.buchneri doses (NCIMB40788 strain) 
applied on the high moisture grains of hybrid corn Maximus: SLB - control (no inoculant); LB1 - 
5x104, LB2 - 1x105, LB3 - 5x105, LB4 - 1x106 CFU / g of corn ground. Plastic jars with a 7L 
capacity were used, sealed and stored at room temperature. After 130 days of fermentation, the 
silos were opened, spoiled material was discarded, the remainder was homogenized and placed 
in plastic buckets, wrapped, and stored in a closed room at room temperature. Temperatures were 
read every half hour by a data logger inserted in the center of mass during the aerobic exposition 
(0, 4, 8 and 12 days). The room temperature was measured by means of data logger distributed 
near to experimental silos. Samples were collected to evaluate pH values according to Kung Jr et 
al. (1984), acetic acid determination was done by gas chromatography and the counting of yeasts 
and mold was made in acidified potato agar (Difco). 
 
Results and Discussion In silos opening, the pH values did not differ significantly among 
treatments (P> 0.05). During aerobic exposition, the pH values increased, possibly by the 
consumption of lactic acid by aerobic microorganisms and loss of acetic and propionic acid by 
volatilization. The pH values of treatments LB3 and LB4 were lower. Concentrations of acetic 
acid did not differ significantly among treatments (P> 0.05), this result disagrees with those 
found in the literature, as one of end products of fermentation of L. buchneri is acetic acid (Kung 
and Taylor, 2002). The development of microorganisms at opening of silos was not affected. 
Consequently there was no significant difference in the counting of yeasts colonies among 
treatments. However, the silages treated with doses from 5x105 CFU / g of silage had lower 
counts of yeasts until the fourth day of aerobic exposition (P< 0.05) (Table 1). On the fourth day 
of aeration the count of molds was lowest for all silages treated, in later days the counts did not 
differ significantly among treatments (P> 0.05). Although no significant differences were found 
among treatments for acetic acid concentration, the silages treated were positive in the control of 
mold and yeast until the fourth day of aerobic exposure. In Figure 1, it is observed that inclusion 
of L. buchneri did not affect significantly (P> 0.05) aerobic stability of high moisture corn silage, 
but numerically did improve the silages treated. The aerobic instability for inoculated silages was 
higher than 87.5 hours. The treatment LB3 was stable for longer time (115.8 h). 
 
Conclusions Although use L. buchneri did not show significant results, there was a satisfactory 
trend in the control of the aerobic stability of high moisture corn grain silage in laboratory 
conditions. The doses of L. buchneri, in general, have been effective in controlling yeast and 
molds, especially the doses with 5x105 and 1x106 CFU / g of silage. 
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Table 1. Values of pH, acetic acid levels, number of yeasts and mold in high moisture corn silage according L. 
buchneri doses and days of aerobic exposure 

Treatments  Treatments  
SLB LB1 LB2 LB3 LB4** Average SLB LB1 LB2 LB3 LB4 Average 

Time 
(days) 

pH  
 

acetic acid (% of DM)  
0 3,98 3,98 3,90 3,90 3,90 3,93C  0,3563 0,3383 0,3716 0,3466 0,4104 0,3646A 
4 4,31 4,10 4,00 3,90 3,90 4,04C  0,2815 0,2891 0,2576 0,2897 0,3043 0,2844B 
8 6,11 5,84 5,83 4,93 4,83 5,51B  0,1660 0,1525 0,1643 0,1778 0,1577 0,1637C 
12 7,41 7,14 7,20 6,70 7,30 7,15A  0,1582 0,2054 0,1707 0,1726 0,1657 0,1745C 
Avg. 5,45a 5,27ab 5,23ab 4,86b 4,98b   0,2405a 0,2463a 0,2411a 0,2467a 0,2595a  
CV*      5,48       11,47 
 Yeasts (Log10 CFU/g)   Molds (Log10 CFU/g)  
0 3,97Ba 4,38Aa 1,77Ba 4,47Ba 1,34ABa 3,19  3,68Ba 3,82Ba 1,71Bb 2,15Ba 2,85Ba 2,84 
4 7,36Aa 6,10Aa 5,96Aa 2,06Bb 1,00Bb 4,50  7,19Aa 5,36ABb 5,33Ab 5,03Ab 1,90Bc 4,96 
8 6,64Aa 6,57Aa 6,15Aa 6,37Aa 3,47ABb 5,84  6,04Aa 6,55Aa 6,26Aa 6,05Aa 6,30Aa 6,24 
12 5,16Ba 4,58Aa 4,33Aa 2,23Bb 3,89Aab 4,32  6,45Aa 5,70Aa 6,40Aa 6,35Aa 6,15Aa 6,21 
Avg. 5,78 5,41 4,55 3,78 2,43   5,84 5,36 4,93 4,90 4,30  
CV      39,5       19,02 

Averages followed by equal letters, uppercase letters in columns and lowercase letters in line do not differ by Tukey test 
(P<0,05). *CV (Coefficient of variation): %. ** SLB - control; LB1 - 5x104, LB2 - 1x105, LB3 - 5x105, LB4 - 1x106 UFC/g de 
forage. 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 1. Effect of L. buchneri doses on aerobic stability of high moisture corn silage. Means 
followed by equal letters do not differ by Tukey test (P > 0.05). 
* SLB - control; LB1 - 5x104, LB2 - 1x105, LB3 - 5x105, LB4 - 1x106 UFC/g of forage. 
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Introduction When exposed to oxygen or in the feed bunk, corn silage becomes particularly 
susceptible to aerobic deterioration (Ashbell and Weinberg, 1992; Kung et al, 1998). Air is the 
major cause of spoilage in silage. When the cover is inadequate, air and moisture enter the silo 
and affect both the ensiling process and silage quality during the storage and feeding phases. The 
sealing of bunker and stack silos is normally done with plastic sheeting, usually polyethylene of 
various colors and thicknesses. An oxygen barrier film has recently been developed for silage 
sealing and has been compared to conventional polyethylene in several parts of the world. The 
objective of this research was to study the effectiveness of the oxygen barrier film on the 
reduction of top silage losses. 
 
Materials and Methods Two trials were carried out in 1 commercial farm in Jaboticabal, Brazil. 
Whole-plant corn was harvested at around the 50% milk-line stage and ensiled in 2 stack silos 
(Experiment 1 and Experiment 2). The 2 covering treatments were: a sheet of 200-μm-thick 
black-on-white polyethylene film (ST) and a sheet of 45-μm-thick transparent oxygen barrier 
film (OB) plus a sheet of ST over the OB film. The stack silos were divided in two parts along 
the length: half was covered with ST film and half with OB plus ST film. Both films were 
secured with soil around the silos. During the filling of each silo, 12 bags of nylon (6 for each 
treatment) containing herbage were distributed at peripheral zone (10 cm of depth) of the silos in 
order to determine losses during the conservation period. 
 
Results and Discussion In Experiment 1 the fermentative characteristics, microorganisms’ 
numbers and DM losses were unaffected by OB film. However, the corn silage under the OB 
film showed a tendency toward lower DM losses (3.5 vs. 4.7 % for OB and ST film) and 
occurrences of yeasts and molds compared to the silage under the ST film. In Experiment 2 the 
OB film decreased the pH, propionic acid concentration, and yeast numbers (P < 0.05). The 
difference in DM losses between treatments in Experiment 2 was numerically greater (4.4 vs. 
2.3% for ST and OB film), but the difference was not statistically significant. 
 
Conclusions The results showed that the OB film reduced the occurrence of spoilage 
microorganisms and improved the fermentation profile in corn silages near the film. 
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Table 1. Fermentation quality and concentrations of yeasts and molds in the peripheral area of 
the stack silo, sealed with an oxygen barrier (OB) or standard plastic (ST) film (Experiment 1) 

Plastic film 
Item ST OB SE P-value 

DM, % 30.91 30.24 0.57 0.589 
pH 4.37 4.43 0.13 0.854 
NH3-N, % of  total N 5.07 5.17 0.35 0.869 
Acetic acid, % of  DM 1.17 0.950 0.1 0.278 
Propionic acid, % of DM 0.07 0.047 0.0007 0.911 
Butyric acid, % of DM 0.007 0.007 0.01 0.381 
Yeasts, log10 cfu/g 6.31 5.16 0.78 0.490 
Molds, log10 cfu/g 4.92 3.10 0.74 0.234 
DM losses, % 4.7 3.5 1.09 0.594 
 
 
Table 2. Fermentation quality and concentrations of yeasts and molds in the peripheral area of 
the stack silo, sealed with an oxygen barrier (OB) or standard plastic (ST) film (Experiment 2) 

Plastic film 
Item ST OB SE P-value 

DM, % 29.25 30.18 0.40 0.266 
pH 4.08 3.82 0.13 0.009 
NH3-N, % of  total N 6.42 6.66 0.35 0.691 
Acetic acid, % of  DM 1.98 1.70 0.17 0.424 
Propionic acid, % of DM  0.32 0.10 0.0009 0.018 
Butyric acid, % of DM 0.008 0.005 0.05 0.069 
Yeasts, log10 cfu/g 7.69 5.18 0.59 0.024 
Molds, log10 cfu/g 3.99 3.97 0.69 0.990 
DM losses, % 4.4 2.3 0.92 0.282 
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Introduction Whole-plant corn silage, stored in horizontal silos, is the major source of forage in 
Brazil. Among the silages, corn silage is particularly susceptible to aerobic deterioration, 
especially in the upper layer of the silos (Borreani et al., 2007). Although polyethylene sheeting 
has been the most common method used to protect silage near the surface, the protection 
provided is highly variable and often changes during storage (Savoie, 1988). The objective of 
this work was to study the effectiveness of several covering methods that are used in Brazil to 
reduce the top losses in corn silage at different storage times. 
 
Materials and Methods The trial was carried out in Piracicaba, Brazil (22°42’S, 47°38’W). The 
treatments evaluated were: 1) black polyethylene (PE) film, 150-µm thick (B150), 2) black PE 
film, 200-µm-thick (B200), 3) black PE (150-µm thick) plus soil over the sheet (B150S), 4) 
black PE (200-µm thick) plus soil over the sheet (B200S), 5) oxygen barrier film, 125-µm thick 
(OB), 6) black-on-white (200-µm thick) PE film (PE), 7) black-on-white (200-µm thick) 
polyvinyl alcohol film (PVOH), 8) black-on-white (300-µm thick) polyvinyl chloride film 
(PVC). The forage was ensiled in macro silos (500-L) which were opened 75 or 150 days after 
ensiling. During the silo filling one plastic bag with fresh material and one data logger were 
buried in the upper layer of the silo. The plastic films were secured to the silos with adhesive 
tape and the silos were stored outside. The quality of the sealing was assessed by temperature 
measurements. Top losses in the silages were also determined by chemical and microbiological 
analyses. 
 
Results and Discussion The changes in temperature of the corn silages during storage are 
reported in Figure 1. After about 12 and 60 d of fermentation, the temperature started to rise in 
the B200 and B150 silages, respectively. The temperature did not increase in other silages and 
their changes corresponded to environmental temperature. Chemical composition, microbial 
counts, and DM losses from silages are shown in Table 1. Treatments B150S and B200S 
produced silages with lower values of ash, pH, yeasts and DM losses than all other treatments. It 
showed that a soil layer over the black film is important. The OB film had lower values of pH, 
yeasts and DM losses among black-on-white films. It has been established that the lower oxygen 
permeability of the OB film improves fermentation quality (Borreani et al, 2007). 
 
Conclusions The aerobic deterioration was less intensive when the silo was sealed with soil over 
the plastic film. Black sheets resulted in increased temperature and higher DM losses in relation 
to black-on-white films. The OB film affected the silage DM losses, which were reduced in 
comparison with other black-on-white films. The peripheral zone of the silo showed more 
desirable conservation and less DM losses (70% less) when the storage period was 75 days. 
 
References 

Borreani, G., E. Tabacco, and L. Cavallarin. 2007. A new oxygen barrier film reduces 
aerobic deterioration in farm-scale corn silage. J. Dairy Sci. 90:4701-4706. 
Savoie, P. 1988. Optimization of plastic covers for stack silos. J. Agric. Eng. Res. 41:65–
73.



 

July 27-29, 2009 – Madison, Wisconsin, USA 214 



 

XVth International Silage Conference Proceedings 215 

Aerobic deterioration in corn silage covered with oxygen barrier film in stack silos 
T. F. Bernardes1, R. A. Reis2, M. K. Miyazaki2, and A.P.T.P. Roth2 

1Universidade Federal Rural da Amazônia, Departamento de Zootecnia, Belém, Brazil, 
2Universidade Estadual Paulista, Departamento de Zootecnia, Jaboticabal, Brazil; E-mail: 
tfbernardes@yahoo.com 
 
Introduction Livestock farms can store silage in various ways. In Brazil, some farmers prefer 
stack silos due to the minimal investment required. However, silo design allows large areas of 
the ensiled material to be exposed to the environment. Sealing of stack silos is normally done 
with polyethylene sheeting of various colors and thickness. A new black-on-white co-extruded 
oxygen barrier film that was recently developed for silage sealing has been compared to 
conventional polyethylene in several countries. The aim of this work was to evaluate the effect of 
this oxygen barrier film on aerobic deterioration of corn silage stored in stack silos in a tropical 
climate. 
 
Materials and Methods Two trials were carried out in Jaboticabal, Brazil (21°15’S, 48°18’W), 
in two commercial stack silos (silos 1 and 2). Two treatments were compared: 1) a sheet of 180-
μm thick black polyethylene film (BPE) and 2) a sheet of 45-μm thick transparent oxygen 
barrier film (OB) plus a sheet of BPE over the OB film. Characteristics of the plastic sheets are 
shown in Table 1. The stacks silos were divided into two parts along the length: half was covered 
with BPE film and half with OB plus BPE film. During filling of each silo, 16 plastic net bags (8 
for each treatment) with fresh material were weighed and buried in the upper layer of each stack. 
When the feedout face reached a distance of 30 cm from the bags, these were removed from the 
silos for analysis. The daily feedout rate differed on the two silos (36 and 23 cm/day for silos 1 
and 2, respectively). Characteristics of the stack silos used in the trials are reported in Table 1.  
 
Results and Discussion The fermentation profile of the silages from silo 1 are given in Table 2. 
The OB film in silo 1 decreased the pH and the counts of molds and yeasts (P < 0.05). This 
shows that the lower oxygen permeability of the OB film improved the fermentation quality 
(Borreani et al., 2007). The DM losses in silo 1 were numerically greater (7.9 vs. 6.7% for 
OB+BPE and BPE film, respectively), but the difference was not statistically significant (P = 
0.593). The characteristics of the silages from silo 2 are given in Table 3. In silo 2 the chemical 
composition, microbial counts and DM losses were unaffected by OB film. However, the losses 
were higher in the silage sealed with the OB+BPE film compared with BPE film (13.7 vs. 9.4%). 
The results showed the relevance of daily feedout rate on the fermentation profile of the corn 
silage covered with OB film. When adequate amounts of silage were removed daily (silo 1), the 
OB film improved the quality of the corn silage at peripheral areas of the silo. 
 
Conclusions The results indicate that the OB film slightly reduced the occurrence of spoilage 
microorganisms and improved fermentation profile in corn silages at peripheral areas of the silo. 
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Table 1. Characteristics of the silos and films used in the trials 
Item Silo 1 Silo 2 
Period of consumption Autumn  Autumn 
Silo size, m   

Length 13 13,5 
Width 4,5 5,0 
Height 0,80 0,90 

Storage duration, d 36 57 
Feedout rate, cm/d  36  23 
 Plastic film 
 OB BPE 
Color Transparent Black 
Nominal thickness, µm 45 180 
Measured thickness, µm 42 ± 4 171 ± 9 
Oxygen Permeability, cm3/m2 per 24 h at 1 
bar 91 ± 8 722 ± 19 

OB = transparent oxygen barrier film; BPE = black polyethylene film 
 
Table 2. Fermentation quality and microbial counts in the peripheral area of a stack silo sealed 
with an oxygen barrier film (OB) plus black polyethylene (BPE) film or BPE alone (silo 1) 

Plastic film 
Item OB+BPE BPE SE P-value 

DM, % 30.5 30.6 0.35 0.930 
pH 3.69 3.88 0.04 0.012 
Lactic acid, % of DM 3.14 2.95 0.61 0.091 
Acetic acid, % of  DM 2.16 2.21 0.39 0.117 
Propionic acid, % of DM 0.51 0.46 0.19 0.865 
Yeasts, log10 cfu/g 1.9 2.8 0.17 0.001 
Molds, log10 cfu/g 1.0 1.7 0.15 0.007 
DM losses, % 7.9 6.7 1.01 0.593 
 
Table 3. Fermentation quality and microbial counts in the peripheral area of a stack silo sealed 
with an oxygen barrier film (OB) plus black polyethylene (BPE) film or BPE alone (silo 2) 

Plastic film 
Item OB+BPE BPE SE P-value 

DM, % 35.4 34.6 0.45 0.433 
pH 4.73 4.69 0.13 0.829 
Lactic acid, % of DM 1.16 1.25 1.03 0.104 
Acetic acid, % of  DM 2.10 1.95 1.39 0.817 
Propionic acid, % of DM 0.41 0.37 0.23 0.665 
Yeasts, log10 cfu/g 5.0 6.7 0.25 0.182 
Molds, log10 cfu/g 4.0 5.1 0.37 0.247 
DM losses, % 13.7 9.4 1.49 0.152 
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Introduction Corn and sorghum genotype evaluation is important for crop and livestock 
producers using these forages as animal feeds. This study aimed to estimate the productivity and 
quality of corn and sorghum hybrids for silage production, by the multivariate statistical 
methodology.  The purpose was to find similar groups of genotypes and identify the principal 
components involved in this grouping (production and nutritional value after and before ensiling). 
Principal Component Analysis (PCA) was used in order to highlight the relationships among 
genotype, production and nutritive value data. PCA was considered a suitable method to treat 
this data set, as it presents a number of advantages. First, it is a chemometric statistical method, 
which condenses into few latent variables the information contained in many original variables. 
Secondly, it offers the possibility of using discrete variables as well as continuous variables, as it 
is absolutely independent of data distribution; furthermore, the use of PCA with binary variables 
allows for qualitative considerations. Cluster analysis (complete linkage method) was performed 
with the aim of finding groups with homogeneous characteristics of genotype, production and 
nutritive value data. This is also a suitable method for the analysis of non-normally distributed 
data, which allows allocation of the experimental units to different groups, on the basis of their 
similarity level and on the possibility of interpreting the results. 
 
Materials and Methods The study was conducted in Jaboticabal, Brazil. Three multivariate 
statistical methods (hierarchical cluster analysis, cluster analysis non-hierarchical k-means, and 
analysis of main components) were used to evaluate the production and chemical characteristics 
of corn and sorghum hybrids. The experiment was conducted according to a randomized block 
design to evaluate eleven treatments (eight corn hybrids: AG1051, 30F90, SHS4070, XB8028, 
AGN20A20, CD3121, DKB466, XB7116, and two sorghum hybrids: AG2005, Volumax, 
XBF60329) with three replications. 
 
Results and Discussion From a productive characteristics point of view, there were three 
different groups (G1 = 30F90, AG2005 = G2, G3 and XB7116 and XB8028 = AG1051, 
AGN20A20, SHS4070, Volumax, DKB466, XBF60329 and CD3121) depending on variables 
contrasting number of plants per hectare (NPL/ha) and ear dry matter production (DM kg/ear) vs. 
grain DM production (Figure 1). G1 presented higher plant population/ha, and didn’t show 
reduction in ear weight resulting in highest total DM, grain production/ ha, and percentage of 
grains. Qualitative variables formed two groups (G1 = corn, G2 = sorghum) and subgroups of 
corn hybrids with a lower proportion of grain and NFC, negatively interfering in IVDMD and 
TDN contrasting the level of MM, NDF, ADF, CEL and LIG (Figure 2). Corn 1 sub group 
included two hybrids (XB7116 and XB8028) which were included on the G2 group (according to 
production characteristics), characterized by lower values of grain proportion (19.85%), NFC, 
IVDMD and TDN and lower TDN/ ha production. The subgroup sorghum 1 (AG 2005) showed 
higher CP compared to the sorghum subgroup 2. Silages maintained the same groups of corn and 
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sorghum hybrids. The characteristics DM, NFC, IVDMD, EE, NDT and pH values were 
contrasting when compared to the  MM, NDF and ADF, HEM, LIG, NDIN, ADIN and BC and 
the NDF values. These parameters determine the nutritional value of silages. Hybrids that 
produce higher amounts of DM, energy and nutrients per area provided better silage quality, 
especially corn hybrid 30F90 (12.36 kg TDN / ha and 16.8 t DM / ha) and sorghum hybrid 
Volumax (15.86 kg TDN / ha and 24.6 t DM / ha). 
 
Conclusions The 30F90 corn hybrid and Volumax sorghum hybrid showed the highest dry 
matter production and ideal chemical composition for high quality silage production. 
 
 

Figure 1. Model biplot for productive 
characteristics of eight corn hybrids and three 
sorghum hybrids. Principal component 1 (Factor 
1, x axis) explained 62,73 of variance and 
principal component 2 (Factor 2, y axis) 
explained 26,56% of variance. 

 
Figure 2. Model biplot for chemical 
characteristics of corn and sorghum hybrids 
plants. Principal component 1 (Factor 1, x axis) 
explained 65,61% of variance and principal 
component 2 (Factor 2, y axis) explained 20,78% 
of variance. 

 
Figure 3. Model biplot for nutritive value characteristics of corn and sorghum hybrids silage 
Principal component 1 (Factor 1, x axis) explained 66,48% of variance and principal component 2 
(Factor 2, y axis) explained 15,17% of variance. 
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Introduction Bacteriocins containing post-translationally modified amino acids such as 
dehydroalanine or dehydrobutyrine are classified as lantibiotics. Nisin is the most extensively 
studied lantibiotic produced by acid bacteria (LAB) and it is the only purified antibacterial 
peptide that has been licensed for utilization as a food preservative. In the present study, the 
bacteriocin-producing Lactococcus species isolated from silage with strong antimicrobial activity 
against undesirable microorganisms in silage were screened, and their characterization and 
application for silage preparation were examined. In order to determine their taxonomic status, 
the strains were also studied by 16S rDNA sequence analysis and DNA-DNA hybridization. 
 
Materials and Methods Forage paddy rice (Oryza sativa) at ripe stage and timothy (Phleum 
pratense) at heading stage were chopped and they were prepared using a preparation system of 
round baled silage. The bacteriocin-producing strain RO50 (Figure 1 and Figure 2) and a 
commercial inoculant Chikuso-1 (Lactobacillus plantarum), were used as additives. The 
chemical compositions of silage were determined by conventional methods. The organic acid 
contents were measured by high-performance liquid chromatography (Cai et al., 1999). 
 
Results and Discussion A LAB strain RO50 isolated from paddy rice silage was Gram-positive, 
and catalase-negative cocci that did not produce gas from glucose and formed more than 90% of 
lactate as the L(+) isomer. This strain was positioned within a cluster in the genus Lactococcus 
and this appeared to be most closely related to the type strain of Lactococcus lactis on the 
phylogenetic tree based on 16S rDNA sequence, this strain belonged to the species Lactococcus 
lactis subsp. lactis on the basis of DNA-DNA relatedness.  
Strain RO 50 produced bateriocins as two nisin family peptides which was shown to display anti-
microbial activity against a wide range of bacteria, including clostridia and bacilli. The 
inoculated silages were well preserved, and exhibited significantly (P < 0.05) reduced 
fermentation losses than their control. Strain RO50 inhibited clostridia growth more strongly 
than Chikuso-1 during silage fermentation (Table 1). 
 
Conclusions The results suggested that the bacteriocin-producing Lactococcus lactis subsp. 
lactis RO 50 is considered suitable as a potential silage inoculant. 
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Figure 1. Cell form and bacteriocin production of strain RO50. 

 

RO50-1

RO50-2
 

Figure 2. Hypothetical structure for bacteriocin produced by strain RO50.  
 
Table 1. Fermentation quality of silage

Control RO 50 Chikuso-1 Control RO 50 Chikuso-1
Dry matter (%) 33.46 35.75 34.99 25.60 27.79 27.10
ｐH 5.28 4.62 3.76 4.82 3.94 3.86
Lactic acid, %FM 0.32 0.67 1.12 0.17 1.05 1.37
Acetic acid, %FM 0.12 0.2 0.04 0.16 0.14 0.15
Propionic acid, %FM 0.03 0.00 0.00 0.10 0.00 0.00
Butyric acid, %FM 0.08 0.00 0.00 0.92 0.00 0.02
Ammonia-N
 （g/kg FM)
*, Silage stored for 352 days; **, Silage stored for 305 days；　FM, fresh matter.

Timothy silage**

0.71 0.30 0.28

Paddy rice silage*

0.43 0.31 0.17
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Should forage samples be shipped to analytical labs in plastic or paper bags to accurately 
assess mold and yeast counts? 
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Introduction Traditionally, forage samples are sent for analysis in plastic bags, recommending 
tightly packing the silage, making sure there is little air inside, and keeping the sample cool. 
Freezing is generally not recommended since it will potentially alter the amount of mold in the 
sample. Other suggestions are to double bag the sample, use insulated plastic bag, or insulated 
mailing container for mold testing, and to transport pasture samples in a paper bag. Some 
commercial forage laboratories are recommending forage samples intended for mold and yeast 
analysis be sent in paper bags along with a coolant pack to create conditions less favorable for 
additional mold and the yeast growth. The objectives of this study were: 1) to determine the 
effects of shipping forage samples in paper or plastic bags on mold and yeast levels; 2) to 
determine the effects of temperature on yeast and mold levels in samples packaged for shipping; 
and 3) to characterize actual temperature fluctuations in samples shipped during different seasons. 
 
Materials and Methods Two 2 kg samples each of corn silage and hay crop silage were 
collected from horizontal bunk silos. Samples were thoroughly mixed, divided and assigned 
randomly to treatment based on a 2 X 4 factorial design with packaging: paper or plastic and 
temperature: 35°C (simulating warm conditions), 22°C (simulating room temperature), 4°C 
(simulating cool shipping conditions or refrigeration) and -20°C (freezing) as variables. At each 
storage temperature, samples were placed in 28 x 18 x 11 cm standard brown paper bags, the top 
closed and folded down and rubber banded so the bag would not unfold. Samples were also 
placed in 15 x 20 cm 4-mil plastic bags with air removed manually and zipped closed. All 
samples were packaged in cardboard boxes to simulate shipping conditions then exposed to the 
treatment conditions for 48 hours. Frozen samples (-20°C) were moved to room temperature 
after 24 hours to simulate shipping conditions. Forage subsamples were processed immediately 
and after 48 hours to determine DM, pH and mold/yeast colony population for each forage 
sample prior to and after simulated shipping conditions. Presence of mold/yeast colonies in 
samples were estimated using the Stomacher Lab Blender technique, then serially diluted with 
buffer. From each dilution, 1.0 ml was pipetted into sterile bi-plates then 15 ml of Difco DRBC 
Agar (BD Diagnostic Systems, Sparks, MD) were added to each side of the bi-plate and gently 
agitated. Plates were allowed to solidify and stored in darkness, at room temperature (22°C) for 
5-7 days. The plates with the most distinguishable colonies were counted and multiplied by the 
dilution factor to yield the number of colony forming units per gram of sample (cfu/g). Initial 
and post-treatment mold counts were transformed using the natural log of the values and reported 
as mold score. Differences between initial and post-treatment for transformed mold data, DM 
and pH was calculated and analyzed using the MIXED procedure of SAS (version 9.1, Statistical 
Analysis Systems Institute Inc., Cary, NC). Least squares means were separated using the 
Tukey’s procedure when a significant F-test (P ≤ 0.05) was detected. To evaluate seasonal 
influences on temperature fluctuations during actual shipment of forage samples, four forage 
samples were shipped with temperature data loggers to a commercial laboratory in the spring, 
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summer, fall and winter using three shipping methods: 1) FedEx Priority; 2) US Postal Service 
Priority Mail; 3) US Postal Service Priority Mail + coolant pack.  
 
Results and Discussion Shipping samples in paper or plastic bags did not significantly improve 
accurate assessment of mold/yeast of the sample (Table 1), though plastic bags produced the 
lower increase in counts.. Forage DM increased for samples shipped in paper bags indicating the 
paper absorbed moisture from the samples.  Freezing or refrigerating forage samples 
significantly decreased mold/yeast (Table 2), while the yeast and mold counts in forages stored 
in warmer conditions increased dramatically.  Storage at greater than room temperature also 
resulted in significantly higher DM and pH after 48 hours.  Samples shipped FedEx were 
received within 16 hours and remained relatively cool. Samples shipped USPS were received 
within 3 days and samples shipped with coolant packs remained cooler for approximately 24 
hours.  Even with cooler packs, after approximately 36 h sample temperatures were close to 
ambient. 
 
Conclusions To attain lab results that most closely represent the quality of the forages on the 
farm, we recommend forage samples analyzed for mold/yeast be shipped to the analytical 
laboratory in a plastic bag, with coolant pack to reduce heating of the forage. However, the 
dramatic differences realized even under the most optimum conditions used in this study 
questions the accuracy and therefore usefulness of yeast and mold counts obtained after shipping 
silage samples to commercial laboratories. 

 
Table 1. Effect of sample packaging on mold/yeast, dry matter, and pH difference of ensiled 
forages after 48 hrs of storage to simulate shipping conditions (Difference = post-48 hours 
storage - initial) 
 Mold/Yeast Differences Differences 
Treatment x 104 Natural Log Dry Matter pH 
Paper 376.2 -0.37 11.54 0.102 
Plastic 3.8 -0.99 1.46 0.094 
SEM 230.3 0.68 1.72 0.030 
P-value - 0.504 <0.001 0.761 
 
Table 2. Effect of sample storage temperature on mold/yeast difference and dry matter 
difference of corn silage and haycrop silage after 48 hrs of storage to simulate shipping 
conditions (Difference = post-48 hours storage - initial) 
 Mold/Yeast Differences Differences 
Temperature (°C) x 104 Natural Log Dry Matter pH 
-20 -50.2 -2.68b 3.86b 0.048b 

4 -51.1 -1.42ab 2.88b 0.034b 

22 181.4 0.84a 5.47b 0.063b 

35 679.9 0.54a 13.78a 0.249a 

SEM 303.7 0.918 1.79 0.034 
P-value - 0.038 <0.001 <0.001 
a,b,c,dMeans in the same column with different superscripts differ (P<0.05) 
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Introduction Optimal silage fermentation occurs in an oxygen-free environment. More dense 
silage provides ideal conditions for rapid oxygen depletion at the start of ensiling process and 
minimizes the introduction of oxygen back into the silage mass during storage and feedout. Both 
of these benefits result in a higher quality forage. Research at the University of Wisconsin and 
Cornell identified a significant advantage for bunker silos with a density greater than 222 kg/m3 

of silage. In a 1992 study, Ruppel et al. (1995) determined that DM losses in bunker silos 
approach 17 to 20% at silage densities less than 222 kg/m3. Investigations by Holmes and Muck 
(2000) measured bunker silo densities and recorded management practices to determine that 
forage delivery rates, forage DM content, depth of silage, average packing tractor weight, 
packing layer thickness, and packing time all had considerable influence on silage density.  

This study was initiated to determine existing densities in bunker silos and drive-over piles in 
south central Pennsylvania. It was anticipated that informing producers of existing silage 
densities and recommended packing procedures would result in improvement in silage quality. In 
addition, knowledge gained would enable more confident recommendations for managing 
bunker silos and drive-over piles. 
 
Materials and Methods A Stihl, gas-operated drill and a 5.08 cm diameter core sampler were 
used to drill into the feedout face of corn silage in bunkers or piles at 12 locations. Samples were 
collected at three levels in each bunker or pile. The bottom level was approximately 1.2 m above 
the base, the top level approximately 0.5 m below the surface, and the middle level was located 
half way between. Four points were sampled at each level. Positions were numbered 1 to 4, left 
to right. Points 1 and 4 were taken within 2.4 to 3.0 m of the outside wall or edge of the pile and 
points 2 and 3 were taken at approximately 1/3 and 2/3 of the bunker or pile width. Core samples 
were weighed, depth of core collected, and moisture content determined for each position to 
determine DM densities. Data was reported in an Excel spreadsheet. Densities, by position and 
levels, were noted and an average density per bunker or pile was determined by combining the 
12 locations. The 113 bunkers or piles on 57 farms have been sampled since 2004. Bunker and 
pile filling practices were recorded. 
 
Results and Discussion Individual, level, and position DM densities ranged from 75 to 347.6 
kg/m3. Across the face the maximum DM densities were recorded at the lowest levels: bottom, 
248.3 kg/m3; middle, 219.4 kg/m3; and top, 179.4 kg/m3. By position, maximum densities were 
located at the interior of the silage mass compared to positions closer to the wall or edge: 
outside-left, 206.6 kg/m3; center-left 222.6 kg/m3; center–right 225.9 kg/m3; and outside-right 
206.6 kg/m3.  An average DM density for individual bunkers or piles was determined by 
averaging the 12 sampling locations. Average silage densities ranged from 132.9 to 269.1 kg/m3. 
Only 29% (33 of 113) of bunkers and piles sampled had DM densities greater than the target 
goal of 222 kg/m3. 
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The top 25% of the bunkers and piles sampled had an average density > 225.9 kg/m3. The second 
highest 25% of the bunkers and piles had an average DM density range of 209.8 to 224.3 kg/m3. 
The next 25% had an average DM density range of 193.8 to 208.2 kg/m3. The bottom 25% of the 
bunkers and piles had an average DM density of < 192.2 kg/m3. 
 
The DM densities for corn silage on six farms in Lancaster County over a 5-year period are 
shown in Figure 1. The top line represents the goal of 222 kg of DM/m3. Only two farms 
achieved the density goal prior to 2008. In 2008, three farms met or exceeded the goal. One farm 
that was meeting the goal had a significant decrease in DM density from 2006 to 2007. What 
caused these changes? The three farms with higher DM densities altered one or more of their 
silage management practices. The farm with the decrease in DM density also altered one or more 
its silage management practices. 
 
Conclusions The results of this study show that there is significant variability and range of DM 
densities across the silage feedout face, with the highest densities located at the bottom and at the 
interior of bunker silos and drive-over piles. Management practices during filling have a 
significant effect on final silage DM densities. Producers are generally not aware of their existing 
silage DM densities, but they are willing to alter one or more silage management practices when 
they realize that their silage DM densities are below the target density. 
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Figure 1. Comparison of DM densities on six farms in Lancaster County over a 5-year period 
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Comparison of three additive treatments on crimped grain wheat and maize silage quality 
D. R. Davies, R. Fychan, V. J. Theobald, E. L. Bakewell, and M. B. Scott  
IBERS, Aberystwyth University, Gogerddan, Aberystwyth, United Kingdom SY23 3EB; Email: 
david.davies@aber.ac.uk 
 
Introduction The objective of this study was to compare the effects of 3 treatments on either 
crimped wheat or crimped maize silage quality and aerobic stability.   
 
Materials and Methods Wheat and maize grain were harvested and crimped in separate 
experiments. The experiments evaluated the effect of applying Fireguard (Alltech UK, Stamford 
Lincolnshire, UK), a blend of potassium sorbate, sodium benzoate, L. plantarum, L. salivarius, P. 
acidilactici and enzymes, at 375 g/tonne; Crimpstore 2000S (Kelvin Cave Ltd., Langport 
Somerset, UK), a blend of organic acids and salts (formic acid, ammonium formate, propionic 
acid, benzoic acid and water) at 4 litres/tonne; or untreated (water added at 4 L/tonne). Four 
replicate silos of each treatment were ensiled in each experiment. Samples of each pre-ensiled 
grain type were collected during the mini-silo preparation period for dry matter estimation and  
analysis for nitrogen, starch, oil, NCGD and ash. Grain silages were opened after a 150-day 
ensiling period. The grain silages were weighed and samples taken for dry matter estimation and 
analysis for nitrogen, ash, NCGD, oil, starch, pH, ammonia-N, lactate and VFA’s. A further 1 kg 
sub-sample of silage from each replicate was thoroughly aerated and placed in an insulated 
vessel to assess aerobic stability by measuring the time for the sample to heat to 3°C above 
ambient temperature. 
 
Results and Discussion The results for the silage quality are shown in Table 2.  In both 
experiments the Crimpstore treated grains had a restricted fermentation with significantly lower 
lactic and acetic acid concentrations and significantly higher pH.  The Fireguard and untreated 
silages were not significantly different in fermentation characteristics.  The starch content of the 
crimped wheat was not different between treatments whereas in crimped maize the untreated 
silage had a significantly lower starch content than either of the treated silages.  With respect to 
aerobic stability as assessed by the time it took the silages to heat to 3°C above ambient, the 
additive treated grains were more stable than the untreated grains.  With crimped wheat, neither 
of the additive-treated grains heated during the experimental period of 287 h, which gave them at 
least 200 hours more storage time than the untreated grain.  With maize Crimpstore-treated grain 
was significantly more stable than the Fireguard treated grain. 
 
Conclusions The results support the findings of previous work (Rammer et al., 1999) showing 
that a combination products containing homolactic acid bacteria and yeast and mold inhibiting 
chemicals can improve silage aerobic stability while not reducing silage quality, even on very 
high value silages such as crimped grains that are likely to become increasingly important as 
livestock feeds as we move to more sustainable livestock production systems. 
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Table 1. Pre-ensiled grain chemical composition (g/kg DM unless otherwise stated) 
 Wheat  Maize 
 Mean s.d.  Mean s.d. 
Dry Matter, g/kg 671 1.8  631 2.0 
Crude Protein 124 1.5  105 0.7 
Starch 561 11.7  609 2.0 
Oil 17.4 2.67  38.7 2.05 
ME, MJ/kg DM 12.38 0.632  14.14 0.030 
Ash 20 2.0  15.1 1.21 
 
 
Table 2. Chemical analysis, in-silo dry matter recovery and aerobic stability of crimped wheat 
and maize grain silage either untreated (Untr) or treated with Fireguard (FG) or Crimpstore 
2000S (CS) (g/kg DM unless otherwise stated). 

  Wheat     Maize    
 Untr FG CS sed Sig Untr FG CS sed sig 

Dry Matter (g/kg) 663.0 a 663.6 a 668.1 b 0.71 *** 623.2 a 629.0 b 631.4 b 2.03 ** 
pH 3.85 a 3.92 a 4.05 b 0.050 ** 3.98 a 3.98 a 4.33 b 0.028 *** 
NH3-N  (g/kg N) 22.0 a 21.3 a 28.7 b 2.44 * 38.7 a 38.3 a 46.8 b 1.32 *** 
Lactate 11.5 a 12.4 a 5.6 b 0.55 *** 17.7 a 18.4 a 2.7 b 0.80 *** 
Acetate 2.4 a 2.4 a 1.1 b 0.19 *** 3.6 a 3.3 a 0.7 b 0.21 *** 
Oil 12.3 a 10.7 a 16.9 b 1.13 *** 38.8 39.4 39.4 1.03 NS 
Crude Protein 127.9 129.8 129.3 1.76 NS 109 108 108 1.0 NS 
Starch 575 591 590 6.51 NS 643 a 667 b 671 b 8.1 * 
ME (mj/kg DM) 12.96 12.92 13.27 0.132 NS 14.02 a 14.08 b 14.13 b 0.028 ** 
Ash 19.3 19.5 18.4 0.51 NS 15.0 a 15.0 a 14.2 b 0.15 *** 
           
DM recovery 979 a 980 a 984 b 0.9 *** 980 a 989 b 988 b 3.36 * 
Aerob. Stability (h)     87 

  >287     >287    36 a  80 b 114 c 4.59 *** 
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Thermotolerance of lactic acid bacteria typically contained within silage inoculants 
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Introduction Many forage inoculants consist of freeze dried bacteria that need to be rehydrated 
with water prior to application. During the harvest, rehydrated inoculants might be held for 
periods of time at ambient temperatures prior to application, and depending upon the location, 
these temperatures might exceed 38 ºC. It is well established that moderately high temperatures 
can have detrimental effects on some of the hydrated bacteria. These elevated temperatures have 
the potential to reduce the number of viable organisms in the product bottle, and thus the 
application rate of the inoculant might be less than the desired efficacious dose. Mulrooney and 
Kung (2008) reported that most inoculants were relatively stable when exposed to 30 and 35ºC 
for 3 to 6 hours, however exposure to 40 and 45 ºC resulted in marked reductions in viable cells. 
Lactobacillus plantarum was found to be the most thermotolerant of the bacteria tested. The 
purpose of the research presented here is to demonstrate the effects of temperature on the viability 
of a silage inoculant containing Lactobacillus buchneri, Lactobacillus plantarum, and 
Enterococcus faecium. 
 
Materials and Methods Pioneer® brand 11C33 whole-plant corn silage inoculant containing L. 
Buchneri (LN), L. plantarum (LP) and Enterococcus faecium (EF) (Pioneer Hi-bred Intl., 
Johnston, IA) was used for this study. Sterile 10-fold serial dilutions in phosphate buffer (0.3 mM 
KH2PO4, 0.1 % Tween 80) were spread plated on De Man, Rogosa, Sharpe (MRS) Agar (BD 
Difco, 229110) modified to contain 0.01% aniline blue dye, 0.16% tartaric acid and 0.02% 
cycloheximide and Mitis-Salivarius (MS) agar (BD Difco, 229810). Four incubation temperatures 
(30ºC, 35ºC, 40ºC, and 45ºC) were examined in this study. The water soluble inoculant was 
rehydrated with deionized water for 45 min at 30°. Three 40-mL samples of each sample were 
placed in 125-mL Erlenmeyer flasks with cotton plugs and set in an incubated orbital shaker set at 
125 rpm (Series 25, New Brunswick Scientific Co. Inc., Edison, NJ) to simulate the movement in 
the field during harvest of the rehydrated inoculant in an Appli-Pro tank applicator mounted on a 
chopper. After 6 h of incubation at the specific temperature being tested, the incubator 
temperature was reduced to 30°C for an additional 18 h without shaking.  For each flask the viable 
plate counts (VPC) were enumerated on both modified MRS and MS. Samples were collected 
from each flask at T=0, 3, 6, and 24 h and inoculated on duplicate plates of each modified MRS 
and MS agar to allow for differential enumeration of the LN, LP and EF. The VPC of each 
species were transformed to log10 scale prior to analysis. The study was repeated by two 
technicians, and the data reported is an average of all runs.  
 
Results and Discussion Total viability of the inoculants declined slightly with increased 
temperatures but the effect of temperature varied depending on the individual LAB strains 
contained within the silage inoculant. Lactobacillus plantarum and Enterococcus faecium were 
shown to be thermotolerant at all temperatures tested with an average decrease of viable 
organisms of less than 0.3 log10, which is well within the accepted variability for standard plating 
techniques (Figure 1). A decrease in VPC (greater than 0.3 log10) was observed at 45ºC for 
Lactobacillus buchneri, while no decreases in VPC were observed at temperatures below 45ºC. 
At 45ºC the average decrease for the Lactobacillus buchneri component was 0.53 log10.   
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Conclusions The data presented suggests that both the Lactobacillus plantarum and 
Enterococcus faecium are thermotolerant with no appreciable change in VPC under the conditions 
of this study. Although decreases were observed in the 45ºC treatment, the average CFU of 
Lactobacillus buchneri were 9.04x1010 cfu/ml which would result in an acceptable application 
rate of  1.0 x105 organisms per treated ton. 
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Figure 1. Effects of temperature on viable cell counts of L. Buchneri (SEM=0.072), L. 
plantarum (SEM= 0.036), and Enterococcus faecium (SEM=0.066) 
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Evaluation of yield and crop residue production of whole plant corn silage 
subjected to different cultivars and cutting heights 
 L. F. Ferraretto, F. D. Vicentini, A. S. Seki, and P.R.A. Silva 
São Paulo State University, Botucatu, São Paulo, Brazil; Email: ferraretto@wisc.edu 
  
Introduction The “stay green” phenotype was developed for a fast drying rate in grains, while 
maintaining the moisture content of the other plant fractions. However, the benefits for whole 
plant corn silage are unknown. The cutting height can influence yield, quality of whole plant 
corn silage, and also promote nutrient recycling in soil. The objective of this study was to 
evaluate corn cultivars with different “stay green” phenotypes on whole-plant corn silage yield 
and crop residue yield at different cutting heights. 
 
Materials and Methods Three hybrids (2B710, 2A525 and 2A120, Dow Agrosciences, São 
Paulo, SP, Brazil) differing in “stay green” characteristic (high, medium, and absent, 
respectively) were planted at the São Paulo State University experimental farm in 2006, at a 
planting density of 65000 seeds/ha in 0.86 m rows. The trial consisted of 6 treatments from 
interactions between these 3 hybrids and 2 cutting heights. The treatments were distributed in 
randomized completely blocks design. Whole plant corn was harvested at 0.20 and 0.40 m of 
stalk at black layer. On the same day of harvest, yield estimates were made from 4 random 
locations in the field for each treatment. Fresh and dry matter yields per hectare were calculated 
from the weight at harvest of 5 plants per plot. The crop residue dry matter yield was determined 
using a square of 0.25 m2. 
 
Results and Discussion Results showed that the high “stay green” cultivar had an increased 
whole-plant corn silage fresh yield compared with the medium (P < 0.05) and absent cultivars (P 
< 0.01); the medium cultivar also had increased yield compared with the absent cultivar (P < 
0.05) (Table 1). While the high and medium cultivars had similar dry matter yields (P > 0.05), 
the absent cultivar had decreased dry matter yield compared to the high (P < 0.01) and medium 
cultivars (P < 0.05) due to unexpected harvester problems and consequent delay. Increasing the 
cutting height from 0.20 to 0.40 m did not decrease whole-plant corn silage fresh and dry matter 
yields (P > 0.05), but showed a tendency (Table 1). However, we could see an increased crop 
residue fresh (P < 0.001) and dry matter yield at the soil (P < 0.01) from the higher cutting height, 
as shown in Figure 1. 
 
Conclusion The "stay green" phenotype was beneficial for silage dry matter yield, due to 
unexpected harvest delays; future studies focusing on digestibility are necessary to evaluate the 
real benefits of “stay green” phenotypes. Nevertheless, when there is an increase in cutting 
height, we could see an increase in crop residue cover that should be beneficial for no-till 
management. Futures studies will address the difference in the amount of nutrients in the soil due 
to the increase of crop residues. 
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Table 1. Fresh and dry matter yield from corn silages as affected by different cultivars and 
cutting heights 

 2B710 2A525 2A120 
Item 0.20 m 0.40 m 0.20 m 0.40 m 0.20 m 0.40 m 
Fresh 
(t/ha) 

43.03±4.09a 39.68±3.69a 30.51±3.63b 28.14±3.47b 16.00±2.87c 14.35±2.69c

DM 
(t/ha) 

16.22±1.54a 14.93±1.39a 13.41±1.59a 12.37±1.52a 7.72±1.39b 6.93±1.29b 

a,b,c Means in rows with unlike superscripts differ (P < 0.05). 
  

 
Figure 1. Crop residue dry matter yield at two different cutting heights. 
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Grass silage quality from big bales wrapped with either  
standard or pre-stretched film 
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IBERS, Aberystwyth University, Gogerddan, Aberystwyth, SY23 3EB UK; Email: 
rhun.fychan@aber.ac.uk 
 
Introduction  Increasing the number of film layers applied to baled silage improves silage quality, 
but this goes against environmental requirements to reduce plastic usage and waste. Using a 
thinner pre-stretched film may cut down on plastic usage and associated cost. Pre-stetched film 
has also been found to exhibited a lower CO2 permeation coefficient than standard film (Laffin et 
al 2005) which may improve silage quaility. The objective of this study was to compare grass 
silage quality when bales were wrapped with either 4 or 6 layers of either standard 25µm or pre-
stretched 17µm film wrap.   

Materials and Method Sixty-four round bales (1.2m diameter) were prepared from three fields 
of a second cut hybrid ryegrass sward, wilted for 24 hours. Bales were taken to the storage area 
before being film-wrapped in either 4 or 6 layers of light green Silotite 25µm (S) or Silotite Pro 
17µm (P) (bpi.agri, Leominster, Hereford, UK) using a Vicon BW1800 wrapper (Kverneland 
Group UK Ltd., St. Helens, Merseyside, UK).  Bales were stored on sand in a single layer at 
1.6m centres, within a steel frame covered with a net for protection. After 160 days storage, bales 
were assessed for effectiveness of film seal by measuring the time taken for the vacuum to drop 
from 200Kpa to 150 Kpa. Silage cores were then taken to a depth of 300mm from the top and 
bottom of each bale to assess silage chemical composition and aerobic stability. 

Results and Discussion Film seal was significantly better with the pre-stretched film than the 
standard film when four layers were applied but not at six layers. There was no difference in film 
seal between four layers of pre-stretched or six layers of standard film. In field 2 where silage dry 
matter was lower than 400g/kg, six layers of film significantly improved aerobic stability when 
compared with four layer of film. No significant differnces were observed in silage chemical 
analysis between the prestretched film and standard film treeatments (see Table 1). 
 
Conclusions The results of this experiment indicate that pre-stretched film had no detrimental 
effects on the silage assessments made when compared to the standard thicker film. There was no 
difference in film seal between four layers of pre-stretched and six layers of standard film. Using 
pre-stretched film in silage production could reduce the use of petrochemicals and thus the 
environmental impact of baled silage in the future. Pre-stretched film needs further assessment 
under farm conditions where bales are field-wrapped before moving to the storage site. 
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Figure 1.  
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Table 1. Chemical composition of the silages after a 160 day ensiling period (g/kg DM unless 
otherwise stated) 

 Field 1 Field 2 Field 3     
 P S P S P S     
 4 6 4 6 4 6 4 6 4 6 4 6 sed Field Layer F*L 
DM(g/kg)  498 541 489 549 354 357 349 356 477 504 476 483 16.6 *** * * 
pH 5.80 6.02 5.70 6.02 4.85 4.87 4.84 4.82 5.99 5.78 5.97 5.95 0.137 *** NS * 
Nitrogen 29.8 30.7 30.3 31.1 30.8 29.2 29.4 28.5 28.2 26.4 29.3 27.7 1.11 * NS * 
Ethanol  27.8 15.1 22.1 17.9 6.2 7.1 7.9 7.2 40.0 32.7 30.6 36.6 0.11¥ *** NS NS 
NH3 N ¶  85.8 81.5 95.1 78.4 144.9 141.0 156.1 140.9 88.8 85.9 88.9 90.8 7.74 *** NS NS 
Acetate  3.7 4.4 4.6 3.1 11.0 10.6 10.9 10.2 2.5 2.4 2.9 2.8 0.09¥ *** NS NS 
Propionate 0.5 0.4 0.3 0.2 3.1 3.8 2.5 2.0 0.2 0.2 0.2 0.4 0.23¥ * NS NS 

NS, not significant; *, P ≤ 0.05; **, P < 0.01; ***, P < 0.001;  ¶, g/kg N;  ¥, data analysed on 
log10 scale 
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Grass silage quality from big bales wrapped with either white or black film 
R. Fychan, R. Sanderson, V. J. Theobald, E. L. Bakewell, and D. R. Davies 
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Introduction Four layers of black film are commonly used to wrap silage bales in the UK 
whereas 6 layers of white film are typically used during silage production in continental Europe. 
In Sweden, Möller et al (1999) found that the temperature was 20oC higher on the surface of 
black compared to white covered bales. As high temperatures can lead to a high permeation of 
gasses through the film, they may have a detrimental effect on silage quality. The objective of 
this study was to compare grass silage quality when bales were wrapped with either 4 or 6 layers 
of either black or white 25µm film wrap and stored under UK conditions. 
 
Materials and Methods A first cut hybrid ryegrass sward was mown and baled after a 24-h wilt. 
Sixteen bales were allocated to 1 of 4 treatments: 4 layers white film, 6 layers white film, 4 
layers black film, and 6 layers black film. Film was applied using a single spool of a Vicon BW 
1850 twin satellite wrapper (Kverneland Group UK Ltd., St. Helens, Merseyside, UK). Bales 
were stored in a single layer at 1.6m centers on sand within a steel frame and covered by a net 
for protection. Temperature recorders were placed to a depth of 100 mm below the film surface 
at the top of each bale and the temperature was recorded hourly during storage. After 170 days, 
the film seal (by measuring the time taken for the vacuum to drop from 200Kpa to 150 Kpa) and 
the visible mound on each bale was determined. Bales were then core sampled to a depth of 300 
mm, from the top and bottom of each bale, and the silage dry matter recovery, chemical 
composition and aerobic stability was determined. 
 
Results and Discussion At ensiling, the grass had wilted to a DM of 332 g/kg (s.d 34.7) and had 
a WSC content of 201 g/kg DM (s.d. 11.4) and an NDF content of 549 g/kg DM (s.d. 11.7). 
Temperatures with the black film wrapped bales were significantly higher at 12 noon than in the 
white film wrapped bales (Fig. 1). Results showed that six layers of film provided a significantly 
better film seal than four layers of film (see Table 1), which in turn significantly reduced visible 

mold cover and the ethanol content of 
the silage. The NDF content of the 4-
layer treatment was significantly 
higher than the 6-layer treatment. A 
better film seal in the 6-layered 
treatment resulted in a significant 
improvement in the stability of the 
silage when exposed to air, possibly 
due to less mold being present. Film 
seal was significantly better in the 
white film wrapped bales than in the 
black film wrapped bales. It is 
possible that this may have been due 
to the reduced fluctuations in 
temperature within the white film 
wrapped bales, leading to a reduction 

in the movement of air in and out of the bales during storage. The black film wrapped silage was 

10

15

20

25

30

0 7 14 21 28

Te
m

pe
ra

tu
re

  o C

Days after ensiling

Black Film White Film Max Air Temp

Figure 1. Temperature inside black and white wrapped 
bales at 12 noon.    
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significantly more stable when exposed to air than the white film wrapped silage. The bales 
wrapped with black film had a temperature closer to the optimum for growth of lactic acid 
bacteria, which could have resulted in a faster fermentation and which could have resulted in a 
reduced yeast activity in these bales and hence better aerobic stability. 
 
Conclusions The results of this experiment showed that 6 layers of wrap provide a better barrier 
than 4 layers of wrap and thus will produce silage of better quality, which is more stable with 
less visible mold. However, the results agree with the work of Forristal et al (1999), which 
showed no difference in silage quality between black or white film wrapped bales.  
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Table 1. Chemical composition, dry matter recovery, visible mold cover and aerobic stability of 
the silages, and effectiveness of the film seal after a 170-day ensiling period (g/kg DM unless 
otherwise stated) 
 4 layers 6 layers    
 Black White Black White sed Colour Layers 
Dry Matter (g/kg) 316 323 318 323 13.6 NS NS 
pH 4.06 4.05 4.06 4.05 0.029 NS NS 
NH3-N (g/kg N) 116 114 114 121 5.1 NS NS 
Nitrogen 20.2 19.6 19.6 19.3 0.65 NS NS 
NDF 590 590 586 586 2.85 NS * 
WSC 111 102 107 108 6.5 NS NS 
ME (MJ/kg DM) 10.58 10.58 10.64 10.70 0.095 NS NS 
Ethanol 23.1 25.3 19.5 17.0 1.99 NS *** 
Lactate 63.3 64.5 66.4 65.3 3.07 NS NS 
Acetate 0.76 0.79 0.79 0.80 0.030 NS NS 
Butyrate 6.71 4.04 6.43 5.42 0.841 ** NS 
        
Film Seal (sec) 73.0 81.2 115.4 192.7 0.096 * *** 
Mold Cover (%) 0.22 0.28 0.04 0.09 0.143 NS *** 
DM recovery  948 970 945 958 40.5 NS NS 
Stability (hours) 121.3 99.8 165.2 133.3 18.92 * ** 

NS, not significant; *, P ≤ 0.05; **, P < 0.01; ***, P < 0.001.  
No Color x Layer interactions were observed. 
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Effect of the addition of a cysteine-endopeptidase inhibitor on proteolysis in alfalfa silage 
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Italy, 2Dip. Agronomia, Selvicoltura e Gestione del Territorio, Università degli Studi di Torino, 
Via Leonardo da Vinci, 44, 10095 Grugliasco, Italy; E-mail: laura.cavallarin@ispa.cnr.it  
 
Introduction There is still a lack of knowledge on the processes that underly proteolysis during 
ensiling of forage legumes. Previous studies (Wetherall et al., 1995) reported that a cysteine-
endopeptidase inhibitor reduced protein degradation in perennial ryegrass. Two dimensional 
electrophoresis is the most common technique for the separation of complex protein mixtures. It 
couples isoelectrofocusing (IEF) in the horizontal dimension with sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS-PAGE) in the vertical dimension, thus allowing the 
separation of proteins according to isoelectric point (pI) and molecular weight (O’Farrell, 1975). 
The aim of the study was to understand whether cysteine-endopeptidases play a role in the 
proteolytic processes during ensiling of low dry matter of alfalfa. 
  
Materials and Methods Alfalfa was harvested at an early stage, field wilted at a DM content of 
around 30% and ensiled in 100 ml plastic microsilos. Three levels of E64 cysteine-
endopeptidases protease inhibitor addition were studied: no additive (C), 90 mg E64/kg DM (E1) 
and 180 mg E64/kg DM (E2). An inoculation treatment with homolactic lactic acid bacteria (L) 
was also performed at a rate of 1 x 106  CFU/g FM. The silos were opened after 24, 72 and 120 
hours, and 120 days (4m) of conservation, for each treatment. Herbage and silage were 
immediately frozen after sampling, freeze-dried, and ground in liquid N2. The resulting powders 
were used for protein extraction according to Rabilloud (1998). Total Extractable Protein (TEP) 
was assessed using a 2D Quant kit (GE Healthcare). IEF was carried out with 110 µg protein 
using 7 cm-long Ready strips (Biorad), pH interval 3-10 Non Linear, until 16 kVhr. Strips were 
then equilibrated twice, at first with 1% DTT, then with 2.5% iodoacetamide. SDS-PAGE was 
performed on 10% acrylamide gels, using a Mini Protean II apparatus (Biorad), following 
Laemmli protocol (1970). Gels were stained with Coomassie Blue G-250 (Candiano et al., 2004), 
scanned at 300 dpi on a Umax Scanner (Pharmacia) and analyzed with PD Quest Software 
(Biorad). Three replicate gels were run and scanned for each treatment and a master image was 
obtained from the three replicates. TEP (mg protein/g DM), the mean number of spots detected 
in gel image (loading 110 µg of proteins), and the percent of appearing/disappearing spots (A/D) 
in the treated vs. control gel were measured to compare the master images obtained from the 
different treatments. The A/D parameter indicates the degree of variation in protein composition 
of treated samples, when compared to a control sample. 
 
Results and Discussion All the silages fermented well with a typical lactic acid fermentation 
pattern and no butyric acid was detected in any treatment (data not shown). After 24h of 
conservation, the silos added with E64 had a significantly higher protein content, in comparison 
to the C and L silos. After 4 months of conservation, the E1 and E2 treatments did not differ from 
the C and L treatments, in terms of TEP and total spot number (Table 1), while the greatest 
differences in the represented protein spots were found in the 72h and 120h images (Figure 1). 
The silages conserved over 72h also displayed a difference in TEP between E1 and E2 treatments 
and C (Table 1). E1 and E2 had a similar effect on protein regulation, at least for the first 120h 
(100%, 80% and 75% of homology in D/A spots after 24, 72 and 120h of ensiling, respectively), 
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while after 4 months the differences increased (60% homology) (data not shown). Almost 77 % of 
the spots from control silages has a quantity fold-change of at least 4 after 72h of conservation, 
but this percentage decreased to 68% for the LAB treated silos, and to 40% for the E64 treated 
ones, showing the proteolysis inhibitor effect of E64, at least for the first days of conservation 
(data not shown). The boxed areas of the gels display differences in the protein pattern between 
treatments, and proteins contained in those spots will be subjected to mass spectrometry in order 
to identify them. The octagonal boxes probably contain Rubisco large chain, which seems to be 
less susceptible to degradation in E64 treated samples. On the contrary, the square and oval boxed 
areas seem to be inhibited by the E64 treatments, but are detectable in fresh cut alfalfa (NE, Not 
Ensiled), and could possibly be identified with proteases of interest (Figure 1). 
 
Conclusion The results seem to suggest that cystein peptidases play a role in the proteolytic 
process during alfalfa ensiling, and identification of differentially expressed proteins is needed to 
better characterize the proteases involved in the process. 
 
Table 1. Total Extractable Proteins (TEP) (mg/g DM); mean number of total spots detected 
(Spot) (per 110 µg of loaded proteins); percent of spots appearing/disappearing in gels from 
treated samples (Spot A/D), at different conservation times 

  24h  72h 120h  4m 

Treatment TEP Spot  
% 

Spot 
A/D 

 
TEP Spot 

% 
Spot 
A/D 

TEP Spot 
% 

Spot 
A/D 

 
TEP Spot 

% 
Spot 
A/D 

C 1,44a 262 -  1,15a 226 - 0,27a 137 -  0,62 137 - 
L 3,57b 269 11,3  0,95a 303 31,8 0,86a 199 88,1  0,51 107 45,9 
E1 6,34c 222 52,5  4,48b 207 43,4 1,98b 201 80,5  0,36 133 44,4 
E2 6,70c 210 45,3  3,64b 205 43,6 0,38a 168 75,4  0,26 150 28,6 

a,b,c Means in the same column with different superscripts differ (P ≤ 0.05) 
 
 

 

Figure 1. Gel images 
obtained from 110 µg 
of loaded proteins. 
Boxes of different 
shapes indicate spots 
of interest displaying 
differential expression 
among the treatments. 
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Harvest management effects on crude protein, protein fractions, fiber and yield  
of dairy-quality red clover conserved as silage 
J. H. Grabber 
USDA-ARS, U.S. Dairy Forage Research Center, Madison, Wisconsin 53706, U.S.A.; 
Email: John.Grabber@ars.usda.gov 
 
Introduction With adequate soil moisture, dry matter (DM) yields of red clover (Trifolium 
pratense L.) can equal or exceed alfalfa (Medicago sativa L.) in many temperate regions. Red 
clover also has superior fiber digestibility and greater rumen undegradable protein (RUP) than 
alfalfa, but milk yields from cattle fed red clover diets are usually below expectations. Coupling 
of o-quinones to amino acid, responsible for low proteolysis in red clover, increases fecal 
nitrogen excretion, suggesting that intestinal amino acid absorption might be depressed. Poor 
performance with red clover might also occur because excessive RUP leaves insufficient rumen 
degradable protein (RDP) for the synthesis of rumen microbial proteins, a vital source of dietary 
protein for cattle. This study examined how harvest management influences DM yields, crude 
protein (CP), RDP, RUP, and fiber in “dairy quality” red clover during the first full production 
year.  
 
Materials and Methods In 2003 and 2006, red clover was cut early on 7 June or late on 14 June 
with two approximate 40 d regrowth cuts. For comparison, alfalfa was cut early on 26 May with 
three approximate 32 d regrowth cuts, or late using the same schedule as early-cut red clover. 
Herbage was ensiled at 370 g/kg DM and analyzed according to the Cornell Net Carbohydrate 
and Protein System. RDP and RUP were calculated using typical digestion rate constants for 
protein fractions and a ruminal passage rate of 6%/h. 
 
Results and Discussion The early harvest schedule improved the seasonal distribution of yield, 
favorably decreased fiber and RUP, and increased CP and RDP in the first two cuts of red clover 
(Table 1). Regression analyses indicated that desirable levels of RDP (>150 g/kg DM) and 
neutral detergent fiber (NDF~400 g/kg DM) could be obtained by harvesting red clover at a 
mean stage weight maturity of 2.0 at first cut, 3.0 at second cut, and 3.5 to 4.0 at third cut (Figure 
1). Total DM yields of red clover and alfalfa during the first production year were not influenced 
by harvest schedule, but they were affected by time of seeding; April vs. August seeding 
depressed red clover yields (12.3 vs. 13.1 Mg/ha) but enhanced alfalfa yields (12.5 vs. 11.9 
Mg/ha). Averaged across harvest schedules and cuttings, red clover and alfalfa had similar NDF, 
but red clover had lower acid detergent fiber, CP, and RDP and higher RUP than alfalfa (Table 
2). Overall, species had a greater impact on protein quality parameters than harvest schedule.  
 
Conclusions These results suggest that a first cutting taken at a late vegetative growth stage 
followed by regrowth cuttings taken at progressively later growth stages might be an effective 
strategy for producing red clover with a desirable concentration of NDF (NDF~400 g/kg DM) 
and a reasonably high concentration of RDP (>150 g/kg DM). Based on limited data, early 
cutting of red clover improved the seasonal distribution of yield without sacrificing total DM 
yields, but this must be confirmed with additional long-term studies in other growth 
environments. Even with early cutting, RDP in red clover was much lower than a relatively 
mature alfalfa, thus rumen microbial protein synthesis in cattle fed red clover diets might still be 
impaired unless RDP supplements are fed.  
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Table 1. Mean stage weight (MSW), dry matter (DM) yield (Mg/ha), and concentrations (g/kg 
DM) of neutral detergent fiber (NDF), acid detergent fiber (ADF), crude protein (CP), rumen 
degradable protein (RDP), and rumen undegradable protein (RUP) in early or late cut red clover 
silage 

 Cut 1 
Early 

 
  Late 

Cut 2 
Early 

 
 Late 

Cut 3 
Early 

 
Late 

Cut 
(C) 

Time 
(T) 

 
C X T 

MSW 2.17c 2.76b 1.94c 3.19a 3.48a 1.43d NS NS *** 
Yield 6.46b 7.19a 3.36c 3.47c 2.72d 2.15e *** NS *** 
NDF 380b 426a 381b 416a 419a 369b NS NS *** 
ADF 280b 311a 269b 301a 281b 230c *** NS *** 
CP 205d 181f 236b 198e 216c 248a ***   *** *** 
RDP 159c 134c 169b 142d 156c 182a ***   *** *** 
RUP 46d 48d 67a 55c 61b 66a *** NS *** 
NS, not significant; *, P ≤ 0.05; **, P ≤ 0.01; ***, P ≤ 0.001. Means with unlike letters differ (P ≤ 0.05). 
 
 
Table 2. Average mean stage weight (MSW), total dry matter (DM) yield (Mg/ha), and average 
concentrations (g/kg DM) of neutral detergent fiber (NDF), acid detergent fiber (ADF), crude 
protein (CP), rumen degradable protein (RDP), and rumen undegradable protein (RUP) in early 
or late cut red clover and alfalfa 

 Red clover 
Early 

 
Late 

Alfalfa 
Early 

 
Late 

 
Species (S)

 
Time (T) 

 
  S X T 

MSW 2.41c 2.65b 2.61b 3.78a *** *** *** 
Yield 12.5 12.8 12.1 12.4 NS NS NS 
NDF 394c 414b 379d 440a NS *** *** 
ADF 280d 296b 288c 344a *** *** *** 
CP 214b 196c 241a 210b *** *** *** 
RDP 159c 143d 209a 179b *** *** *** 
RUP 55a 53b 32c 32c *** ** * 
NS, not significant; *, P ≤ 0.05; **, P ≤ 0.01; ***, P ≤ 0.001. Means with unlike letters differ (P ≤ 0.05). 
 
 

 
 
Figure 1. Neutral detergent fiber, rumen degradable protein, and rumen undegradable protein vs. 
mean stage weight of red clover. Displayed regressions were significant at P ≤ 0.05.  
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Modeling emissions of volatile organic compounds from silage 
S. D. Hafner1, F. Montes1, and C. A. Rotz1 
1USDA-ARS, Pasture Systems and Watershed Management Research Unit, University Park, 
Pennsylvania 16802, U.S.A.; Email: sasha.hafner@ars.usda.gov 
 
Introduction Photochemical smog is a significant cause of premature death in the U.S. (NRC 
2008). Smog forms in the presence of volatile organic compounds (VOC), which are emitted 
primarily from industry and motor vehicles in the U.S. However, dairy farms may be an 
important source in some areas. Reported fluxes of VOC from silage are much higher than from 
other dairy farm sources (Schmidt, 2006). The goal of this work was to develop a process-based 
model of VOC emissions from silage and silage-containing feeds. Ultimately, this model will be 
used to estimate emissions, direct experimental design, and evaluate mitigation strategies. 
 
Materials and Methods Alcohols, organic acids, and other VOC are generated by anaerobic 
bacteria during the fermentation stage of silage production. Within silage, VOC may move by 
diffusion and advection, and emission of VOC from an exposed surface then takes place by 
convection. Two models were developed, for advective flow and combined convection and 
diffusion. In both models, VOC partitioning between aqueous and gas phases was based on 
Henry’s law. Advective flow of silage gas, driven by pressure gradients and gravity, was based 
on Darcy’s law. Silage permeability, porosity, and diffusivity were modeled as functions of bulk 
density and dry matter content. For the convection-diffusion model, VOC removal from the 
surface was assumed to be dependent on air velocity, and air flow was assumed to be laminar. 
Diffusion of VOC through both aqueous and gas phases was based on Fick’s law. Simulations 
were carried out for ethanol and acetic acid (both important silage VOC) with a range of 
parameter values. For “typical” corn silage, parameters were: 250 kg/m3 dry density, 1.8% acetic 
acid content, 1.0% ethanol content, 35% dry matter content, 2 m/s air velocity, and 20°C 
temperature. 
  
Results and Discussion Predicted emissions by convection and diffusion were much greater 
than by advection; annual ethanol emissions were 3.4 to 13.5 kg/m2 and 0.0 to 0.6 kg/m2, 
respectively. Predicted VOC flux declined over time as surface concentrations were depleted. 
This created a strong effect of exposure time where the magnitude of the decline was dependent 
on model parameters (Figure 1). Despite higher concentrations in silage, acetic acid was 
predicted to have lower emission rates than ethanol, due to lower volatility. All model 
parameters influenced emissions, and strong interactions existed between parameters. For 
example, air velocity increased emissions but with different effects on ethanol and acetic acid 
due to differences in volatility (Figure 2A). Since volatility increases with temperature, an 
increase in temperature increased emissions (Figure 2B).  
 
Conclusions Combined convection and diffusion of VOC is more important than advection in 
representing VOC emissions from silage. Exposure duration, air velocity, temperature, and silage 
and VOC characteristics all influence VOC emissions from silage, and measurement approaches 
should take this into account. The commonly-used emission isolation flux chamber (Klenbusch 
1986), which was designed for diffusion-limited emissions, is not suitable for measuring VOC 
emissions from silage, since emissions are generally convection-limited. 
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Figure 1. Predicted emission rates (A) and cumulative emissions (B) of ethanol and acetic acid 
from a “typical” corn silage via the convection-diffusion model. 
 
 

 
 
Figure 2. Effects of air velocity (A) and temperature (B) on 24-hr cumulative emissions of 
ethanol and acetic acid as predicted by the convection-diffusion model. Lines are as defined in 
Figure 1. 
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Effects of lactic acid bacteria and cellulase on the ensiling characteristics of corn silages 
Z. Yu1, L. Y. Han1, Y. Cai2, and Q. Z. Sun3 
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Introduction Ensiling is a main method of preserving forages. A rapid drop in pH during 
ensiling and increase in the concentrations of non-dissociated organic acids will inhibit the 
growth of microorganisms that causes silage spoilage. Adding lactic acid bacteria to ensiled 
forages ensures the presence of enough lactic acid bacteria to cause a rapid reduction in pH, 
which may contribute to eliminating undesirable fermentation (Kung et al., 2003). The objective 
of this research was to study the effect of microbial additives on fermentation characteristics. 
 
Materials and Methods Whole-plant corn at milk stage was chopped into approximately 2 cm 
lengths and mixed completely with LAB (Lactobacillus>6×1010 cfu/g, Pediococcus>2×1010 
cfu/g) (0.01 g/kg), enzyme (cellulases from Acremonium and Trichoderma sp. were mixed 1:2 to 
form a hybrid product) (0.033 g/kg), lactobacillus and enzyme (0.01 g/kg + 0.033 g/kg). 
Immediately after treatment, amounts (200 g) of treated material were packed into polyethylene 
bags, which were vacuum sealed and then stored in the laboratory at ambient temperature. 
Silages were analyzed for fermentation quality after 1, 3, 5, 15 and 45 days.  
 
Results and Discussion There was a rapid decline in pH during the first 3 days of ensiling with 
no significant decline after day 5 for all treatments (Figure 1). Treated silage did not have lower 
(P < 0.05) pH than untreated silage at any time post-ensiling. The pH values of all silages were 
below 4 at day 3 suggesting that silages were well fermented. The concentration of lactic acid 
increased (P < 0.05) between days 1 and 3 post-ensiling for CF and between days 1 and 5 post-
ensiling for other silages. The concentration of lactic acid increased (P < 0.05) between days 15 
to 45 post-ensiling for all silages. Lactic acid concentration was higher (P < 0.05) for treated 
silages than untreated silages at all ensiling periods. Acetic acid concentration increased steadily 
between days 1 and 15 post-ensiling for all silages and increased (P < 0.05) between days 15 and 
45 post-ensiling. There was no significant difference between treated silages and untreated 
silages on any day. The concentration of ammonia nitrogen increased sharply for all silages from 
day 1 post-ensiling to day 5 post-ensiling, but little change occurred after days 15 post-ensiling. 
There was a sharp decline in water soluble carbohydrates (WSC) concentration for all silages up 
to 5 days post-ensiling, with minimal changes after 15 days post-ensiling. The WSC 
concentration of CF silages was higher (P < 0.05) than other silages between days 15 and 45 
post-ensiling. 
 
Conclusion Adding additives or not caused a rapid decline in pH during the early stage of 
ensiling as a result of increased lactic acid concentration, but additives had a more significant 
effect on lactic acid production. In addition, adding cellulase increased water soluble 
carbohydrates more than other silages.  
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Figure 1. Changes in pH, lactic acid, acetic acid, ammonia nitrogen, and water soluble 
carbohydrates (WSC) during ensiling corn silage treated with lactic acid bacteria (LF), cellulase 
(CF) and lactic acid bacteria + cellulase (LF+CF) or untreated (CK). 
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The effect of Lactobacillus buchneri PTA6138 on the fermentation and  
aerobic stability of corn silage 
W. Hu, M. C. Santos, G. B. Muraro, M. C. DerBedrosian, and L. Kung, Jr. 
Department of Animal and Food Sciences, University of Delaware, Newark 19716, United 
States; Email WHU@udel.edu 

 
Introduction Lactobacillus buchneri, a heterofermentative lactic acid bacterium, is able to 
convert lactic to acetic acid anaerobically. Acetic acid has good antifungal properties and thus 
increases aerobic stability after silo opening. Many studies have shown that inoculation with L. 
buchneri reduces yeast numbers and improves the stability of silages when they are exposed to 
air (Kleinschmit and Kung, 2006). Recently, a novel strain of L. buchneri PTA6138 (LB) has 
been identified that also produces ferulic acid esterase (Nsereko et al., 2008). Kang et al. (2009) 
reported that ensiling corn silage with LB at the rate of 1.0 x 105 cfu/g fresh forage modified the 
fermentation and increased aerobic stability of a corn silage, but did not affect fermentation and 
decreased stability of the second silage. The objective of the current study was to evaluate further 
the effect of this inoculant on fermentation and aerobic stability of corn silage. The effect of 
varying doses of the inoculant was also compared. 

 
Materials and Methods Whole-plant corn (Pioneer 33A88) at 29.4% of DM was harvested and 
ensiled in quadruplicate 20 L laboratory silos. The chopped forage was used in a completely 
randomized design with treatments: untreated forage (U); and forage treated by inoculants 
11CFT (Pioneer Hi-Bred International, Inc., Johnston, IA) with application rates of LB being 1 × 
105 (LB1), 5 × 105 (LB5), and 10 × 105 (LB10) cfu/g of fresh forage. After 150 d of ensiling, 
silage samples were analyzed for pH, chemical and microbial compositions and fermentation end 
products. The aerobic stability of corn silage was also determined. Aerobic stability was defined 
as the amount of time (number of h) after silo opening for the silage temperature to increase by 
2oC above ambient. Data were analyzed with the GLM procedure of SAS (2004), and several 
contrasts were constructed to compare treatment effects. Significance was defined as P ≤ 0.05.  
 
Results and Discussion Results are reported in Table 1. pH decreased in silages inoculated with 
LB (P = 0.03), compared with the untreated silage. The concentration of residual water-soluble 
carbohydrates (WSC) decreased linearly (P < 0.01) with increasing application rate of LB. Silage 
treated with LB had lower concentrations of NH3-N compared with the untreated silage (P < 
0.01), but no dose response was observed. The concentration of lactic acid tended to decrease 
with the inoculation of LB (P = 0.07) compared with the untreated silage. In contrast, the 
concentration of acetic acid increased linearly (P < 0.01) with increasing application rate of LB, 
but no difference was observed between LB1 and the untreated silage. Production of 1,2-
propanediol is a common finding in silage treated with LB. Small amounts of 1,2-propanediol 
were found only in silages treated with LB5 and LB10. Inoculation with LB did not affect the 
production of ethanol in silages regardless of the application rate. As expected, the number of 
lactic acid bacteria (LAB) increased linearly (P < 0.01) when application rate of LB increased. 
However, the number of yeast decreased linearly (P < 0.01) with increasing application rate of 
LB, while the yeast count in silage treated with LB1 remained unchanged compared with the 
untreated silage. Increased aerobic stability was observed only in silages with high doses of LB 
(i.e., LB5 and LB10), corresponding well with the yeast count findings . 
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Conclusions Corn silage treated with LB, when applied at 1 × 105 cfu/g, appeared to exert little 
effect on fermentation, and did not improve aerobic stability of corn silage; but when applied at 5 
× 105 cfu/g or more, gave rise to higher concentrations of acetic acid, lower numbers of yeast, 
and improved aerobic stability compared with untreated silage.  
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Table 1. Chemical (DM basis) and microbial composition (wet basis), and aerobic stability of 
corn silage ensiled for 150 d 
                Contrast1 (P) 
  U LB1 LB5 LB10   SE   A B C D 
pH 3.58 3.51 3.50 3.56  0.04  0.98 0.01 0.03 0.03 
Lactic acid, % 9.16 7.96 8.25 7.55  1.08  0.13 0.85 0.07 0.14 
Acetic acid, % 1.70 1.70 2.22 2.19  0.23  <0.01 0.07 0.03 0.99 
1,2-propanediol, % 0.00 0.00 0.55 0.80  0.05  <0.01 <0.01 <0.01 1.00 
Ethanol, % 2.83 2.46 2.67 2.51  0.42  0.57 0.98 0.27 0.24 
WSC, % 2.44 2.04 1.86 1.36  0.31  <0.01 0.82 <0.01 0.10 
NH3-N, % 0.12 0.09 0.09 0.09  0.01  0.03 0.03 <0.01 <0.01 
LAB, Log10 cfu/g 6.05 7.23 7.96 8.10  0.12  <0.01 <0.01 <0.01 <0.01 
Yeast, Log10 cfu/g 3.38 3.28 2.40 2.00  0.31  <0.01 0.16 <0.01 0.64 
Aerobic stability, h 47 49 65 69   6   <0.01 0.12 <0.01 0.77 

1A = linear effect of LB; B = quadratic effect of LB; C = untreated vs. inoculation of LB; 
D = untreated vs. LB applied at 1 x 105 cfu/g of fresh forage. 
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Introduction Additives in high dry matter (DM) silages are used to suppress the detrimental 
effects of yeasts and molds, and, thus, to improve the hygienic quality and aerobic stability of 
silage. Efficacy of lactic acid bacteria (LAB)-based additives depends on availability of moisture 
and fermentable nutrients in the forage. Hence, LAB treatment efficacy is more dependent on 
ensiling conditions than chemical preservatives. Effects of inoculants and chemical preservatives 
on the fermentation quality and aerobic stability of high DM grass silages were studied. 
  
Materials and Methods A Timothy-Meadow fescue sward with (in DM) 9.2% water soluble 
carbohydrates (WSC), 15.0% CP, 59.0% NDF was cut with a mower conditioner. After wilting to 
DM concentrations of 50% (DM1) or 60% (DM2), grass was picked up with a round baler to 
simulate the processing that occurs during typical production of high DM silage. Grass was 
immediately removed from the baler and ensiled in triplicate cylindrical (12 dm3) pilot scale silos 
with or without additive treatment. Additives were propionic acid (43%) + ammonium propionate 
(27%), 8 l/t (PA) (Kemira Oyj), propionic acid (43%) + ammonium propionate (27%) + 
potassium sorbate (2.5%), 8 l/t (PA+PS), Lactobacillus rhamnosus LC705 (DSM7061)+ 
Propionibacterium freudenreichii ssp. shermanii JS (DSM7067), 106 cfu/g (LR+PF) (Valio Oy), 
L. plantarum (VTT E-78076), 106 cfu/g (LP) (Kemira Oyj), L. plantarum + L. buchneri VTT E-
93445 (DSM20057), 106 cfu/g (LP+LB). After 118 days silos were opened and silages were 
analyzed for aerobic stability and fermentation quality. Aerobic stability data are presented as a 
cumulative temperature difference (sample temperature minus ambient temperature). 
 
Results and Discussion Inoculants stimulated lactic acid fermentation resulting in lower mean 
pH value than in untreated or propionic acid-treated silages at both DM concentrations (Table 1). 
In DM2 silage, residual WSC concentration and pH were higher and lactic acid concentration 
lower in all silages as compared to DM1 silage. Nevertheless, the L. plantarum and the 
combination of L. plantarum and L. buchneri were able to produce relatively high amounts of 
lactic acid even in DM2 silage. Formation of volatile fatty acids and ammonia was limited in all 
silages. Only traces of butyric acid were observed. High propionic acid and ammonia N 
concentrations in the PA and PA+PS silages reflect the amounts of propionic acid and N added 
with the additives. Aerobic stability was better in DM1 than in DM2 silages and better in the 
additive treated than in untreated silage (Figure 1). Propionic acid based additives and a 
combination of L. plantarum and L. buchneri were the most effective in improving aerobic 
stability. Addition of potassium sorbate to PA did not affect fermentation or aerobic stability. 
 
Conclusions The fermentation and aerobic stability of high DM silages was affected by wilting 
intensity and additives, and additives were even more useful at the higher DM concentration. 
Inoculants were able to maintain lactic acid fermentation and thus decrease pH and modify the 
lactic acid/residual sugar -ratio. However, only the combination of L. plantarum and L. buchneri 
was as efficient as buffered propionic acid based additives in preventing silage heating. 
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Table 1. Fermentation quality (% of DM) of silages harvested at 50 (DM1) or 60 % (DM2) DM. 

 DM,  
% pH WSC Lactic 

acid 
Acetic 

acid 
Prop. 
acid 

NH3-N, 
% in N 

Dry matter 1         
    Untreated (UT)  52.2 4.83 4.63 4.76 0.82 <0.01 3.73 
    Propionic acid (PA)  52.6 4.92 6.06 3.97 0.84 0.90x 6.75x 
    PA+potassium sorbate (PS) 53.4 4.92 6.22 3.67 0.87 0.74x 6.31x 
    L. rhamnosus +P. freudenr. (LR+PF) 52.4 4.37 3.25 6.67 0.65 <0.01 3.53 
    L. plantarum (LP) 52.7 4.32 3.67 7.20 0.65 <0.01 2.51 
    LP + L. buchneri (LB) 54.2 4.44 3.66 6.61 0.93 <0.01 3.41 
SEM 0.28 0.053 0.234 0.152 0.030 0.016 0.252 
UT vs additives * **  ***  *** * 
Acids vs inoculants  *** *** *** ** *** *** 
PA vs PA+PS      ***  
LR+PF vs LP and LP+LB *    **   
LP vs LP+LB **   * ***  * 
Dry matter 2         
    Untreated (UT)  60.3 5.48 8.14 1.36 0.71 0.02 2.65 
    Propionic acid (PA)  61.6 5.38 10.40 0.73 0.65 0.80x 5.99x 
    PA+potassium sorbate (PS) 61.1 5.37 9.95 0.77 0.67 0.66x 5.56x 
    L. rhamnosus+P. freudenr. (LR+PF) 60.2 5.23 7.87 2.21 0.70 0.02 2.77 
    L. plantarum (LP) 60.5 4.92 7.62 3.64 0.65 0.01 2.39 
    LP + L. buchneri (LB) 60.1 4.77 5.87 4.01 0.89 0.01 2.57 
SEM 0.29 0.020 0.151 0.082 0.038 0.018 0.171 
UT vs additives  ***  ***  *** *** 
Acids vs inoculants ** *** *** *** * *** *** 
PA vs PA+PS      ***  
LR+PF vs LP and LP+LB  *** *** ***    
LP vs LP+LB  *** *** ** ***   
x Includes N and propionic acid from the additive PA (propionic acid + ammonium propionate) 
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Figure 1. Aerobic stability (cumulative temperature difference, oC ) of the silages in dry matter 
concentrations 50% and 60%. 
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The influence of dry matter, nitrate content and acidification on  
development of clostridia in silages from green forage 
E. Kaiser, K. Weiß, and P. Iv 
Humboldt University of Berlin, 10115 Berlin, Germany;  
Email: kirsten.weiss@agrar.hu-berlin.de 
 
Introduction The most important factor for inhibition of clostridial development in silages is 
the rapid reduction of pH value at the beginning of the fermentation process. It is assumed that  
if the “critical” pH value is quickly achieved, clostridia activity in silages can be stopped. In 
experiments on the fermentation process (Kaiser and Weiß, 1997, 2007), it was found that the 
effect of rapid acidification at the beginning of the fermentation process is only effective in 
ensiling forage containing nitrate. This study was aimed at elucidating the conditions for 
inhibitory effect of nitrate on clostridia depending on lactic acid fermentation and dry matter 
content. The effects of nitrate and lactic acid bacteria (LAB), alone and in combination, as an 
additive were evaluated by ensiling forage with four different dry matter contents.  
 
Materials and Methods Fermentation parameters and clostridia (C) counts were investigated 
using Dactylis glomerata harvested at 217 g/kg DM, wilted to four DM contents (217, 325, 416 
and 515 g/kg DM) and ensiled for 3, 7, 14, 28, 56, and 180 days. Forages were ensiled without or 
with addition of LAB, NO3-N 0.10 % of DM,  as well as LAB + 0.10 % of NO3-N in DM. The 
green forage used was nitrate-free and contaminated with C-spores (ca. 104 MPN/ g FM). The 
fermentation coefficients (FC) of green forage (FC = DM % + 8 WSC /BC) were 47, 52, 57, 65 
at the 4 levels of DM, thereby the ensiling material (EM) was defined as easily fermentable. 
Therefore it was expected that the control silages would be free of butyric acid (BA). 
 
Results and Discussion Despite rapid achievement of the critical pH value, BA-formation was 
found in control silages in ensiling material with 217, 325 and 416 g/kg DM (Figure 1). Butyric 
acid concentration was greater and it was formed earlier in silages from ensiling material at the 
lowest DM content (217 g/kg from day 7) than in those with higher DM contents. BA-free 
silages occurred only in high dry matter EM (515 g/kg DM, not shown). By adding of LAB + 
NO3, BA and clostridia spore formation were drastically reduced even in low DM silages. In the 
lower DM ranges LAB alone as an additive reduced BA-formation, but did not completely 
inhibited it. Clostridia spore development was not inhibited by LAB. In comparison, the effect 
of nitrate as an additive on the inhibition of clostridia was higher. At the DM level of 416 g /kg, 
LAB+NO3  showed no greater effect than LAB alone. At DM levels of 416 and 515 g/kg a clear 
inhibitory effect on clostridia was observed with LAB alone, both in terms of BA formation and 
clostridia spore development. It was detected that the germination of spores is possible by lower 
water activity (aw-value) in contrast to proliferation of vegetative germs. 
 
Conclusions The combination of LAB and NO3 had a positive effect on inhibition of BA-
fermentation and clostridia spore development, even in silages from green forage at low DM 
ranges. LAB as a single additive did not inhibit clostridia sufficiently at lower DM contents of 
EM. The decrease in pH value at the beginning of the fermentation process is not the major 
inhibiting parameter against clostridia activity. At low DM, a directly acting clostridia inhibitor 
is necessary in addition to acidification but at high DM content, addition of LAB alone is 
sufficient to inhibit clostridia. Concerning the inhibitory effect on clostridia a synergistic effect 
of acidification, nitrate and aw-value was established, varying among the different DM levels. 
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Figure 1: Butyric acid (BA) and clostridia spore content during fermentation of green forage  
      without silage additive (control);        with homofermentative lactic acid bacteria (LAB); 

      with nitrate;      with homofermentative lactic acid bacteria (LAB) + nitrate  
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Effect of adding lactic acid bacteria and formic acid on  
fermentation characteristics of whole crop rice silage 
B. W. Kim, and K. I. Sung 
Department of Dairy Science, Kangwon National University, South-Korea; Email: 
bwkim@kangwon.ac.kr 
 
Introduction Silage additives are needed to increase the quality of whole crop rice silage which 
seldom ferment without the addition of additives due to both high pH and butyric acid 
concentrations. Little information is available about the silage fermentation of whole crop rice 
added with silage additives in Korea. The objective of this experiment was to determine the 
effects of lactic acid bacteria (LAB) and formic acid concentrations on the silage quality of 
whole crop rice harvested at different mature stages. 
 
Materials and Methods Field study was established early in May until October 7th on a rice 
fields at Yupori, Sinbuk-yeup, Chunchon, Kangwon-Do, South Korea. The “ilpum” mutant rice 
was harvested at six different mature stages; booting (17 Aug.), milk-ripe (27 Aug.), dough (7 
Sep), yellow ripe (17 Sep.), dead ripe (27 Sep.), and full ripe stages (7 Oct.). There were three 
treatments for each maturity stage: 1) LAB at 0.05, 0.1 and 0.2% of sample wt, 2) formic acids at 
0.2, 0.3 and 0.4% of sample wt. and 3) no additives. The following parameters were determined: 
dry matter, crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), silage 
pH, lactate, and ammonia-N concentrations. 
 
Results and Discussion The better quality of silage was observed in the treatments (including no 
additives) harvested at yellow ripe stage. The additive levels did not affect dry matter content, 
CP, fiber and total digestible nutrient concentrations at all stages, but results for yellow ripe stage 
are shown in Table 1. Addition of additives significantly decreased the silage pH and butyric 
acid concentrations which tended to be more decreased with higher levels of additives. Lactic 
acid concentrations were higher with the use of additives, especially with LAB (Table 2). The 
lower concentrations of ammonia-N were observed in additive treatments at all stages, but the 
concentrations of ammonia-N did not differ according to the additive levels after yellow ripe 
stage (0.69, 0.60 and 0.71% of DM in 0.05, 0. 1, and 0.2% of LAB, respectively; 0.64, 0.59 and 
0.75% of DM in 0.2, 0.3 and 0.4% of formic acid, respectively). 
 
Conclusion The results of this study indicate that yellow ripe stage is proper for making whole 
crop rice silage, and the optimum addition levels of LAB and formic acid are 0.5~0.1%, and 
0.2~0.3%, respectively, on which the high quality of rice whole crop silage was produced. 
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Table 1. Chemical compositions of whole crop rice silage added with lactic acid bacteria (LAB) 
and formic acid harvested at yellow ripe stage (17 Sep.). 

Havest Data               Additives(%) DM CP NDF ADF CF EE Ash NFE TDN

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ % _ _ _ _ _ _ _ _ _ _

0 40.60 6.56a 61.39b 36.87ab 31.19a 3.03 13.81d 45.41 52.59

LAB 0.05 34.34 6.03b 63.06a 37.18a 29.40b 2.85 11.95a 49.77 54.92

0.1 35.12 6.51
ab

63.44
a

35.73
ab

30.76
a 2.87 11.74

b 48.12 54.51

17 Sep. 0.2 31.62 7.01a 59.98c 32.05b 25.13c 3.21 11.86c 52.79 58.01

0 40.60 6.56
a

61.39b 36.87 31.19a 3.03 13.81d 45.41 52.59

Formic 0.2 37.97 6.87
ab

61.87
a 35.92 27.48

c 3.54 14.85
a 47.26 54.55

acid 0.3 36.89 6.93a 62.46a 34.39 26.34d 3.24 14.31b 49.18 55.06

0.4 31.36 6.62b 61.82a 35.55 28.89b 3.05 14.14c 47.30 53.50

 
abcdMeans in the same column of each treatment with different superscripts differ (P≤0.05). 
 
 
Table 2. The pH, lactate, and Ammonia-N concentrations of the whole crop rice silage added 
with lactic acid bacteria (LAB) and formic acid harvested at yellow ripe stage (17 Sep.) 

 LAB Formic acid

Control 0.05 0.1 0.2 0.2 0.3 0.4

pH 4.98 3.83 3.79 3.75 4.64 4.31 4.30

Latate (% of DM) 1.23 3.91 4.23 5.46 2.12 2.89 4.26

NH3-N (% of Total N) 1.34 0.78 0.71 0.68 0.67 0.56 0.61
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Effects of lactic acid bacteria inoculants on the fermentation quality of 
 high moisture Italian ryegrass silage 
H. Kobayashi1, R.Uegaki2, T. Okajima1, R. Takada1 and Y. Cai2 
1Niigata University, Niigata 950-2181, Japan, 2National Institute of Livestock and Grassland 
Science, Tochigi 329-2793, Japan; Email: cai@affrc.go.jp 
 
Introduction Italian ryegrass (Lolium multiflorum L.) is a major silage crops with a high yield 
and palatability in Japan. While an increasing numbers of studies have reported positive effects 
of lactic acid bacteria (LAB) inoculants on silage fermentation with some wilted materials, 
relatively few have reported their effect on the high moisture silage fermentation. In this study, a 
commercial inoculant and a selected LAB strain isolated from forage crops were used as silage 
additives, and their effect on fermentation characteristics of high moisture Italian ryegrass silage 
were examined.   
 
Materials and Methods Two Italian ryegrass cultivars  Nagahahikari and Akiaoba with 
moisture more than 80% were harvested at the heading stage (Figure 1A). Silages were prepared 
by using a small-scale system of silage fermentation. The silage treatments were  untreated 
control, a bacteriosin-producing strain RO50 (Lactococcus lactis) and a commercial inoculant 
Chikuso-1 (Lactobacillus plantarum) (Figure 1B, 1C). Three silos per treatment were kept at 
room temperature. After 60 days of fermentation, the microorganism composition and 
fermentation quality of silage were analyzed. 
 
Results and Discussion The water-soluble carbohydrate content of Nagahahikari and Akiaoba  
were 9.5 and 11.5% on dry mater basis respectively (Table 1). Overall, the counts of 
microorganisms were 106 aerobic bacteria, 103 mold, 105 coliform bacteria and few clostridia in 
each of the cultivars (counts are CFU/g fresh forage). The count of Lactic acid bacteria in 
Akiaoba was 103 levels, but in Nagahahikari could not be detected. While the counts of 
microorganisms in silage were no significantly different among treatment, Nagahahikari and 
Akiaoba silages inoculated with Chikuso-1 had significantly lower pH values (p<0.01) and 
butyric acid contents (p<0.05 or p<0.01 respectively) compared with the untreated silage. 
However, the strain RO50-inoculated silages gave similar values to the control in both types of 
silage (Figure 2).  
 
Conclusions The results confirmed that Chikuso-1 is more effective in improving silage quality 
than strain RO50 under high-moisture conditions and it is suitable as potential inoculant for high 
moisture silage preparation.  
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Italian ryegrass                 Inoculant Chikuso-1         Freeze-dried inoculant powder  

Figure 1. Italian ryegrass and a commercial inoculant used in this experiment. 
 
Table 1. Chemical composition and pH of Italian rygrass material and silage.

Moisture
(%) OM CP EE ADF NDF Sucrose Glucose Fructose

Material
Nagahahikari 83.0 5.96 92.4 6.0 2.1 35.0 56.3 5.3 0.4 3.6
Akiaoba 86.0 5.96 90.8 7.5 2.2 31.2 49.0 6.9 0.3 5.2

Silage
Nagahahikari

Control 87.2 89.3 7.9 3.8 44.3 68.7 0.0 0.0 0.1
Chikuso-1 85.8 89.9 8.7 4.5 41.5 64.5 0.0 0.7 0.1
RO50 87.0 89.1 9.4 3.8 43.0 66.5 0.0 0.0 0.1

Akiaoba
Control 85.9 89.4 7.7 2.8 41.6 64.1 0.0 0.0 0.5
Chikuso-1 85.1 89.2 9.1 3.1 35.8 56.3 0.0 0.0 0.3
RO50 85.1 88.7 8.7 2.9 38.8 60.2 0.0 0.0 1.1

ns ns ns ns ns ns ns ns ns
*, Significance among silage treatments by ANOVA.
ns, not significantly different.

NDF, neutral detergent fiber ; WSC, water-soluble carbohydrate.

Chemical composition (% DM) WSC (% DM)

Significance*

pH

OM, organic matter ; CP, crude protein ; EE, ether extract ; ADF, acid detergent fiber ; 
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Effect of two inoculants rehydrated or freshly cultured before inoculation on fermentation and 
conservation of timothy (Phleum pratense L.) 
C. Lafrenière1, M.-A. Sylvestre2, P. Drouin2, D. Davies3, and R. Berthiaume4 
1Agriculture and Agri-Food Canada, Kapuskasing, Ont, Canada, 2Université du Québec en Abitibi-
Témiscamingue, Qc, Canada, 3I.G.E.R., Aberystwyth, UK, 4Agriculture and Agri-Food Canada, 
Sherbrooke, Qc, Canada; Email: carole.lafreniere@uqat.ca 
 
Introduction Fructans constitute an important proportion of the non-structural carbohydrates in 
temperate grasses. However, only a small proportion of epiphytic lactic bacteria can metabolize 
fructans (Winters et al., 1998). Therefore, a lactic inoculant capable of fructan fermentation would 
be advantageous. It has been demonstrated that such inoculants elicit a faster pH decline (Merry et 
al., 1995). The aim of this study was to monitor pH decline and conservation parameters of two 
different lactic inoculants, freeze-dried and rehydrated or freshly cultured, to determine the best 
practice to improve conservation of timothy silage. 
 
Materials and Methods A total of 105 laboratory silos were filled with chopped timothy at 30% 
DM. Silos were divided between five treatments: two commercial inoculants (Biomax and Power 
Start), rehydrated from a freeze-dried powder prior to application or cultivated during 16 hours, and 
a control. Treatments were applied in a complete randomized block design with three replicates. 
Silos were opened at seven different times from 0 hour to 28 days of ensiling. At each opening, 
water soluble carbohydrates (WSC), pH, VFA, lactic acid, lactic acid bacteria (LAB) and 
Clostridium spores were evaluated. Monitoring pH decline during the ensiling process allowed the 
evaluation of the lag time and pH decline rate (k) of the different treatments according to Jones et al. 
(1992). Water soluble carbohydrates were extracted in water and measured by HPLC using a 
refractometry detector.  
 
Results and Discussion The lag time before pH decline was the same (P > 0.05) for all treatments, 
including the control, even if epiphytic lactic bacteria were lower on the control treatment at ensiling. 
The rate of pH decline (k) of both inoculants (rehydrated or freshly cultured) was similar (P > 0.05) 
but the freshly cultured (Power Start) was superior (P < 0.05) to the control (Table 1). For all 
treatments, the pH declined, while the lactic acid increased and reached a peak on day 7 (Figure 1). 
At that time, glucose and fructose contents were low, whereas no fructans or sucrose were detected 
(Figure 1). Thereafter, lactic acid concentration decreased and butyric acid was detected. Due to the 
absence (detectable level of 102 UFC· g FM-1) of butyric spores, the observations suggest that 
butyric acid was produced by other microorganisms able to grow at low pH. However, fructose was 
detected on day 28 in similar concentration to what was observed on day 1, which suggest 
degradation of fructans. This observation is difficult to explain since no fructans were detected after 
day 1. It might be hypothesised that water did not extract all fructans, which were degraded later in 
the ensiling process. The same pattern was observed for the control treatment, while the fructose 
concentration did not vary from day 1 to day 28.  
 
Conclusions Under laboratory conditions, both inoculants improved the pH decline over the control.  
However, there were no differences between methods of preparation (rehydrated or freshly cultured) 
of the inoculants prior to their application on timothy in a short conservation period. Shortage of 
water soluble carbohydrates was obvious as butyric acid was produced along with a decrease in 
lactic acid. Over long storage periods, this might have detrimental effects on silage conservation. 
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Table 1. Forage composition and fermentation kinetics  

  Forage compositionz 
Fermentation 

kinetics 

 DM WSC LAB  
pH decline 

(k) 
 g •kg FM-1 g  • kg DM-1 log10 UFC • g FM-1  (day) 

 
Treatment 
 

            
Control  321.6   80.8 b 3.63 c       0.64a 

Biomax freshly cultured  307.4    85.2 ab 5.81 a   0.81ab 
Biomax freeze dried  304.0 78.8 b 5.00 b  0.87ab 
Power Start freshly cultured  281.3 94.0 a 5.61 a       0.95b 
Power Start freeze dried  300.9 77.9 b 5.04 b   0.85ab 
zMeans followed by a different letter in a column are different according to the Tukey’s test at 
the level P = 0.05. 
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Using additives to improve the of quality of silage made from birdsfoot trefoil and birdsfoot 
trefoil-ryegrass mixtures  
P. Lättemäe, and U. Tamm  
Estonian Research Institute of Agriculture (ERIA), 75501 Saku, Estonia; Email: 
paul.lattemae@eria.ee 
 
Introduction Birdsfoot trefoil (Lotus corniculatus) is a legume used for grazing and making 
silage. Forage legumes have a high nutritive value but they are known to be difficult to ensile 
and result often in poorly fermented silage. This is usually due to the high buffering capacity 
(BC), the low available sugar (WSC) and dry matter (DM) concentrations. However, the use of 
efficient additive may considerably improve the quality of silage and reduce losses. It is also 
possible to improve the fermentation properties through the use of grass-legume mixtures rather 
than pure legume. In this ensiling study herbage pure birdsfoot trefoil and birdsfoot-ryegrass 
mixture were ensiled without additives and with the use of chemicals AIV-2000 plus and Niben 
or biological Sil-All (5 l/ton fresh matter). AIV-2000 plus is based on formic acid and Niben in 
sodium benzoate. The aim of this investigation was to study the ensiling of birdsfoot trefoil, 
additive and legume-grass mixture effects on nutritive value, fermentation quality and dry 
matter losses of silage. 
 
Materials and Methods The ensiling trial was carried out at Dep. of grassland of ERIA on 11th 
of June in 2007. The first cut birdsfoot trefoil (variety ‘Norcen’) and birdsfoot trefoil-ryegrass 
(variety ‘Raidi’) mixture were used as a silage material. By botanical composition the first 
treatment consisted 90% of birdsfoot trefoil, 6% of weeds and 4% of grasses. The mixture 
consisted 50% of timothy, 49% of birdsfoot trefoil and 1% of weeds. The birdsfoot trefoil was 
flowering at development stage when harvested and ryegrass at heading stage. The chemical 
composition of birdsfoot trefoil was as follows: dry matter concentration (DM) 165 g/kg, crude 
protein (CP) 173 g/kg DM, crude fibre (CF) 325 g/kg DM, neutral detergent fibre (NDF) 364 
g/kg DM, acid detergent fibre (ADF) 301 g/kg DM, water soluble carbohydrates (WSC) 63,2 
g/kg DM, buffering capacity (BC) 71,4 g lactic acid/kg DM. The mixture DM 178 g/kg, CP 150 
g/kg DM, CF 348 g/kg DM, NDF 41,4 g/kg DM, ADF 317 g/kg DM, WSC 81,0 g/kg DM, BC 
54,8 g lactic acid/kg DM. The grass was cut by a mowing machine, chopped at 2-3 cm chopping 
length and ensiled in 3 l glass jars. Prior ensiling the additives were applied and mixed into the 
chopped herbage. The trial was performed in tree replicates and the jars covered with plastic 
film (4 layers). The silos were kept at room temperature 20-25° C and the samples for analyses 
were taken for 120 days.   
 
Results and Discussion The results are presented in tables 1 and 2. The nutritive value and DM 
concentration of silage were dependent on the ensiling material. Pure birdsfoot trefoil resulted in 
lower dry matter concentration and higher nutritive value. The average DM concentration of 
birdsfoot trefoil was 162 g/kg, CP 180 g/kg DM and ME 10,3 MJ/kg DM. In the mixture the 
DM concentration slightly increased but nutritive value decreased. There were large differences 
in DM yields (birdsfoot trefoil 1680 kg ha-1 vs. mixture 3542 kg ha-1). The fermentation quality 
is usually dependent on material ensilability. Considering the DM and WSC concentrations of 
fresh birdsfoot trefoil and buffering capacity, such material has moderate ensilability. In the 
mixture the fermentation properties slightly improved. Generally, the silage quality was 
satisfactory or even good but there were significant differences between treatments. The 
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fermentation quality was mainly dependent on the additive but also on the mixture. The 
untreated birdsfoot silage had the lowest quality. It contained 3,8 g/kg DM butyric acid and 
8,2% of ammonia. Both chemical additives used improved fermentation and reduced DM losses. 
Other chemical mixture treatments had also better quality. Biological additive Sil-All was less 
effective. The other fermentation products were in accordance with silage quality. Ethanol is 
indicating the development of yeasts, butanediol the growth of entrobacteria and acetic acid the 
trend of lactic acid fermentation. DM losses were also in accordance with silage quality. The 
aerobic stability of silage was dependent on the treatment (data not shown). Good stability (7, 
>7 days) was obtained when chemicals were applied to silage. In other treatments the stability 
varied from 2,5-5,0 days. 
 
Conclusions The results demonstrated that birdsfoot trefoil is a nutrient-rich legume having 
moderate ensiling properties. In order to increase the DM yield and ensilability it is 
recommended to grow it with grasses. Use of additives and the mixture improved fermentation 
and reduced DM losses. Better silage quality was obtained when chemicals were used. 
 
 

Table 1. The additive and a mixture effects on nutritive value and dry matter losses of silage 
   

Treatment DM 
g/kg 

CP 
g/kg DM 

 

CF 
g/kg DM 

 

Crude ash 
g/kg DM 

 

ME 
MJ/kg DM 

DM losses 
% 

Birds-foot trefoil 
Untreated 
AIV-2000 plus 
Niben 
Sil-All 

159 
162 
164 
161 

180 
179 
183 
177 

303 
294 
297 
312 

88 
92 
90 
91 

10,2 
19,3 
10,3 
10,2 

6,8 
1,7 
1,8 
2,9 

Birds-foot trefoil-ryegrass mixture 
Untreated 
AIV-2000 plus 
Niben 
Sil-All 

168 
170 
174 
171 

163 
152 
158 
154 

314 
325 
316 
322 

90 
88 
87 
85 

10,1 
10,0 
10,1 
10,0 

5,6 
1,3 
1,4 
2,1 

LSD0,05 11,3 11,5 16,5 6,8 0,2 2,3 
 
Table 2. The additive and a mixture effects on fermentation quality of silage 
Treatment 
 
 

pH Amn. N 
% total N 

 

Acetic 
g/kg  
DM 

Butyric 
g/kg DM 

Ethanol 
g/kg DM 

 

Butanediol 
g/kg DM 

 
Birds-foot trefoil 
Untreated 
AIV-2000 plus 
Niben 
Sil-All 

5,0 
4,6 
4,4 
4,3 

8,2 
7,8 
6,3 
7,0 

16,5 
10,8 
20,2 
25,8 

3,8 
1,2 
0,7 
2,2 

35,0 
30,0 
59,0 
27,0 

0,9 
0,0 
0,0 
1,2 

Birds-foot trefoil-ryegrass mixture 
Untreated 
AIV-2000 plus 
Niben 
Sil-All 

5,9 
4,5 
4,4 
4,2 

7,0 
5,8 
4,3 
5,8 

14,0 
10,5 
15,6 
20,9 

1,4 
0,6 
0,6 
0,8 

43,1 
20,5 
43,9 
35,7 

1,2 
0,2 
0,0 
0,8 

LSD0,05 0,3 2,5 5,3 1,2 12,7 0,7 
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Variations in bacterial community and survival of inoculant bacteria in bunker silos 
assessed by denaturing gradient gel electrophoresis profiles 
Y. Li and N. Nishino 
Graduate School of Natural Science and Technology, Okayama University, Japan;   
E-mail: yanbing_894@hotmail.com 
 
Introduction Variations are shown within and between big bales in fermentation products and 
bacterial community (Nishino and Tanabe, 2007). Information is lacking on the property of 
bunker silos, which might help improve silage management in regard to animal production and 
food hygiene. Recent progress in culture-independent micro-organism analyses can support the 
understanding greatly. Whole-crop corn is a most suitable crop for the ensiling in bunker silos. 
Inoculants might be necessary to ensure the stability after exposure to air, while there might be 
difference in the efficacy within and between bunker silos. Survival of inoculated bacteria needs 
to be examined in order to understand how inoculants provide benefits. This study evaluated 
variations in bacterial community and survival of inoculant bacteria in bunker silos managed by 
a silage contractor. 
 
Materials and Methods Silage samples were collected from three dairy farms (Nos. 1, 2 and 3), 
and one farmer was the silage contractor for the other two farmers. The three silages were made 
from whole-crop corn in bunker silos using a forage harvester with an on-board kernel processor. 
A commercial inoculant, which contained Lactobacillus buchneri, Lactobacillus plantarum and 
Enterococcus faecium (11C33, Pioneer Hi-bred Japan), was applied at the forage harvester.  
Eight samples were collected from each bunker silo; at levels of 0.5 m below the top and above 
the bottom, two outside and inside samples were taken at 0.5 m and 3.0 m depth from the side 
walls, respectively. Water extracts were prepared to determine pH, lactic acid, volatile fatty acids, 
and alcohols. Denaturing gradient gel electrophoresis (DGGE) was used to determine the 
bacterial community, with amplifying a variable (V3) region of the bacterial 16S rDNA. Cluster 
analysis was made to enable grouping and differentiation of qualitative DGGE profiles. 
 
Results and Discussion Differences were significant between bunker silos for DM, lactic acid, 
ethanol and 1,2-propanediol contents (Table 1). At the bottom of bunker silos, inside samples 
contained more lactic acid, acetic acid, and 1,2-propanediol compared with outside samples. No 
difference was found between top and bottom samples, except for 1,2-propanediol content. 
Cluster analysis demonstrated that farm no. 1 and no. 2 silos were grouped separately from the 
farm no. 3 silo, which had a low DM content compared with other two silos. Inoculant bacteria 
(E. faecium, L. plantarum, and L. buchneri) appeared to have survived, but the bands indicative 
of E. faecium and L. plantarum were faint in DGGE gel (Figure 1). A number of unusual DNA 
bands were detected in farm no. 2 and no. 3 silos. These silos had samples with low lactic acid 
content, and Lactobacillus panis was identified as a bacterium accounting for the difference.  
 
Conclusion Differences in bacterial community might be small within and between bunker silos, 
when managed by a silage contractor who is applying a bacterial inoculant. Good operator 
technique can be demonstrated with the efficient distribution of inoculant bacteria. However, 
fermentation products could differ distinctively from silo to silo, because the DM content and 
stage of whole-crop maturity at harvest might vary between bunker silos according to the order 
of silage-making operation. 
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Table 1. Variations in chemical composition of whole-crop corn silage within and between 
bunker silos1 
Item DM pH Lactic acid Ethanol Acetic acid 1,2-PDa 
 Mean  SD Mean  SD Mean  SD Mean  SD Mean  SD Mean  SD 
Top             
Outside 30.1 3.81 3.78 0.07 1.23 0.28 0.15 0.06 1.09 0.16 0.08 0.06 
Inside 31.5 4.43 3.84 0.15 1.20 0.48 0.14 0.07 1.20 0.41 0.07 0.06 

Bottom             
Outside 28.6 9.05 3.81 0.19 0.91 0.64 0.10 0.05 1.12 0.47 0.06 0.05 
Inside 32.2 6.20 3.80 0.07 1.56 0.24 0.14 0.06 1.78 0.26 0.34 0.31 

             
Top vs bottom NS  NS  NS  NS  NS  ** 
Outside vs inside NS  NS  **  NS  *  ** 
Bunker vs gunker **  NS  **  *  NS  ** 
1Mean values of three bunker silos.  
a1,2-PD=1,2-Propanediol.  
NS; P>0.05. *; P<0.05. **; P<0.01. 
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d Lactobacillus kefir
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f Lactobacillus panis
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Figure 1. Denaturing gradient gel electrophoresis profile of bacterial DNA extracted from whole 
crop corn silages inoculated with Lactobacillus plantarum, Enterococcus faecium, and 
Lactobacillus buchneri. The three bunker silos were managed by a silage contractor. 
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Aerobic stability of Italian ryegrass and corn silages treated with combined inoculation of 
Pediococcus acidilactici and Lactobacillus brevis 
Y. Li and N. Nishino 
Graduate School of Natural Science and Technology, Okayama University, Japan; Email: 
yanbing_894@hotmail.com 
 
Introduction Lactobacillus buchneri is considered an exclusive species that can inhibit aerobic 
spoilage after silo opening. Because of the high amount of  acetic acid produced by  L. buchneri , 
it is often used as a mixture with homofermentative lactic acid bacteria (LAB), hence still there 
is a room to improve bacterial inoculants. We reported that a total mixed ration (TMR) silage 
containing wet brewers grains (BG) could resist aerobic deterioration with L. buchneri 
dominating the ensiling process (Wang and Nishino, 2009). The resistance was also shown when 
wet BG was replaced with soybean curd residue (SC), although L. buchneri was undetectable by 
the denaturing gradient gel electrophoresis (DGGE) analysis of SC-containing TMR silage. 
Culture-based analysis indicated that Pediococcus acidilactici and Lactobacillus brevis were 
principal LAB in the TMR silage, suggesting that the two LAB species might have abilities to 
inhibit spoilage. The present study was designed to examine the effects of inoculating P. 
acidilactici and L. brevis alone or in combination on the fermentation and aerobic stability of 
Italian ryegrass and whole crop corn silages. 
 
Materials and Methods P. acidilactici and L. brevis were isolated from the plates of de Man, 
Rogosa, Sharpe agar as representative LAB of SC-containing TMR silages. Wilted Italian 
ryegrass and whole crop corn were ensiled in plastic pouches with and without inoculation of P. 
acidilactici and L. brevis at 106 cfu/g. Combined inoculation was also made to examine a 
synergistic effect on the fermentation and aerobic stability. Silos were stored at ambient 
temperature for 30 days, and pH, lactic acid, volatile fatty acids and alcohols were determined on 
water extracts. PCR-DGGE was used to determine the bacterial community with amplifying a 
variable (V3) region of the bacterial 16S rDNA (Wang and Nishino, 2008).  
 
Results and Discussion 
Untreated Italian ryegrass silage attained an acceptable pH of 4.50 at silo opening (Table 1). 
Inoculation of P. acidilactici increased lactic acid contents, and that of L. brevis enhanced lactic 
and acetic acid contents. Yeast counts were unaffected by P. acidilactici addition, but reduced to 
below the detectable level by L. brevis addition. Combined inoculation gave similar results in 
fermentation products to L. brevis alone. The pH increased to 5.67 in untreated control after 
aerobic exposure for 7 days. Chemical composition and microbial counts were not altered in 
inoculated silages in the presence of air, except that large increase in yeasts was found in P. 
acidilactici-treated silage. Whole crop corn silage showed a low pH of about 3.70 regardless of 
LAB inoculation. Lactic and acetic acid contents were similar between untreated and inoculated 
silages, whereas yeasts counts were marginally decreased by P. acidilactici and combined 
inoculation. Neither P. acidilactici nor L. brevis could prevent spoilage if inoculated alone, but 
the deterioration was suppressed by combined inoculation of the two LAB. 
 
Conclusion A synergistic effect may exist to inhibit silage deterioration with a 
homofermentative P. acidilactici and a heterofermentative L. brevis. Substances accounting for 
the inhibition remain to be examined. 
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Table 1. Chemical composition and microbial counts of wilted Italian ryegrass silage inoculated 
with and without Pediococcus acidilactici (PA) and Lactobacillus brevis (LB) 
Item Control PA LB PA+LB SE 
At silo opening      
Dry matter (%) 44.3 46.3 45.5 46.3 1.10 
pH 4.50 a 3.80 b 3.94 b 3.89 b 0.05 
Lactic acid (%) 0.51 c  1.15 a 0.90 b 1.01 b 0.03 
Acetic acid (%) 0.28 b 0.26 b 0.82 a 0.73 a 0.04 
Lactic acid bacteria (log cfu/g) 7.68 a 7.59 a 7.17 b 7.33 ab 0.08 
Yeasts (log cfu/g) 5.18 4.34 <2.00 <2.00 --- 

After aerobic exposure      
Dry matter (%) 46.3 b  49.1 ab  49.1 ab  49.9 a  0.65  
pH 5.67 a 3.76 c 3.93 b 3.77 bc 0.03 
Lactic acid (%) 0.19 c 1.02 ab 0.83 b 1.13 a 0.05 
Acetic acid (%) 0.05 b 0.05 b 0.73 a 0.75 a 0.04 
Lactic acid bacteria (log cfu/g) nd nd nd nd --- 
Yeasts (log cfu/g) 8.39 7.69 <2.00 <2.00 --- 

Mean of triplicate silages. Values within the same row followed by different superscript letters 
are significantly different (P<0.05). nd; not determined. 
 
Table 2. Chemical composition and microbial counts of whole crop corn silage inoculated with 
and without Pediococcus acidilactici (PA) and Lactobacillus brevis (LB) 
Item Control PA LB PA+LB SE 
At silo opening      
Dry matter (%) 28.2 ab 29.7 ab 27.6 b 30.9 a 0.69  
pH 3.70 3.68 3.67 3.71 0.07 
Lactic acid (%) 1.97 1.86 1.77 1.84 0.09 
Acetic acid (%) 0.83 ab 0.77 b 1.02 ab 1.25 a 0.10 
Lactic acid bacteria (log cfu/g) 5.89 b 6.30 ab 6.01 ab 6.60 a 0.13 
Yeasts (log cfu/g) 5.96 a 5.42 b 5.99 a 5.42 b 0.12 
      
Dry matter (%) 34.8  36.2  34.2  36.8  0.72  
pH 6.17 a 6.17 a 6.03 a 4.45 b 0.08 
Lactic acid (%) 0.06 b 0.10 b 0.13 b 0.88 a 0.08 
Acetic acid (%) 0.04 0.03 0.04 0.07 0.01 
Lactic acid bacteria (log cfu/g) 8.85 8.83 8.91 8.51 0.12 
Yeasts (log cfu/g) 8.83 8.87 8.82 8.59 0.10 

Mean of triplicate silages. Values within the same row followed by different superscript letters 
are significantly different (P<0.05). 
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Preparation and fermentation quality of sugar beet pulp silages 
J. Li and Z. Yu 
Institute of Grassland Science, China Agricultural University, Beijing 100193 China; 
Email: yuzhu3@sohu.com 
 
Introduction Sugar beet pulp is a promising feed because it is nutritious, palatable, has high 
digestibility of cellulose and is cost-effective. Due to the short production cycle of sugar beet, it 
may not be fully utilized during that short period of time. In addition, the fresh sugar beet is high 
in moisture, making it difficult to preserve. The best way to solve these problems is to ensile the 
sugar beet pulp. The moisture content of the raw material and the type and quantity of the Lactic 
acid bacteria (LAB) are key factors to the quality of sugar beet pulp silages. So the objective of 
this study is to evaluate the effects of different additives and corn stover on the fermentation 
quality of sugar beet pulp silages and to provide a scientific basis for its production. 
 
Materials and Methods Sugar beet pulp was from a sugar factory in Linxi, Inner Mongolia. 
Table1 shows its chemical composition before ensiling. The silage additives were FAST-SILE 
(QB, Lactobacillus, cellulose enzyme), Lalsil Dry (DR, Lactobacillus, cellulose enzyme), 
Micromanager H/MF (MF, Pediococcus, Lactobacillus), Lalsil Fresh (LF, Lactobacillus, 
Pediococcus), Microbials (MB, Enterococcus, Lactobacillus), Chikuso 1 and SBM (XC and SB, 
Lactobacillus planetarium), and Silo guard (SG1 and SG2, sodium sulfate, sodium sulfite). The 
forages were ensiled in polyethylene bags, with or without corn stover, and then mixed with 
additives. DR, XC, MB, QB, LF and SB were added at the rate of 5 g/t and SG1, SG2 and MF 
were added at, respectively, 0.5 kg/t, 1 kg/t and 11.35 g/t. After the ensiling period of 90 days, 
the silages were opened for the analysis of fermentation quality. 
 
Results and Discussion The effects of additives on the fermentation quality of sugar beet pulp 
silages were presented in Table 2. Relative to the control (CK), the pH value decreased except 
for treatment of LF, indicating that LF had no effect. The content of NH3-N as a proportion of  
total N (TN) in the forages decreased in treatments SG1, SG2, MF, DR, XC, MB, QB, SB, and 
YJ1 to YJ4, with SG1 and SG2 decreasing to 5.13 and 4.23%, respectively. Lactic acid 
concentration was higher in all the treated  silages, accept that LF had a contrary effect and there 
was no difference between CK and SB. Acetic acid content was higher in treatments of SG1, DR, 
LF, SB, and YJ1 to YJ4 than in CK; in contrast, MF and QB had lower acetic acid compared 
with CK. Compared to CK, propionic acid contents were increased in the treatments of SG1, DR, 
LF, SB and YJ1, but others had no obvious effect on it. Butyric acid content was reduced when 
adding additives except  for MB, QB, and LF. 
 
Conclusions Sugar beet pulp silages made without additives had poor fermentation quality. 
Micromanager H/MF, Lalsil Dry, Chikuso 1, Microbials, FAST-SILE and SBM could improve 
the fermentation quality of silages, and were equivalent to adding 0.5 kg/t and 1 kg/t silo guard 
to forages. Bi-crop made of sugar beet pulp and corn straw improved the fermentation quality 
and adding 300 kg/t corn straw had the best effect. 
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Table 1. Chemical analysis of material prior to ensiling (% DM) 
Items Silage materials (%) 
Dry matter (DM)  15.2 
Water Soluble Carbohydrates (WSC)      0.23 
Crude Protein (CP) 11.2 
Neutral detergent fiber (NDF)  63.8 
Acid detergent fiber (ADF)          45.3 
 
 
Table 2. The fermentation quality of sugar beet pulp silages 

a~i Means in the same column with different superscripts differ (P < 0.05). 
1CK = control; other treatments described in the text 
SEM = Standard error of the mean 

Organic acids (% DM) Treatments1 
 

DM 
(%) 

pH 
value 

Ammonia-N 
(% of  TN) Lactic Acetic Propionic Butyric 

CK 
SG1 
SG2 
MF 
DR 
XC 
MB 
QB 
LF 
SB 
YJ1 
YJ2 
YJ3 
YJ4 
SEM 

18.85de 
20.20de 
21.05d 
20.07de 
18.07e 
18.54de 
20.14de 
18.48de 
18.05e 
18.13e 
23.88c 
28.31b 
30.22b 
35.09a 
0.83 

4.31a 
3.70h 
3.91efg 
3.92def 
3.97de 
4.13c 
4.22b 
4.21b 
4.36a 
4.08c 
4.12c 
3.99d 
3.84g 
3.86fg 
0.03 

11.28a 
5.13h 
4.23i 
7.53gf 
7.85gf 
8.46ef 
9.09de 
7.90gf 
11.32a 
10.05b 
9.90cd 
9.30cd 
7.59g 
7.87gf 
0.31 

1.24i 
3.18d 
2.91e 
1.83g 
2.41f 
2.28f 
1.78j 
1.48h 
0.66j 
1.34hi 
3.32d 
4.56c 
6.39a 
5.58b 
0.31 

0.86gf 
1.38c 
0.92f 
0.75hi 
1.62a 
0.82gh 
0.88gf 
0.72i 
2.27b 
1.33cd 
1.07e 
1.27d 
1.32cd 
1.11e 
0.11 

0.07f 
0.12d 
0.06fj 
0.07f 
0.30b 
0.07f 
0.07f 
0.07f 
0.37a 
0.21c 
0.11e 
0.05jg 
0.00i 
0.04h 
0.02 

0.09a 
0.04c 
0.04c 
0.05bc 
0.05bc 
0.05bc 
0.10a 
0.10a 
0.10a 
0.05bc 
0.03c 
0.03c 
0.00d 
0.05bc 
0.01 
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Forage maize composition--interaction of harvest date, plastic mulch and cultivar 
E. M. Little1,2,3, P. O'Kiely1, P. D. Forristal2, and T. McCabe3  
1Teagasc, Grange Beef Research Centre, Dunsany, Co. Meath, Ireland, 2Teagasc, Crops 
Research Centre, Oak Park, Carlow, Ireland, 3University College Dublin, Belfield, Dublin 4, 
Ireland; Email: padraig.okiely@teagasc.ie 
 
Introduction Maize can supply high yields of quality forage on some Irish farms.  The 
variability in yield, quality and maturity at harvest reflects the responses to prevailing weather 
conditions, particularly temperature during April to September. The use of plastic mulch 
promotes higher yields (Little et al., 2008) of quality feedstuff and has permitted the crop to 
extend into geographical areas once considered unsuitable. The objectives were to compare two 
cultivars of forage maize that were grown with or without plastic mulch and to examine how 
composition altered from early September to early November. 
 
Materials and Methods Two forage maize cultivars of different maturity characteristics 
(Tassilo: FAO 210 (early) and Benicia: FAO 270 (late)) were sown at Knockbeg, Co. Carlow 
either uncovered (NP – no plastic) or under complete cover clear polythene mulch (P; 6 micron; 
I.P. Europe Ltd). Each plot consisted of 4 rows (70 cm spacing) of 10 m length. Plots were sown 
in triplicate on 23 April using a Samco precision seed drill at 100,000 seeds/ha. Standard weed 
control (4.5 l atrazine/ha) and fertilizer (150 kg N, 50 kg P, 200 kg K/ha) were applied pre 
sowing to all plots. Samples of 1 m length per plot were taken at ten day intervals from 10 Sept. 
to 9 Nov. and whole-crop samples were submitted to chemical analyses. Data were statistically 
analysed by repeated measures analysis of variance using a model that accounted for cultivar, 
plastic mulch, harvest date and their interactions. 
 
Results and Discussion Whole-crop chemical composition results are summarized in Table 1. 
Starch content was increased (P<0.001) by sowing the crop under plastic mulch, and was higher 
(P<0.001) with Tassilo than Benicia. In vitro dry matter digestibility declined as harvest date was 
delayed, and was higher (P<0.001) with the earlier maturing Tassilo than the later maturing 
Benicia – this was especially evident at the earlier harvest dates (P<0.01). Plastic mulch 
increased (P<0.001) digestibility, mainly at the earlier harvests (P<0.01). It also increased 
digestibility more (P<0.01) with Benicia than with Tassilo. Both NDF and ADF declined with 
later harvesting, with the rate of decline being faster (P<0.05) with Tassilo than Benicia, and 
where plastic mulch was used (P<0.01). Ash concentration declined over time, and was 
particularly reduced (P<0.01) when the crop was grown under plastic mulch. 
 
Conclusions Plastic mulch modified forage maize chemical composition in line with advancing 
its stage of maturity and this effect was most evident with the earlier maturing cultivar when 
harvested in September. 
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Table 1. Chemical composition of the whole-crop maize 
Harvest date 

(H) 
Cultivar 

(C) 
Mulch  

(M) 
Starch  

g/kg DM 
DMD1 
g/kg 

NDF2 
g/kg DM 

ADF3 
g/kg DM 

Ash    
g/kg DM 

Sep-10 Tassilo No 158 658 571 298 49 
Sep-10 Tassilo Yes 261 699 467 234 39 
Sep-10 Benicia No 42 641 624 361 57 
Sep-10 Benicia Yes 206 697 520 289 47 
Sep-20 Tassilo No 217 680 505 268 43 
Sep-20 Tassilo Yes 302 710 422 217 35 
Sep-20 Benicia No 103 616 629 366 47 
Sep-20 Benicia Yes 274 706 491 266 43 
Sep-30 Tassilo No 279 699 469 237 44 
Sep-30 Tassilo Yes 352 716 440 231 40 
Sep-30 Benicia No 201 682 544 308 54 
Sep-30 Benicia Yes 332 744 433 224 45 
Oct-10 Tassilo No 290 708 455 241 39 
Oct-10 Tassilo Yes 339 725 414 222 34 
Oct-10 Benicia No 197 697 523 297 43 
Oct-10 Benicia Yes 335 746 410 228 39 
Oct-20 Tassilo No 299 717 463 246 39 
Oct-20 Tassilo Yes 343 723 414 214 33 
Oct-20 Benicia No 252 718 502 273 43 
Oct-20 Benicia Yes 331 733 440 235 40 
Oct-30 Tassilo No 318 718 443 227 38 
Oct-30 Tassilo Yes 352 730 414 223 32 
Oct-30 Benicia No 264 710 474 265 40 
Oct-30 Benicia Yes 328 722 446 243 40 
Nov-09 Tassilo No 344 735 415 225 29 
Nov-09 Tassilo Yes 361 755 407 220 27 
Nov-09 Benicia No 274 700 495 284 34 
Nov-09 Benicia Yes 359 737 420 230 35 

s.e.m H   3.03 3.65 3.4 3.62 1.51 
C   1.53 1.26 2.1 1.87 1.01 
M   1.53 1.26 2.1 1.87 1.01 

H x C   4.28 5.16 4.8 5.12 2.13 
H x M   4.28 5.16 4.8 5.12 2.13 
C x M   2.16 1.78 2.97 2.65 1.43 

H x C x M   6.06 7.29 6.79 7.23 3.02 
Sig.4  H   *** *** *** *** *** 

C   *** ** *** *** ** 
M   *** *** *** *** ** 

H x C   *** *** *** *** NS 
H x M   *** *** *** *** NS 
C x M   *** *** *** *** NS 

H x C x M   ** ** *** ** NS 
1 Dry matter digestibility; 2 Neutral detergent fibre; 3 Acid detergent fibre; 4 NS = non-significant; 
*P<0.05; **P<0.01; ***P<0.001. 
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Fermentation quality of alfalfa silages treated with additives 
P.-D. Liu1, Z. Yu2*, SHAO Tao1, and K. Wang1 
1College  of  Animal  Science  and  Technology, Nanjing  Agricultural  University, Nanjing, 
China, 210095; 2Institute  of  Grassland  Science, China  Agricultural  University, Beijing，
China, 100193; Email:yuzhu3@sohu.com 
 
Introduction Ensiling alfalfa can keep the nutrition component of alfalfa and avoid some of the 
bad weather conditions during harvesting. But alfalfa’s high buffering capacity (BC), low water 
soluble carbohydrates (WSC) content, and low lactic acid bacteria content can produce poor 
quality silages when alfalfa is ensiled at high moisture content. Numerous studies have shown 
that additives can improve fermentation quality of alfalfa. The objective here was to study the 
dynamic fermentation characteristics of alfalfa and the effect of additives at 30 °C environmental 
temperature. 
 
Materials and Methods Alfalfa was chopped at 2 cm length and four additive treatments 
compared: 1) control (no additive) (CK), 2) previous fermented juice (PFJ), 3) cellulase (CF), 
and PFJ+CF. The PFJ was added at 2ml/kg of fresh alfalfa; CF was added at 0.003% fresh alfalfa, 
and PFJ+CF were added at 2ml/kg and 0.003% of fresh alfalfa, respectively. There were three 
experimental silos per treatment, and silos were stored at a constant temperature of 30 °C. Silos 
were sampled for analysis of fermentation quality at for 1, 3, 5, 7, 14, and 28 days post-filling. 
 
Results and Discussion All additives treatments decreased (P<0.05) pH and acetic acid and 
ammonia-N contents of the alfalfa silages compared to the control silage (Table 1). All three 
additive-treated silages had higher (P<0.05) lactic acid content and numerically higher V-score 
than the control silage. The fermentation profiles of the four silages from days 1-28 are shown in 
Figures 1-6. The pH of the three additive-treated silages decreased rapidly in the first 7 days 
compared to the control silage, and lactic acid content increased rapidly in the first 7 days. The 
control silage had the most rapid accumulation of macetic acid and ammonia-N. 
 
Conclusion All three additives treatments improved the fermentation quality of alfalfa silage in 
an environmental temperature of 30 °C. 
 
Reference 
Ohmomo S, O. Tanaka, H. K. Kitamoto. 2002. Silage and microbial performance, old story but 

new problems. JARQ. 36: 59-71. 
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Table 1. The effect of additives on alfalfa silage fermentation1,2,3 

1C= control; PFJ= previous fermented juice; CF=cellulose; and PFJ+CF=juice + cellulose. 
2LA=lactic acid , AA=acetic acid, PA=propiónic acid, and BA=butyric acid. 
3Means in the same row with different letters differ (P<0.05). 
 

  
Figure 1. pH at days 1-28              Figure 2. Lactic acid at days 1-28             

 
Figure 3. Acetic acid at days 1-28        Figure 4. Propionic acid at days 1-28 

 
Figure 5. Butyric acid at days 1-28       Figure 6. Ammonia-N at days 1-28 
 

LA3 AA3 PA3 BA3 Ammonia3 
Treatment pH3 

% of DM  % of TN 
V-Score 

 

C 5.15a 5.06d 2.43a 0.061 0.059 8.32a    78.6 
PFJ 4.99b 5.91c 1.96c 0.058 0.053 6.78b 82.2 
CF 4.74c 7.02b 1.84b 0.056 0.051 6.09c 83.7 
P+C 4.72c 7.03a 1.49c 0.052 0.050 5.99c 84.0 
SE 0.05 0.25 0.32 0.002 0.03 0.65  
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Comparison of growth, pH fall, lactate and acetate production by Lactobacillus plantarum 
MTD/1 (NCIMB 40027) under different levels of oxygenation 
G. Marley*2, S.J.E. Heron2, R. Heckmann1, and S. Lang1 

1Institute for Biochemistry and Biotechnology, Technical University of Braunschweig, 
Braunschweig, Germany. 2Ecosyl Products Ltd, Roseberry Court, Ellerbeck Way, Stokesley, 
North Yorkshire, UK; Email: gordon.marley@ecosyl.com  
 
Introduction Lactobacillus plantarum strain MTD/1 is probably the most thoroughly researched 
and proven bacterial strain used in silage inoculants, in terms of both fermentation and animal 
performance (Kung & Muck, 1997). This paper aims to identify one of the reasons why MTD/1 
is so successful. 
 
Materials and Methods L. plantarum MTD/1 (NCIMB 40027) growth curves in MRS broth 
were produced at 27°C, using initial glucose concentrations of 15 g/L (F1) and 11 g/L (F2) under 
aerobic and anaerobic conditions in fermenters. Samples were analysed for optical density (λ546 
nm), dry cell weight (DCW) (constant weight drying, 7 days, 80°C), pH, lactate (Reflectoquant 
1.16127) and acetate (Acetic Acid Test / UV method). 
 
Results and Discussion In F1, although growth was rapid under both aerobic and anaerobic 
conditions and both achieved a final stable pH of about 3.8, biomass production was significantly 
higher aerobically (DCW 2.2 g/L vs. 1.5 g/L). This is due to MTD/1’s ability to convert lactate 
to acetate under aerobic conditions, thereby gaining an extra molecule of ATP. A comparison of 
Figures 3 and 4 show similar overall acid production under aerobic and anaerobic incubation 
(13.3 vs. 14.6 g/L) with a bigger proportion of acetate being produced aerobically (8.5% vs 
5.5%).  Glucose utilization, acid production and pH fall were all faster aerobically. In F2, growth 
was less rapid both aerobically and anaerobically, resulting in lower biomass production and a 
slower pH fall (figures not shown).  Anaerobically acetate production was insignificant and a 
stable final pH of about 3.8 was achieved with a biomass of about 0.8 g/L. Aerobic growth was 
faster resulting in a higher biomass (1.45 g/L) and more rapid glucose utilization (28 h v 46 h) 
but once this substrate was exhausted, the bacteria switched to lactate, producing acetate with a 
concomitant increase in pH as acetate is a weaker acid. 
 
Conclusion L. plantarum MTD/1 has been shown to grow under both aerobic and anaerobic 
conditions. It grows faster aerobically, bringing about a more rapid pH fall, and is able to switch 
to using lactate as a substrate if glucose is limiting. MTD/1 is an unusual strain of L. plantarum 
as, unlike most strains, it grows well at the typical pHs found in fresh forage (above pH 6). This, 
and the ability to grow rapidly aerobically, allows it to begin growing rapidly immediately after 
application to the forage and in the early stages of ensiling when the clamp still contains some air, 
giving it a competitive advantage. The rapid increase in bacterial numbers and very fast pH fall 
will prevent undesirable microorganisms proliferating, helping to ensure a good fermentation and 
maximizing the preservation of nutrients. Once conditions in the clamp become anaerobic, 
acidification will continue using the more efficient homofermentative glucose pathway.  
 
Note: The initial lactate and acetate levels in these experiments originated from the MTD/1 
inoculum and sodium acetate present in the MRS broth. 
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Reference 
Kung, L., Jr. and R.E. Muck. 1997. Animal responses to silage additives. Pages 200-210 

in Silage:Field to Feedbunk, NRAES-99. Northeast Reg. Agric. Engng. Serv., Ithaca, NY. 
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Figure 1. Aerobic growth (F1) Figure 2. Anaerobic growth (F1) 
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Figure 3. Aerobic growth (F1)  Figure 4. Anaerobic growth (F1) 
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Figure 5. Aerobic growth (F2)  Figure 6. Anaerobic growth (F2) 
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A first screening of LAB strains as inoculants for tropical legume silages 
S. D. Martens and J. F. Abello  
International Center for Tropical Agriculture (CIAT), Cali, Colombia; 
E-Mail: s.martens@cgiar.org 
 
Introduction In Europe and North America a vast range of products based on lactic acid bacteria 
(LAB) as inoculants for ensiling is commercially available and approved on a voluntary basis. In 
contrast, this is not the case for major areas of the tropics. It is documented, that the application 
of appropriate LAB inoculants can significantly improve the quality of the fermentation. 
However, a particular bacterial composition might be more suitable for one forage than another. 
Besides making existing products more readily available for use in the tropics, a new bacteria 
selection for tropical forages could be useful as the composition of tropical plants, i.e., due to 
secondary plant compounds, differs widely from temperate forages. Also, the use of the tropical 
silage might target a broader range of farm animals, including non-ruminants, which implies 
other specifications for the feed. 
 
As a first step in this study, LAB were isolated from silages made from tropical legumes and/or 
Ipomoea batatas (sweet potato) tubers and from samples generated by the “Rostock 
Fermentation Test” (RFT) (Zierenberg et al., 2001) with the same plant material and were 
screened afterwards by the RFT vs. a commercial inoculant. The speed of acidification is of 
major importance for the ensiling success to impede competitors, such as enterobacteria and 
clostridia, and reduce losses in quantity and quality. This test is suitable for a first pre-selection 
of potential inoculants. 
 
Materials and Methods Lab scale silages from 6, 8, 10, and 12 weeks old Vigna unguiculata 
and 8, 12, 16 and 20 weeks old Canavalia brasiliensis forage were produced with prior pre-
wilting and chopping, solely or in mixture with sweet potato tubers, and stored for 3 months at 
25º C. After opening the silos for silage quality evaluation according to the DLG score (Martens 
et al., 2008a), LAB were cultivated on solid MRS or Rogosa medium respectively (De Man et al., 
1960; Rogosa et al., 1951) for 3-5 days at 35º C. The other option was to recuperate LAB from 
the RFT made with the same fresh material (Martens et al., 2008b). The bacteria were then 
isolated randomly and, after multiplication in MRS broth, stored at -80º C in glycerol medium. 
To evaluate their effectiveness in lactic acid fermentation with material difficult to ensile, 
preparing the RFT, Canavalia brasiliensis was harvested, chopped, and macerated; and stored at 
-20º C. Prior to the in-vitro study the LAB strains were grown on MRS agar, and thereafter 
single colonies were cultivated in 40 ml MRS broth for 1 day prior to their use as an inoculant. 
The concentration was estimated by measuring the optical density OD600. For the rapid 
fermentation test 50 g of the macerated forage material was weighed into a sterilized glass 
beaker, 2% sucrose on FM base (i.e., 1.0 g) was added to prevent a shortage of water soluble 
carbohydrates (WSC). Distilled water (200 ml) was poured on the top. LAB strains grown in 
MRS broth (100 µl; 1000 µl /strain Ti 5) were inoculated into the medium in triplicate. As a 
control, a commercially available Pediococcus acidilactici preparation was utilized in the 
concentration recommended by the manufacturer. The samples were covered with sterile 
aluminum foil and incubated at 35º C for 2 days.The pH was measured at the beginning and after 
about 20, 26, 43, and 51 hours of incubation.  
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Results and Discussion Only a selection of the results from 9 out of 21 LAB strains tested plus 
the control are presented. The OD600 (20h) of the different strains prior to inoculation is shown in 
Table 1. The pH development, starting at 10 h of incubation with an initial pH of 5.6 at 0 h is 
shown in Figure 1. Strains with the slowest growth in MRS broth, Ti 5 and Tvi 21.3, could not 
make up in the legume medium either. However, among the pure strains isolated from the silages, 
several exhibited desirable traits in terms of rate of fermentation, even surpassing the commercial 
product under some conditions. 
 
Conclusions In this study a selection of promising LAB strains was isolated and tested. Further 
steps will imply the phylogenetic characterization by molecular tools to exclude the risk of 
working with identical isolates. The idea is to evaluate their capability to reduce anti-nutritive 
compounds, to influence the amino acid pattern favorably and their probiotic potential; and 
finally to enable and promote tropical silage feeding to swine and other marketable monogastric 
farm animals.  
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Table 1. OD600 (20h) of the different LAB strains prior to inoculation in silage medium 
 Tiii 15 Tiii 5.2 S 94.1 Ti 5 Tiv 4.8 Tiv 17.6 Tvi 21.3 S 15.5 S 66.7 
OD600 20 h  2.0 2.0 1.9 0.1 2.0 2.0 0.7 2.0 2.0 

 
Figure 1. pH decline in Canavalia 
brasiliensis medium inoculated with 
different LAB isolates during 2 days of 
incubation at 35º C 
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The effect of dry matter concentration on the bacterial community composition  
of baled silage 
J. McEniry1,2, P. O’Kiely1, N.J.W. Clipson2, P. D. Forristal3, and E. M. Doyle2 
1Teagasc, Grange Beef Research Centre, Dunsany, Co. Meath, Ireland, 2UCD School of Biology 
and Environmental Science, Belfield, Dublin 4, Ireland, 3Teagasc, Crops Research Centre, Oak 
Park, Carlow, Ireland; Email: joseph.mceniry@teagasc.ie 
 
Introduction Wilting is an integral part of baled silage production as it creates conditions 
inhibitory to the activity of undesirable microorganisms. Furthermore, it also has practical 
benefits relating to the number of bales ha-1, their individual weights, and their ability to retain 
their shape during storage. This study investigated the effects of herbage dry matter (DM) 
concentration on bacterial community composition during ensiling, employing conventional 
methods of microbial analysis and culture-independent Terminal Restriction Fragment Length 
Polymorphism (T-RFLP).   
 
Materials and Methods Herbage was ensiled in cylindrical bales after both a 0 (185 ± 7.0 g DM 
kg-1) and 48 (406 ± 29.8 g DM kg-1) h wilt period. Triplicate bales at each DM were core 
sampled prior to ensiling (day 0) and after 2, 6 and 14 d of ensiling. Specific bacteria were 
enumerated on selective media pre- and post-ensiling (McEniry et al., 2006). Total bacterial 
DNA was extracted from all silage samples (McEniry et al., 2008), and the bacterial 16S small 
subunit rRNA gene was amplified using primer set F27 and R1492. A terminal restriction 
fragment (TRF) profile was created using endonuclease Msp1 (Liu et al., 1997), and TRF lengths 
were determined by electrophoresis using an automated sequencer (Beckman Coulter, CEQ2000).  
Bacterial count data, pH, and lactic acid concentration were subjected to two-way analysis of 
variance (2 x 4 factorial) using the GLM procedures of SAS, v.8.2. The gross similarity of TRF 
profiles between samples was examined using the Bray Curtis index as a measure of similarity. 
Bacterial community profiles were analysed using Primer software (Primer-E Ltd., UK), and 
used to create nonmetric multidimensional scaling (MDS) plots for the dataset. The greater the 
distance between samples on an MDS plot, the larger the dissimilarity relationship (i.e., 
difference in bacterial community composition) between the samples.   
 
Results and Discussion Although lactic acid bacteria (LAB) numbers were higher in the high 
DM compared to the low DM herbage on day 0, numbers were lower (P < 0.001) for the high 
DM treatment at each subsequent stage of ensiling (Table 1). The decline in Enterobacteria 
numbers after day 2 was greatest (P<0.01) for the low DM herbage.  Clostridia numbers 
increased (P<0.01) slightly in the low DM herbage during ensiling.  Silage fermentation 
proceeded rapidly after ensiling as plant cells lysed under anaerobic conditions. Fermentation 
was more restricted in the high DM herbage as evidenced by the lower LAB numbers and higher 
Enterobacteria numbers. The low degree of clostridia activity in the high DM herbage reflects 
the inhibitory effects of high DM concentration on Clostridia.  Figure 1 reveals a shift in 
bacterial community composition as the fermentation proceeded (e.g., between days 0-2 for the 
low DM herbage), but also a marked shift in response to DM concentration (low DM herbage 
located in top half of MDS plot). Bacterial composition for day 0 and day 2 of the high DM 
herbage were closely related suggesting a slower onset of fermentation. 
Conclusions Herbage DM concentration has a major effect on silage bacterial composition and, 
in turn, on the outcome of preservation. While conventional methods of microbial analysis reveal 
differences in the numbers of bacteria present, T-RFLP can provide greater insight into the 
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changes in bacterial community composition and can provide an overview of the whole 
community in one assay. 
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Table 1. Treatment effects on herbage pH, lactic acid concentration (g kg-1 DM), and bacterial 
composition (Log10 colony forming units/g herbage) 

    Bacterial composition 
DM Time (d) pH LA Lactic acid 

bacteria 
Enterobacteria Clostridia Bacilli 

Low 0 6.2 18 4.7 3.5 1.2 2.2 
Low 2 4.6 47 8.3 6.0 0.6 1.8 
Low 6 4.0 66 7.6 3.2 1.3 2.2 
Low 14 4.1 83 9.3 0.5 2.3 1.8 
High 0 6.4 2 5.7 4.5 1.2 2.0 
High 2 5.8 12 6.7 4.2 1.3 1.5 
High 6 4.8 14 7.1 3.5 1.2 1.6 
High 14 4.8 15 7.6 2.0 1.4 1.6 
 s.e.m. 0.11 3.78 0.20 0.36 0.18 0.19 
Levels of significance       
DM *** *** *** NS NS * 
Time *** *** *** *** ** NS 
DM x Time ** *** *** ** ** NS 
DM = dry matter; LA = lactic acid; * = P < 0.05, ** = P < 0.01, *** = P < 0.001, NS = not significant; s.e.m. 
relates to the interaction between DM and time. 
 
Figure 1. MDS ordination plot of T-RFLP data for low (full symbols) and high DM (empty 
symbols) herbages on days 0 (▲), 2 (■), 6 (♦) and 14 (●) of ensilage.  Note: Samples plotted 
close together represent herbages of similar bacterial community composition  
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Characterization and measurement of VOC emissions from silage 
F. Montes, S. Hafner, and C. A. Rotz  
USDA, ARS, Pasture Systems and Watershed Management Research Unit, University Park, 
Pennsylvania 16802, U.S.A.; Email: felipe.montes@ars.usda.gov 
 
Introduction Volatile organic compounds (VOC) are important components in the production 
of ground ozone pollution. Ozone pollution causes respiratory problems and can cause 
premature death. VOC emissions from animal agriculture are thought to be a large fraction of 
total VOC emissions in areas such as the San Joaquin Valley of California due to the large 
number of concentrated animal feeding operations (EPA, 2008). Feeds, especially silage, are a 
major source of VOC emissions (Card and Schmidt, 2006); however, there is much uncertainty 
as to the magnitude of VOC emissions from farms. The objectives of this study were to: 
measure emissions of the most important VOCs emitted from silage; characterize emission 
patterns; and determine the effects of temperature, air velocity and silage type on emissions.  
 
Materials and Methods VOC emissions from silage were measured under controlled 
temperature, humidity and air velocity using a wind tunnel system. Corn, alfalfa and mixed 
grass-legume silage samples obtained from the Penn State dairy farm were exposed to clean air 
flow inside the wind tunnel. Concentrations of ethanol, methanol and acetic acid in the exhaust 
were measured using an Innova 1412 photoacoustic gas monitor (LummaSense Technologies, 
Ballerup, Denmark). Emission rates were calculated as the product of air flow rate and the 
concentration of each VOC. Trials were run for 24 hours to determine the pattern of emissions 
and for 8 hours to determine the effect of silage material, temperature and air velocity on VOC 
emissions.  Ethanol and acetic acid concentrations within silage (bulk concentrations) were 
determined by a commercial laboratory (Agri-King, Fulton, Illinois, USA).  
 
Results and Discussion Emissions of all three VOC were high at the start of each trial, declined 
rapidly over the next 2 h, and then slowly declined over a 24 h period (Figure 1). Although this 
general pattern was maintained, the magnitude of emissions differed among the VOC measured. 
Corn silage had the highest ethanol emissions and the lowest methanol and acetic acid emissions. 
Alfalfa silage had the highest methanol emissions and the mixed grass-legume silage had the 
lowest ethanol emissions (Table 1).  Bulk concentrations generally explained differences in VOC 
emissions among materials but not among compounds. A change in temperature from 5°C to 
20°C resulted in more than a doubling of 8 hour cumulative emissions. Air velocity also had an 
important effect on cumulative emissions. Therefore, previous measurement methods using very 
low air flow, such as the EPA-approved emission isolation flux chamber, will not provide 
representative estimates of VOC emissions in the field. Volatile organics other than ethanol, 
methanol and acetic acid were present in the air stream which could have interfered with the 
photoacoustic measurement of gas concentrations. Therefore, cumulative emissions presented 
should be used for relative comparisons and not be taken as absolute values.   
 
Conclusions Silage can be an important source of ethanol, methanol and acetic acid emissions.  
The magnitude of emissions is dependent on silage type, temperature, air velocity and the time 
the material has been exposed to circulating air.  These effects should be taken into 
consideration when predicting emissions and designing measurement approaches. 
 
Acknowledgements This work was partially funded by the National Milk Producer’s Federation  
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Table 1. Measured cumulative 8-hr emissions 
Trial Cumulative emissions (g/m2) 

 
Silage type  Silage 

density 
(kg/m3)1

Temp
(°C) 

Air 
velocity 

(m/s) 
Ethanol Methanol Acetic acid 

1 Corn - Bunker    636 20 0.5 78 (145)2 4.1 (6.3) 10 (21) 
2 Corn - Bunker    592  20 0.5 21  0.02  3.5  
3 Corn - Bunker    241 20 0.5 38 (77) 1.1 (1.3) 3.8 (8.1) 
4 Corn - Bag  297  20 0.5 102  4.9  6.7  
5 Corn - Bag  278  20 0.5 104  6.2  7.1  
6 Corn - Bag  263 20 0.5 91  5.1  7.0  
7 Corn - Bag  275 5 0.5 33 (69) 2.2 (5.0) 2.7 (5.7) 
8 Corn - Bag  266 20 0.2 33  1.6  2.5  
9 Corn - Bag  263 20 1.6 116  3.9  12  

10 Mixed grass legume - Bag 284  20 0.5 51  39  22  
11 Alfalfa - Bag  203  20 0.5 11  25  18  

1Reported densities are on an as-sampled basis.  
2Where available, 24-hr cumulative emissions are given in parentheses.  

 

 
Figure 1. Corn, mixed grass-legume and alfalfa silage emission rates and 8 h cumulative 
emissions (trials 6, 10 and 11). 
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Effects of silo type on silage quality and losses 
R. E. Muck, G. A. Broderick, and G. E. Brink 
USDA, ARS, US Dairy Forage Research Center, Madison, Wisconsin 53706, U.S.A.; Email: 
richard.muck@ars.usda.gov 
 
Introduction Three of the most common silo types in the United States are tower, bunker and 
pressed bag silos. Expectations are that tower silos should have the lowest losses and bunker 
silos the highest. While losses in different silos may differ, few comparisons across silo type 
have been reported. We split second cutting alfalfa among an O2-limiting tower, a bunker and a 
bag silo to determine how storage structure affected alfalfa silage quality and losses. 
 
Materials and Methods A study was conducted over two years, 2004-2005. Each year, second 
cutting alfalfa was ensiled in one bunker silo (4.9 x 21 x 3.5 m), one pressed bag silo (2.4 x 52 
m) and one O2-limiting silo (4.3 x 15 m). All three silos were filled from the same fields, with 
approximately one half of each field allocated to the bunker silo and one quarter to each of the 
other silos. We attempted to fill silos at recommended dry matter (DM) contents: 35-40% DM 
for the bunker and bag, 45-50% DM for the O2-limiting silo. All three silos were opened 
simultaneously in late spring and emptied through the summer. Losses were determined by 
weighing and sampling all loads of alfalfa ensiled and all silage removed from the silos. 
 
Results and Discussion In both years, excellent drying conditions allowed the silos to be 
completely filled in two days but was also responsible for the alfalfa being drier than our targets 
especially in the bag and bunker silos (Table 1). There were some significant differences in the 
quality of the alfalfa across the three silos at ensiling even though the magnitudes of those 
differences were relatively small. In 2004, the alfalfa put in the O2-limiting silo was of slightly 
lower quality (i.e., higher fiber and lower crude protein concentrations) than that entering the 
bunker, with the bag being intermediate. In 2005, the alfalfa entering the bag was the lowest in 
quality, and the bunker again received the best quality. 
 
In both years, the average feed-out rates from the silos (Table 2) were at or above recommended 
levels (10, 15 and 30 cm/d for tower, bunker and bag silos, respectively). Spoiled silage that was 
not fed to cattle was 3% or less of that ensiled except for the bunker silo in the first year. On 
average, spoilage loss was 0.1, 1.5 and 4.6% of DM ensiled for the tower, bag and bunker, 
respectively. Invisible losses from fermentation and respiration were lowest for the O2-limited 
tower silo. Averaged over the two years, total losses were 4.3, 11.3 and 16.9% for the tower, bag 
and bunker, values in agreement with other research (e.g., Savoie and Jofriet, 2003; Muck and 
Holmes, 2006). In the first year, the quality of the silage fed was highest for the bag, and tower 
and bunker silages were generally of similar quality. In the second year, the tower generally had 
the highest quality and the bunker the lowest quality. 
 
Conclusions Losses were lowest in the O2-limiting tower silo and highest in the bunker silo. 
Not only were losses higher in the bunker, but those losses negatively affected the quality of the 
bunker silage relative to that of the silage removed from the other two silos. 
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Table 1. Comparison of alfalfa characteristics (g/kg DM except as noted) at ensiling between 
the three silo types in both years 
 2004 Harvest 2005 Harvest 
Item O2-

Limited 
Bag Bunker O2-

Limited 
Bag Bunker 

DM Content, g/kg  529a 487b 493b 545d 423e 427e 
Est. DM Density, kg/m3 ND1 170 290 ND 200 310 
Neutral Detergent Fiber 402a 384ab 368b 343de 361d 332e 
Acid Detergent Fiber 304a 290ab 275b 264de 278d 252e 
Acid Detergent Lignin 82a 74b 71b 67e 76d 65e 
Crude Protein 213b 222ab 228a 250de 238e 253d 
Acid Detergent Insoluble 
N, g/kg CP 

79a 70b 71b 62 61 58 

Ash 67ab 74a 66b 87 85 92 
Neutral Detergent Fiber 
Digestibility, g/kg NDF 

484 492 473 481d 462e 493d 

a,b;d,eMeans within the same harvest with different superscripts differ (P ≤ 0.05). 
1Not determined 
 
Table 2. Comparison of losses and non-spoiled alfalfa silage characteristics (g/kg DM except as 
noted) between the three silo types in both years 
 2004 Harvest 2005 Harvest 
Item O2-

Limited 
Bag Bunker O2-Limited Bag Bunker 

Invisible Loss, % DM 7.0 9.5 9.1 1.5 10.2 15.3 
Spoilage Loss, % DM 0.1 2.7 6.5 0.0 0.2 2.9 
Total Loss, % DM 7.1 12.2 15.6 1.5 10.5 18.2 
Avg. Feed Out Rate, cm/d 10 43 15 16 60 17 
DM Content, g/kg  475 486 464 478d 409e 366f 
Neutral Detergent Fiber 380a 355b 377a 385f 398e 421d 
Acid Detergent Fiber 294a 268b 289a 304f 317e 331d 
Acid Detergent Lignin 85 83 87 76f 82e 89d 
Crude Protein 220b 224ab 229a 231 230 225 
Acid Detergent Insoluble 
N, g/kg CP 

55a 47b 51ab 60e 59e 79d 

Ash 85 96 87 86 92 95 
Neutral Detergent Fiber 
Digestibility, g/kg NDF 

492b 520a 496b 466d 437e 442e 

pH 4.48b 4.64a 4.68a 4.30e 4.94d 4.91d 
Lactic Acid 51 47 49 58d 49e 33f 
Acetic Acid 9.3b 9.0b 14.1a 13.5f 22.0e 30.1d 
a,b;d,e,fMeans within the same harvest with different superscripts differ (P ≤ 0.05). 
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Influence of cover type on silage quality in bunker silos 
R. E. Muck1 and B. J. Holmes2 
1USDA, ARS, US Dairy Forage Research Center, Madison, Wisconsin 53706, U.S.A., 
2University of Wisconsin-Madison, Madison, Wisconsin 53706, U.S.A; Email: 
richard.muck@ars.usda.gov 
 
Introduction The most common covering on bunker and pile silos is 150 - 220 µm thick 
polyethylene film held in place by used tires and/or tire sidewalls. An alternative system 
(Silostop two-step) has been developed that uses a new plastic formulation (clear, 45 µm thick 
but more impermeable to oxygen), plastic on the walls as well as the top, a reusable woven 
plastic tarp to protect the clear plastic, and gravel bags at the walls and seams to hold the plastic 
and tarp in place. The same company has also developed a white plastic film with similar oxygen 
permeability characteristics as their clear film, but with handling properties like standard white 
polyethylene film (Onestep). 
 
Materials and Methods In six trials (four in maize, two in alfalfa), the Silostop two-step 
covering system was compared to a 220 µm thick white polyethylene film top sheet, secured to 
the crop by tires and tire sidewalls and no side wall film. In each trial a single bunker silo was 
split in half, front to back. One covering system was used on the back half and the other on the 
front half. Immediately before covering, core samples were taken on the top of the forage at 0-
15, 15-30, 30-45 and 45-60 cm depth and at various locations (60 cm from the wall and in the 
center) for each half. When the silos were opened for feeding, samples were again taken at 
similar locations. Another trial compared the Onestep film with 220 µm thick white 
polyethylene film. Two bunkers, filled simultaneously with maize, received both covering 
treatments. The Onestep was used on the front half in one silo and back half in the other. Side 
wall film was used on both treatments. The Onestep was anchored with gravel bags around the 
perimeter and across the middle of sheets while the white polyethylene film was covered with 
tires and sidewalls. 
 
Results and Discussion In five of six trials, the Silostop two-step system substantially improved 
the quality of silage immediately beneath the cover (0-15 cm) at 60 cm from the bunker walls. 
This was shown by the higher pH and ash content for the white polyethylene near the wall. 
Based on the increase in ash content during ensiling, dry matter loss in the top 15 cm near the 
wall was on average 17 and 13 percentage units higher under the white polyethylene than the 
Silostop system for the two alfalfa and three of the four maize silage bunkers, respectively. At 
deeper locations or in the middle of the top surface, the two systems generally had similar pH 
values and ash contents, indicating little difference in dry matter recovery. Even where pH and 
ash content were not significantly affected by the covering system, lactate/acetate ratio was 
higher or tended to be higher in the top 30 cm under the Silostop system, both at the wall and in 
the middle of the top surface (Table 1). This is additional evidence the Silostop system was more 
effective at excluding oxygen.  In one maize silage bunker, the Silostop system did not provide 
an advantage over the white polyethylene. This occurred because of an inadequate overlap and 
seal between the wall sheet and top sheet of plastic film in the Silostop treatment. This indicates 
that careful management is needed for the Silostop system to work properly. In the trial with the 
Onestep film, both films gave similar results (Table 2). Greater differences occurred from 
location (front half having more spoilage than back; wall sampling locations being of poorer 
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quality than center locations). The Onestep film did billow in the wind, and perhaps drew more 
air under the cover negating the effects of the reduced oxygen permeability of that film. 
 
Conclusions The Silostop two-step system produced noticeably less spoilage on the top 15 cm of 
bunker silos near the walls in both alfalfa and corn silage. Differences in dry matter recovery in 
the center of the top or at deeper levels were much smaller, but fermentation analysis suggested 
better oxygen exclusion in those areas by the Silostop system. The Onestep film did not perform 
appreciably better than white polyethylene film in one trial. 
 
Table 1. Characteristics of silage in the center of different bunker covers in two trials 
Cover Treatment Depth, cm pH Lactic Acid, 

g/kg DM 
Acetic Acid, 

g/kg DM 
L:A 

Alfalfa      
White polyethylene 0 – 15 4.89 25 40 0.6 
Silostop two-step 0 – 15 4.82 45 22 2.1 
White polyethylene 15 – 30 4.82 45 17 2.6 
Silostop two-step 15 – 30 4.75 38 14 2.7 
Maize      
White polyethylene 0 – 15 4.02 32 16 2.0 
Silostop two-step 0 – 15 3.98 30 12 2.6 
White polyethylene 15 – 30 4.00 41 14 2.9 
Silostop two-step 15 – 30 3.97 39 12 3.1 
 
Table 2. Comparison of maize silage characteristics (g/kg DM) at the top of two bunker silos 
covered half and half with white polyethylene and Silostop Onestep films 
 Bunker 1 Bunker 2 
Sample Location 
and Depth 

pH Lactic 
Acid 

Acetic 
Acid 

pH Lactic 
Acid 

Acetic 
Acid 

White Polyethylene Film Back Half Front Half 
Near Wall, 0-15 cm 4.09 29 13 6.02 7 6 
     15-30 cm 3.98 45 15 4.18 37 22 
     30-45 cm 3.86 55 16 3.88 49 18 
     45-60 cm 3.84 54 17 3.84 51 13 
Center, 0-15 cm 3.84 47 20 4.91 23 10 
     15-30 cm 3.84 51 17 3.85 49 19 
     30-45 cm 3.79 60 18 3.82 39 13 
     45-60 cm 3.79 58 17 3.82 37 11 
Onestep Film Front Half Back Half 
Near Wall, 0-15 cm 5.80 3 7 3.90 31 15 
     15-30 cm 4.28 26 14 3.87 50 21 
     30-45 cm 3.96 48 15 3.84 52 16 
     45-60 cm 3.88 55 15 3.82 53 12 
Center, 0-15 cm 4.62 8 11 3.81 38 16 
     15-30 cm 4.25 28 21 3.84 53 20 
     30-45 cm 3.90 49 17 3.84 55 15 
     45-60 cm 3.86 57 15 3.84 57 14 
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Effects of Lactobacillus buchneri on fermentative profile and microbial population  
in sugar cane silages  
G. B. Muraro, G. B. Mourão, B.N.F.S. Travagin, M. Zopollatto, R. C. Amaral, S. G. Toledo 
Filho, and L. G. Nussio 
Escola Superior de Agricultura “Luiz de Queiroz”- ESALQ / University of São Paulo, 
Piracicaba 13418-900, São Paulo, Brazil; Email: gbmuraro@esalq.usp.br  
 
Introduction Sugar cane silage has been used frequently by farmers in Brazil because this crop 
has the potential to produce high amounts of biomass and sugar per area, and the maturity stage 
is reached during the dry winter season. However, when sugar cane is ensiled without additives, 
the uncontrolled ethanol fermentation performed by the action of naturally occurring yeasts in 
the material can reduce the nutritive value of this forage. Ethanol is produced mainly through 
fermentation of sugars by yeasts in a metabolic process that leads to approximately 49% loss of 
substrate (McDonald et al., 1991). Lactobacillus buchneri has been used in the ensiling process 
of sugar cane to inhibit the growth of yeasts by the production of acetic acid. However, the 
results of this heterolactic microorganism are not consistent. Ennahar et al. (2003) states many 
factors can affect silage fermentation and the type of microorganisms that dominate the process 
often dictates the quality of the silage. In this context, the objectives of this study were to 
evaluate the microbial population and fermentative profile of two sugar cane varieties ensiled 
with or without microbial additive.  
 
Material and Methods The varieties SP83-2847 and SP91-1049 were cultivated in a red-yellow 
latossol and grown in the same agronomic and climatic conditions. Those varieties were 
harvested at 12 m of vegetative growth at about 33% DM and 22º brix. Fresh sugar cane was 
processed in a stationary chopper, untreated or treated with Lactobacillus buchneri (Lallemand 
Animal Nutrition, Milwaukee) at a theoretical rate of 4 x 105 cfu/g forage. Approximately, 600 g 
of fresh forage was ensiled in vacuum- and heat-sealed bag silos (quadruplicate per treatment) 
and stored for 5, 9, 13, 45 and 90 days. At the time of opening, silage samples were taken and 
analyzed for pH, fermentation end products and microbial populations. Samples were pour-
plated in MRS agar (Oxoid CM361) and YGC (Fluka 95765), for lactic acid bacteria (LAB) and 
yeast and molds respectively; the plates were incubated aerobically at 32ºC for 48 h before 
enumeration of colonies. Data were analyzed with the MIXED procedure (SAS Institute, 2002) 
and statistical significance was declared at the 5% level. 
 
Results and Discussion There were no variety x treatment x time interactions for all the 
variables analyzed except yeast population. Tables 1 and 2 show the main effects of varieties and 
treatment for DM content, pH, acetic acid and microbial population. Across time and treatments, 
the variety SP83-2847 showed higher dry matter content and number of lactic acid bacteria 
colonies. This variety showed also a lower population of yeasts during the fermentation process. 
The inoculation of sugar cane with heterolactic bacteria at the time of harvesting increased the 
number of LAB and favored the production of acetic acid. Treated silages had also lower pH and 
reduced number of yeast at the time of opening when compared with untreated silages.  
 
Conclusions The variety of sugar cane used for silage production can influence the fermentation 
profile of silages by altering the microbial population during the storage period. Also, microbial 
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inoculants can be used to alter the epiphytic microflora of sugar cane, increasing the number of 
LAB and decreasing the growth of undesirable microorganisms. 
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Table 1. Main effect of varieties on DM content, pH, acetic acid and microbial population of 
sugar cane silages 

Variety Item SP83-2847 SP91-1049 SEM P value 

DM (%) 32.13 30.40 0.17 0.01 
pH 3.34 3.35 0.02 0.53 
Acetic acid (% of DM) 2.33 2.59 0.10 0.16 
LAB (log10 CFU/g) 7.85 7.38 0.08 0.01 
Yeast (log10 CFU/g) 4.67 4.97 0.06 0.02 
 
Table 2. Main effect of microbial additive on DM content, pH, acetic acid and microbial 
population of sugar cane silages 

Treatment Item Control LBC1 SEM P value 

DM (%) 30.46 32.06 0.22 0.01 
pH 3.40 3.29 0.01 0.01 
Acetic acid (% of DM) 2.15 2.76 0.12 0.01 
LAB (log10 CFU/g) 7.20 8.02 0.08 0.01 
Yeast (log10 CFU/g) 5.31 4.33 0.08 0.01 
1 Lalsil Cana inoculant (Lallemand Animal Nutrition, Milwaukee, WI). 



 

XVth International Silage Conference Proceedings 281 

An evaluation of the effectiveness of Lactobacillus buchneri to control total losses and 
improve the aerobic stability of two sugarcane varieties harvested for silage 
L. G. Nussio1, R. C. Amaral1, G. B. Muraro1, B. Domeniconi1, V. P. Santos1, A.L.B. 
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Introduction Sugar cane is an important crop in the Brazilian agribusiness today, which can be 
used for sugar and alcohol production and also for animal feeding. Some benefits of this plant for 
ruminant nutrition include high dry matter yield and high nutritive value at dry winter season. 
The utilization of this forage as silage is also an alternative; however uncontrolled growth of 
yeasts during the fermentative phase can result in dry matter losses and poor nutritive value. 
Yeasts are naturally present in sugar cane plants. These microorganisms can survive at low pH 
and are not inhibited by lactic acid (Kung et al., 2003). During the fermentation process, yeasts 
ferment sugars to ethanol and CO2 and after silo opening they can oxidize sugar to CO2 and 
water. Several experiments have shown that the use of Lactobacillus buchneri as silage inoculant 
may reduces ethanol production and improve aerobic stability. Ranjit and Kung (2000) observed 
that these heterolactic bacteria increased acetate production and reduced the growth of yeasts in 
corn silage. However, studies with sugar cane added with L.buchneri showed inconsistent results. 
The hypothesis of this study is that diferences in the microbial epiphitic population of sugar cane 
varieties might affect the performance of the additive. The objective of this study was to compare 
the effect on fermentation losses and aerobic stability of two sugarcane varieties inoculated with 
L. buchneri.  
 
Materials and Methods Sugarcane varieties SP83-2847 and SP91-1049 were grown in a red-
yellow latossol soil under  same agronomic and climatic conditions. Those varieties were 
harvested at 12-m of vegetative growth at about 33% of DM and 22º brix. Fresh sugarcane was 
processed in a stationary chopper, untreated or treated with   Lactobacillus buchneri (Lallemand 
Animal Nutrition, Milwaukee) at a theoretical rate of 4 × 105 cfu/g of forage). Approximately 13 
kg of fresh forage was ensiled in 20-L plastic buckets (quadruplicate per treatment). Samples of 
fresh forage were collected and counted for acid lactic bacteria (LAB) and yeasts. Samples were 
pour-plated in MRS agar (Oxoid CM361) and YGC (Fluka 95765), for LAB and yeast 
respectively; the plates were incubated aerobically at 32ºC for 48 h before enumeration of 
colonies. After 90 days of fermentation, the experimental silos were opened and samples were 
taken and analyzed for pH, acetic acid and water soluble carbohydrates content. Total and 
gaseous losses and effluent production were calculated according to Jobim et al. (2007), and 
aerobic stability was measured during 10 days of air exposure. Data were analyzed with the 
PROC MIXED (SAS Institute, 2002) and statistical significance was declared at the 5% level. 
 
Results and Discussion There were no variety × treatment interactions for all the variables 
analyzed. The yeast population prior the ensiling did not show any effects on variety and 
treatment. Table 1 and 2 shows the main effects of varieties and treatment for DM content, pH, 
aerobic stability, effluent and gases production and DM recovery. Varieties differed 
significantly  across the fermentation variables studied, even tough they were similar when 
agronomic background and original nutritive value were considered. Aerobic stability was 
numerically different within the varieties, however due the high SEM there were no significant 
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differences. Addition of microbial additive was able to reduce the gases losses and increase the 
DM recovery, however no differenceswere observed for aerobic stability. Yeasts activity may 
be reduced by the acetic acid content, however, during the present trial the production of this 
antifungic was not different between control and LBC silages. 
 
Conclusions The sugarcane variety ensiled may influence the fermentation profile which will 
result in different fermentative losses. The addition of L. buchneri was efficient to reduce the 
gases losses and increase the DM recovery rate.  
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Table 1. Mean effect  of varieties on DM content, pH, aerobic stability, effluent production, 
gases loses and DM recovery of sugarcane silages 

Variety Item SP83-2847 SP91-1049 SEM P value 

DM (%) 31.74 26.62 0.41 0.01 
pH 3.20 3.27 0.02 0.07 
Effluent production (kg ton-1) 22.58 32.32 1.28 0.01 
Gases loses (% of DM) 8.59 25.98 2.45 0.01 
DM recovery (% of DM) 89.29 71.50 2.36 0.01 
Aerobic stability (h) 62.63 34.63 11.90 0.21 
 
Table 2. Mean effect (average across two varieties) of treatment on DM content, pH, aerobic 
stability, effluent production, gases loses and DM recovery of sugarcane silages 

Treatment Item Control LBC1 SEM P value 

DM (%) 27.89 30.47 0.75 0.07 
pH 3.29 3.18 0.01 0.02 
Effluent production (kg ton-1) 28.22 26.69 1.40 0.47 
Gases loses (% of DM) 21.45 13.13 1.99 0.03 
DM recovery (% of DM) 76.28 84.50 1.91 0.03 
Aerobic stability (h) 50.50 46.75 14.03 0.86 
1 Lalsil Cana inoculant (Lallemand Animal Nutrition, Milwaukee, WI). 
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Introduction The effect of microbial additives on the nutritive value of inoculated silages is still 
inconsistent. Some studies have shown positive effects (Kung Jr. and Ranjit, 2001; Kamarloiy 
and Yansari, 2008) and other no effects (Hunt et al., 1993; Kung et al., 1993) of microbial 
inoculation. The objective of this trial was to estimate the nutritive value of corn silage treated 
with Propionibacterium acidipropionici, alone or in association with Lactobacillus buchneri. 
 
Material and Methods Corn plant were harvested at 35.4% mean dry matter content. 
Approximately 13 kg of chopped material was conditioned into 20-L plastic buckets, sealed with 
tight lids containing Bunsen valves. Four replicates were prepared for each treatment, totalizing 
sixteen experimental silos. Treatments were completely random assigned as follows: Control, 
forage without microbial additive; LB, forage inoculated with Lactobacillus buchneri (5x104 
CFU/g – fresh forage); PP, forage inoculated with Propionibacterium acidipropionici (1.2x105 
CFU/g – fresh forage); and LB+PP: forage inoculated with a mix of L. buchneri (2.5x104 CFU/g 
– fresh forage) and P. acidipropionici (9x104 CFU/g – fresh forage). Experimental silos were 
opened after 104 days storage and analyzed for dry matter (DM) and ash (AOAC, 1990) and 
crude protein (Wiles et al., 1998). NIR Spectroscopy was used to predict NDF, ADF, 
hemicellulose, cellulose, acid detergent insoluble nitrogen, ether extract, starch and in vitro true 
digestible organic matter content. 
 
Results and Discussion The LB added silages showed higher (P<0.01) dry matter content than 
the control treatment (Figure 1). There was no difference across all treatments for ash, crude 
protein, neutral detergent fiber, hemicellulose, acid detergent fiber, cellulose, acid detergent 
insoluble nitrogen, ether extract, starch and in vitro true digestible organic matter content (Table 
1). There was a trend (P=0.16) for lowered NDF content for the LB inoculant applied exclusively, 
when compared to the other treatments. Even tough, it was not significant the trend was also 
observed for ADF, cellulose and the increased proportion of starch in those silages. It might be 
due to the esterase activity typical of the heterolactic bacteria as reported to the L. buchneri 
(Nsereko et al., 2008). 
 
Conclusions The microbial additives evaluated had no effect on the nutritive value of corn 
silages, either applied exclusively or combined. 
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Table 1. Nutritive value of corn silages treated with microbial additives 
 Treatments2  

Variables1 Control LB PP LB+PP 
SEM3 P value 

DM, % 34.88b 36.15a 35.77ab 35.65ab 0.17 0.03 

Ash, DM% 4.88 5.01 5.08 5.04 0.07 0.84 

CP, DM% 3.78 3.79 3.76 3.78 0.005 0.43 

NDF, DM% 45.25 43.44 45.13 48.73 0.85 0.16 

HEM, DM% 25.17 24.84 25.33 26.55 0.40 0.50 

ADF, DM% 22.24 21.09 22.26 24.60 0.56 0.15 

CEL, DM% 22.32 22.23 22.94 25.59 0.54 0.07 

ADIN, DM% 7.00 7.07 7.29 7.72 0.14 0.24 

EE, DM% 2.53 2.71 2.71 2.53 0.05 0.32 

Starch, DM% 26.17 26.93 24.90 22.27 0.74 0.11 

IVTDOM 63.35 65.51 64.55 63.04 0.50 0.28 
1Variables: DM – dry matter; CP – crude protein; NDF – neutral detergent fiber; HEM – 
hemicellulose; ADF – acid detergent fiber; CEL – cellulose – ADIN – acid detergent insoluble 
nitrogen; EE – ether extract; IVTOMD – in vitro true digestible organic matter; 2Treatments: 
Control = corn silage without additive; LB = corn silage inoculated with Lactobacillus buchneri; 
PP = corn silage inoculated with Propionibacterium acidipropionici; LB+PP = corn silage 
inoculated with a mixture of L. buchneri and P. acidipropionici; 3SEM - standard error mean; 
a,bMeans in the same row with different superscripts differ (P <0.05). 
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Nutritive value, total losses and aerobic stability of sugarcane top silages  
treated with additives at ensiling 
L. G. Nussio1, M.P.C. Gallo1, G. B. Muraro1, R. C. Amaral1, J. O. Sarturi3, and T. F. 
Bernardes2 
1Escola Superior de Agricultura “Luiz de Queiroz”- ESALQ / University of São Paulo, 
Piracicaba 13418-900, São Paulo, Brazil, , 2Universidade Federal Rural da Amazônia, Belém 
66.077-530, Pará, Brazil, 3University of Nebraska, Lincoln 68588, Nebraska, U.S.A.; Email: 
nussio@esalq.usp.br 
 
Introduction The lack of good quality forage during the dry season compels farmers to look for 
alternative resources to feed animals. Compared to other forages, sugarcane has higher energetic 
potential and the highest dry matter yield per area during the dry season in Brazil. When it is 
mechanically harvested for sugar extraction, it is common to cut off the top part of the plant and 
leave it in the field, with the objective of decreasing the cost of transportation and to increase the 
industrial efficiency of the sugar extraction process. The sugar cane top consists of the blade, 
bundle leaf and variable amounts of immature cane which are fed to cattle by Brazilian farmers. 
Due to an abundant availability of this co-product at sugarcane harvesting, there is an 
opportunity to preserve this forage source as silage. To date, few studies have investigated the 
fermentation process of sugarcane tops and the use of additives to improve the nutritive value of 
this harvested residue. The aim of this trial was to evaluate the effects of additives on the dry matter 
and gaseous losses, effluent production and aerobic stability of sugarcane top silages. 
 
Materials and Methods The sugarcane variety RB-72454 was harvested and the plant top was 
manually separated and processed in a stationary chopper to a  theoretical cut length of 10 mm. 
The treatments applied were:  control (C) no additive; calcium oxide (CaO) (1.5% fresh basis); 
dried citrus pulp (DCP) (10% fresh basis); and L. buchneri (LB) (Lallemand Animal Nutrition, 
Milwaukee) at an inoculation rate of 4 x 105 cfu/g of fresh forage. Sixteen experimental silos 
(20-L plastic buckets) were randomized assigned to treatments and filled with approximately 13 
kg of chopped material containing 34% of DM. The buckets were fitted with valves for gas 
release and an apparatus for effluent quantification (2 kg of dry sand separated from the silage by 
a thin plastic screen and two layers of cheesecloth). The experimental units were weighed and 
sampled on day 0 and 90 days after ensiling. Dried samples were analysed for ash, CP, fiber 
fractions and in vitro true digestible DM  (IVTDDM) by Near Infrared Reflectance Spectroscopy 
(NIRS). Effluent production was estimated by weight gain of the plastic buckets containing only 
the apparatus for effluent quantification. Dry matter loss was estimated by gravimetric 
calculations. For aerobic stability evaluation, approximately 4 kg of each replicate were 
transfered to plastic buckets and kept under controlled temperature (24°C ±1) for 9 days. 
Temperature was recorded every 15 minutes by data loggers positioned inside the silage mass. 
Aerobic stability was defined as minutes taken for silage temperature increase by 2°C above the 
ambient temperature. Data were analyzed using the PROC GLM procedure of SAS (1991) and 
mean values were compared using Tukey’s test (P < 0.05). 
 
Results and Discussion The nutritive values, total losses, effluent production and aerobic 
stability after 90 days of ensiling are shown in Table 1. The utilization of the alkaline additive 
increased the ash content and the IVTDDM. These effects were probably due to solubilization of 
fiber components. Nevertheless, total DM loss of the alkali-treated silage was higher than those 
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of the other treatments. Even though the calcium oxide added increased pH values, it 
considerably extended aerobic stability (216 hours) probably through increasing osmotic 
pressure. Similar results were observed by Santos et al. (2008) on sugarcane silages treated with 
calcium oxide at a similar application rate. 
 
Conclusions Calcium oxide efficiently maintained the aerobic stability of sugarcane top silages, 
but did not control DM losses. The control silage and those treated with citrus pulp and L. 
buchneri had less fermentation losses than the CaO-treated silage but they were less stable. 
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Table 1. Nutritive value, total losses, effluent production and aerobic stability of top sugar  
cane silages 

Treatment1 Item Control CaO DCP LB 
DM (%) 26.36bc 27.78ab 29.56a 25.08c 
Ash (%DM) 6.29b 7.62a 6.68b 5.98b 
CP (%DM) 4.30b 4.05c 4.12c 4.51a 
NDF (%DM) 71.20c 87.81a 64.52d 77.82b 
ADF (%DM) 51.22b 58.20a 48.60c 52.14b 
IVTDDM (%DM) 45.00c 49.02ª 47.85b 43.83d 
     
pH 3.76c 6.68a 3.81c 4.16b 
Total losses (%DM) 12.04b 21.77a 10.10b 9.59b 
Gases losses (%DM) 10.87b 21.61ª 9.79b 8.59b 
Effluent production (kg/ton FF) 12.75a 2.03b 3.37b 1.70c 
     
Aerobic stability (hours) 78b 216a 30b 62b 
1 Control (C) without additive; calcium oxide (CaO) (1.5% fresh basis); dried citrus pulp  
(DCP) (10% fresh basis); and Lactobacillus buchneri (LB) (4 x 105 ufc/g of forage) 
a,b,c,dMeans in the same row with different superscripts differ (P < 0.05) 

 



 

XVth International Silage Conference Proceedings 287 

Factors influencing the conservation characteristics of baled silage 
P. O’Kiely1, J. McEniry1, M. O’Brien1, and P. D. Forristal2 
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Research Centre, Oak Park, Carlow, Ireland; Email: padraig.okiely@teagasc.ie 
 
Introduction Baled silage (BS) frequently differs from precision-chop silage (PS) in its ensilage 
characteristics (McEniry et al., 2006). Studies with laboratory silos (McEniry et al., 2007) 
showed that field wilting and air infiltration during ensilage each had much larger impacts on 
conservation characteristics than forage chopping or compaction. This experiment compared the 
conservation characteristics of BS and PS made following three durations of wilting and, in the 
case of BS, investigated the interactions with the number of layers of plastic film in which the 
bales were wrapped and the duration of ensilage. 
 
Materials and Methods The 50 day regrowth of a Lolium perenne sward was cut with a rotary 
mower-conditioner. Representative herbage was immediately precision-chop harvested and 
ensiled in six clamps that were sealed beneath two sheets of 0.125 mm black polythene. 
Simultaneously, 42 cylindrical bales (each 1.2 m diameter and 1.2 m wide) were made, and 2 (6 
bales) or 4, 6 or 8 (12 bales each) layers of black polythene stretch film (25 µm film thickness; 
stretched by 70% at wrapping) were applied. The remaining herbage was wilted for 24 or 48 h 
(with appropriate tedding/rowing) and then harvested and ensiled in clamps or bales as above. 
The 18 clamps and 72 of the bales (18 bales each with 2, 4, 6 and 8 layers film) were stored for 7 
months and the remaining 54 bales (18 bales each with 4, 6 and 8 layers film) were stored for 18 
months. Data were collected and subjected to one- (all 24 treatments) and three- (BS after 3 
durations of wilting, with 4, 6 or 8 layers film, and stored for 7 or 18 months) way analysis of 
variance. 
 
Results and Discussion The mean (s.d.) dry matter (DM) content for 0, 24 and 48 h wilted 
herbages among six PS clamps was 145 (13.6), 296 (31.6) and 530 (53.2) g/kg, respectively, 
with corresponding values for herbage among 42 bales of 142 (6.9), 291 (28.6) and 533 (54.7) 
g/kg. The fresh weight ensiled following 0, 24 and 48 h wilting was 4156 (295.2), 3548 (429.5) 
and 2970 (537.6) kg, respectively, across PS clamps, and 852 (54.3), 795 (84.6) and 581 (102.1) 
kg, respectively, across bales. The corresponding DM weight of bales was 121 (8.1), 231 (25.3) 
and 305 (41.3) kg. Wilting restricted (p<0.001) fermentation, increased (p<0.001) lactic acid as a 
proportion of fermentation products (FP) and reduced (p<0.001) in-silo losses. When BS was 
wrapped in 4-8 layers of film it generally did not differ (p>0.05) from PS in the extent or overall 
direction of fermentation, or in in-silo losses. Wrapping bales in only two layers of plastic film 
led to extensive mould growth on the bale surface, and this was virtually eliminated by four or 
more layers of film (except for unwilted herbage stored for 18 months, in which case 6 layers of 
film were required to control mould growth). There was an improvement in most other indices of 
conservation by increasing the number of layers of film in which BS was wrapped from 2 to 4, 
but increasing the number of layers from 4 to 8 had no impact (p>0.05). Extending the duration 
of bale storage from 7 to 18 months reduced (p<0.001) the recovery rate of ensiled herbage, and 
increased (p<0.001) both pH and NH3-N with 0 h wilted BS but not with 24 or 48 h wilted BS. It 
reduced (p<0.001) the content of FP in 0 and 24 h wilted BS but not (p>0.05) with 48 h wilted 
BS. There were no other interactions (p>0.05) for variables in Table 1. 
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Conclusions Differences between BS and PS were relatively small, whereas both field wilting 
and preventing air infiltration during ensilage (4-8 vs. 2 layers film) conferred benefits to the 
conservation characteristics of BS. Extending BS storage from 7 to 18 months worsened the 
conservation characteristics mainly of 0 h wilted BS. Thus, the differences reported between BS 
and PS on farms are most likely due to differences in herbage DM content and the completeness 
of anaerobiosis during ensilage rather than to the chopping or storage system used. 
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Table 1. Silage fermentation and recovery characteristics  
H1 W2 L3 D4 pH LA5 AA6 PA7 BA8   ET9 FP10 L/FP11 D.LA12 Am13 Rec14 M15 
BS 0 2 7 5.04 73 41 5.3 15.9 23 158 430 667 109 781 64.5 
BS 0 4 7 4.37 99 35 4.7 11.9 29 180 545 677 82 875 0.2 
BS 0 6 7 4.23 128 34 4.9 11.4 33 211 598 671 86 892 0.0 
BS 0 8 7 4.24 125 26 2.5 11.0 32 197 632 675 82 894 0.0 
BS 24 2 7 4.60 105 15 1.8 4.3 22 148 712 656 75 977 48.8
BS 24 4 7 4.21 127 16 1.4 2.2 26 173 736 657 66 990 0.9 
BS 24 6 7 4.22 131 18 3.1 3.8 24 181 737 659 67 991 0.3 
BS 24 8 7 4.23 128 12 0.8 3.4 25 169 756 655 68 984 0.6 
BS 48 2 7 6.37 47 7 0.4 0.4 13 67 602 735 39 1027 49.3
BS 48 4 7 5.04 45 6 0.7 0.7 16 69 623 476 27 999 0.4 
BS 48 6 7 5.21 44 5 0.1 0.1 12 63 641 356 21 982 0.5 
BS 48 8 7 4.94 54 5 0.0 0.0 16 75 696 343 28 981 0.0 
BS 0 4 18 4.44 75 24 2.6 8.9 16 126 603 525 95 844 33.1
BS 0 6 18 4.81 77 34 5.3 12.4 19 148 523 566 128 832 2.5 
BS 0 8 18 4.72 69 39 8.2 13.7 25 155 436 516 107 835 0.0 
BS 24 4 18 4.22 84 12 0.5 1.4 21 118 708 465 62 990 2.2 
BS 24 6 18 4.24 73 11 0.4 1.0 21 107 684 503 57 982 1.1 
BS 24 8 18 4.25 71 10 0.4 1.5 19 102 697 471 57 977 0.6 
BS 48 4 18 4.86 37 5 0.1 0.0 9 51 674 482 14 1003 2.3 
BS 48 6 18 4.89 63 4 0.1 0.0 8 76 750 410 23 984 0.3 
BS 48 8 18 4.93 53 4 0.1 0.1 8 64 715 428 19 985 0.2 
PS 0 - 7 4.45 99 51 8.7 6.0 25 189 513 690 79 822 - 
PS 24 - 7 4.42 104 20 2.9 2.3 19 149 701 664 54 997 - 
PS 48 - 7 5.28 76 6 0.9 0.7 6 91 842 629 67 978 - 

SE16    0.211 11.2 2.8 0.96 2.16 1.9 12.7 50.5 22.0 6.9 17.4 7.76 
Sig    *** *** *** *** *** *** *** *** *** *** *** *** 

1Harvester, 2Wilt duration, 3Layers of polythene film, 4Duration of storage (months), 5Lactic acid (g/kgDM), 6Acetic acid 
(g/kgDM), 7Propionic acid (g/kgDM), 8Butyric acid (g/kgDM), 9Ethanol (g/kgDM), 10Fermentation products (lactic acid + 
volatile fatty acids + ethanol; g/kgDM), 11Lactic acid/FP (g/kg), 12D-Lactic acid (g/kg lactic acid), 13Ammonia-N (g/kgN), 
14Recovery rate (g/kg), 15Mould (% coverage of bale surface area)  and 16Standard error of the mean. ***=  
P < 0.001 
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Effect of lactic acid bacteria on inhibition of clostridia development in legume silage 
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Introduction Clostridia is one of the most undesirable micro-organisms involved in the silage 
fermentation process, especially in the case of legumes, which are poorly ensilable. To avoid 
anaerobic spoilage the most important factor is to ensure an acidic environment. This can be 
achieved by treating silage with chemical acidifiers, inhibitors or inoculants of lactic acid 
bacteria (LAB). The objective of this study was to investigate the antagonistic effect of novel 
LAB strains on clostridia and thereby improve the quality of silage. 
 
Materials and Methods A primary growth red clover-timothy mixed sward was studied. After 
wilting (24h), chopping into approximately 2 to 3 cm lengths and mixing, additives were sprayed 
onto the silage material at the time of ensiling. Treatments were: 1) untreated (UT), 
2) contaminated with Clostridium spp. (T1), 3) inoculated with both Lactobacillus paracasei and 
Clostridium spp. (T2). The concentration of LAB in the biological inoculant was 106 cfu/g FM. 
The clostridial strain was isolated from poorly fermented silage. The concentration of added 
clostridia introduced was 102 cfu/g FM. Test silages were conserved in 3-litre jars. 
Chemical parameters were analysed before ensiling and after 90 days of a storage period in dark 
room under constant temperature conditions (20°C). Fermentation acids, ethanol, ammonia and 
pH were also analysed in the silage. 
 
Results and Discussion After wilting, the sward composition on a DM basis, at ensiling, was as 
follows: 39.6% DM, 12.4% CP, 11.8% WSC and a BC of 5.5g lactic acid per 100g DM. After 
ensiling, T2 had a higher concentration of lactic acid (3.54 % DM) than either UT (3.08% DM) or 
T1 (2.10 % DM) (Fig 1). The pH values were better in the LAB-treated silage; pH 4.3 in T2 silage 
and pH 4.5 in both UT and T1 silage (Table 1). The T2 silage also had the lowest contents of 
acetic acid, ethanol (Fig 1) and NH3-N (Table 1). There was no butyric and propionic acid found 
in any of the test silages. Microbiological analyses showed no clostridia in silage T2, but these 
were present in both the UT and T1 silages (102 cfu/g and 3x102 cfu/g, respectively). In addition 
to the effect of using inoculant, the lack of butyric acid, and small clostridia content in silages, 
can also be related to a higher silage DM content, as Kaiser et al (2005) have confirmed recently. 
The biological inoculant used improved silage fermentation quality of silage derived from a 
mixed red clover-timothy sward. 
 
Conclusions The results demonstrate that inoculation of silage with an LAB strain minimized 
the activity and spoilage effects of detrimental organisms in legume/grass silage and improved 
the fermentation quality. 
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Table 1. Effect of treatment on silage chemical composition and some fermentation parameters 
  Treatment  
Items UT T1 T2 
Dry matter 38.79 37.84 37.75 
Crude protein (% DM) 13.30 13.43 13.66 
NDF (% DM) 49.58 49.43 49.16 
Crude ash (% DM) 8.39 8.19 8.24 
ME (MJ/kg DM) 9.5 9.5 9.5 
MP (g/kg DM) 76.6 76.8 77.1 
pH 4.5 4.5 4.3 
NH3-N (% TN) 2.78 2.88 2.35 
UT= untreated, T1= contaminated with Clostridium spp., T2= inoculated with Lactobacillus 
paracasei and Clostridium spp. 
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Figure 1. Effect of treatment on silage fermentation parameters. UT= untreated, T1= 
contaminated with Clostridium spp., T2= inoculated with Lactobacillus paracasei and 
Clostridium spp. 
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A test scheme for the approval of silage additives for big bales  
T. M. Pauly1 and U. Rubenschuh2  
1Swedish University of Agric. Sciences, Depart. of Animal Nutrition & Management, 75323 
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Introduction Baled silage and silage ensiled in horizontal or tower silos differ in some important 
ways such as i) ensilage of unchopped versus precision-chopped forage, ii) limited versus 
thorough mixing of forage in the harvesting machinery and iii) large versus small ratio of surface 
area to volume. It is primarily the limited mixing that has negative implications on the efficiency 
of the applied additive. When applied to big bales, silage additives are commonly sprayed on top 
of the swath just before the forage is fed into the baler. The penetration of the additive into the 
swath is limited, leading to two drawbacks: i) loss of additive, which does not hit the swath and 
ii) insufficient mixing of additive and forage during the baling process, which usually will reduce 
the efficiency of the additive.  
 
The German Agricultural Society (DLG, www.dlg.org/home-en.html) has a long history of 
developing approval systems for agricultural goods with the objective to supply unbiased 
information to farmers and consumers. For decades, an approval system has been used in 
Germany to test the efficiency of silage additives. It now includes a test for silage additives 
applied to big bales, which is described below. 
 
Materials and Methods The additive test for big bales was elaborated on the basis of a large 
number of big bale experiments performed at the Swedish University of Agricultural Sciences 
during the 1990’s (Lingvall et al. 1999, Lingvall 2002, Jacobsson et al. 2002, Knický & Lingvall 
2005). To counteract the limited mixing after application of the additive, additives could either 
contain compounds that actively spread themselves in the bale (e.g. by volatilization) or the 
surface area of the swath could be increased or both. The swath width can easily be expanded to 
match the width of the pick-up unit of the baler. A wider and thinner swath would improve the 
distribution of the additive in the forage. The seal integrity of the bales is checked at the end of 
the storage period (before sampling) to detect aerobically deteriorated bales that might 
compromise the comparison between additive-treated and untreated bales. Seal integrity is 
determined by creating a weak underpressure in the bale with a suction pump and by recording 
the time for the underpressure to rise from -200 to -150 Pa (developed by Ekolag AB, Sweden, 
www.ekolag.se). Times >60 s indicate tight bales with little risk that silage composition is 
compromised by air leakage.  
 
Results and Discussion The most important requirements to pass the DLG approval test are as 
follows:  
a)  Five separate trials with square or round bales with at least 5 bale replicates per treatment. 
b)  At least 3 of 5 trials within the DM range of 350 to 550 g/kg. 
c)  Six layers of stretch film applied on bales; bales must be handled and stored in such a way 

that stretch film punctures or injuries are avoided (smooth ground, and bales stored on their 
flat side one by one and covered with protective netting). 

d)  Determination of weight, DM content and amount of applied additive per bale (requires 
weighing of bales and additive cans). 
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e)  Monitoring of weight losses in bales during storage of at least 90 days. 
f)  Determination of fermentation characteristics after a storage period of at least 3 months (6 

cored samples/bale are merged to compose the bale sample). 
g)  Before sampling the bale’s seal integrity is measured to detect and exclude aerobically 

deteriorated bales.  
 
Summary An approval scheme for silage additives specifically aimed for application in big 
bales was elaborated jointly in Germany and Sweden. The scheme considers the specific 
conditions prevalent in big bales and gives useful guidelines on how this test should be 
performed.  
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The effects of microbial inoculants and enzymes on the fermentation of fresh alfalfa or 
alfalfa that was freshly frozen and thawed before ensiling 
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Introduction Various chemicals and biological additives have been developed to improve the 
fermentation of silages. Bacterial inoculants are often added to legume silages because they tend 
to have a positive effect on the silage more often than enzyme additives and are much safer to 
use than acid additives. Bacterial inoculants are added to silage in order to speed up the 
fermentation process and cause a more desirable fermentation. However, mixtures of inoculants 
and enzymes have also been used on grass and legume silages. One aspect of conducting silage 
research is that it is highly dependent on a fresh and available crop at the right stage of maturity. 
Thus the objective of this study was to investigate the possible use of freshly harvested alfalfa 
that had been stored frozen prior to use for evaluating the effects of various silage additives on 
subsequent fermentations. 
 
Materials and Methods Alfalfa was mowed and allowed to wilt to a DM content of about 
37.6%.  Forage was treated with: 1) water at a rate of 10 mL/kg of fresh forage (control), 2) an 
enzyme (primarily cellulase and amylase activities) mix at a rate of 0.33 g/ton, 3) an inoculant 
(Agri-Sile) containing Pediococcus, Lactobacillus and Enterococcus spp at a final rate of 1.0 x 
105cfu/g of forage or 4) inoculant + enzymes (SilagePro) at a final rate of 1.6 x 105 cfu/g of 
forage and allowed to ensile. The inoculant and enzymes used in treatments 2 and 3 were 
components of SilagePro. Additives were supplied by American Farm Products, Ypsilanti, MI.  
Freshly chopped and untreated forage was also frozen immediately.  After 65 days, frozen forage 
was thawed and treated as described above and ensiled.  For all treatments, approximately 600 g 
of forage was packed in vacuumed and heat sealed bag silos in quadruplicate and opened at 2, 4, 
7 and 60 d of ensiling. Twenty five grams of forage and silage samples were homogenized for 1 
min in a blender with 225 mL of sterile Ringer’s solution. Data were analyzed for each period 
using PROC GLM of SAS for a completely randomized design. 
 
Results and Discussion Alfalfa that was frozen prior to use had a higher DM content, slightly 
lower pH and a higher numbers of lactic acid bacteria (LAB) than freshly harvested alfalfa 
(Table 1). Numbers of yeasts were low (between 102 and 103 cfu/g) in fresh alfalfa but were 
undetectable after freezing. The high LAB populations in frozen alfalfa are surprising because 
the temperature for growth of these microorganisms ranges from 5oC up to 50 oC.  The chemical 
composition and LAB populations of alfalfa silages after 60 d of ensiling are shown in Table 2. 
Treatment with fibrolytic enzymes had minimal effects on the fermentation proflile of both types 
of alfalfa.  Microbial inoculants stimulated the fermentation but the effect was greater in fresh 
than previously frozen alfalfa. Concentrations of lactic and succinic acids were not affected by 
treatments in both frozen and fresh silages. However, the lactic acid concentration was lower in 
the frozen silage treated with SilagePro. 
 
Conclusions This study suggests that fresh alfalfa can be frozen and thawed before use to 
evaluate changes in fermentation patterns but that freezing cause some changes in microbial 
populations and the ensuing fermentation. 



 

July 27-29, 2009 – Madison, Wisconsin, USA 294 

Table 1. Chemical composition and microbial population of fresh and frozen alfalfa before 
ensiling 

Treatment Item Forage 
Type Control Enzyme Agrisile SilagePro 
Fresh 37.73 36.93 36.73 39.27 DM, % 
Frozen 42.27 42.33 41.46 41.80 
Fresh 5.5 4.8 5.1 5.2 WSC1 
Frozen 5.2 4.4 4.5 4.2 
Fresh 6.55 6.53 6.57 6.57 pH 
Frozen 6.43 6.43 6.43 6.44 
Fresh 5.21 5.47 5.46 5.51 LAB2 
Frozen 6.41 6.34 6.60 6.06 
Fresh 7.30 7.41 7.48 7.52 ENT3 
Frozen 6.77 6.51 6.60 6.61 
Fresh 2.30 2.90 2.30 2.00 Yeast4 
Frozen ND ND ND ND 
Fresh ND 2.00 2.70 ND Mold4 
Frozen ND ND ND ND 

1Water soluble carbohydrates, % of DM. 2Lactic acid bacteria, log cfu/g.  3Enterobacteria, log 
cfu/g.  4log cfu/g. 
 
Table 2. Effect of applying enzyme and two inoculants on the chemical composition, 
fermentation profile and microbial population of fresh and frozen alfalfa silage at 60 days of 
ensiling 

Treatment P value Item Forage 
Type Control Enzyme Agrisile SilagePro 3F 4T F x T 

SE 

Fresh 39.0aB 37.6bB 38.0abB 37.8bB DM, % 
Frozen 41.1aA 41.4aA 40.8aA 41.2aA 

<0.001 0.012 0.004 0.289 

Fresh 4.76aA 4.66cA 4.67cA 4.72bA pH 
Frozen 4.65aB 4.67aA 4.66aA 4.65aB 

<0.001 <0.001 <0.001 0.006 

Fresh 0.450 0.525 0.562 0.524 NH3-N1 
Frozen 0.407 0.440 0.437 0.436 

<0.001 0.086 0.547 0.012 

Fresh 7.79aA 7.61aA 7.78aA 7.75aA LAB2 
Frozen 7.70aA 7.54abA 7.32cB 7.34bcB 

<0.001 <0.001 <0.001 0.034 

Fresh 6.13aA 6.01aA 7.03aA 7.66aA Lactic 
acid1 Frozen 6.82aA 6.60aA 6.87aA 5.81aB 

0.500 0.363 0.009 0.156 

Fresh 2.08abB 1.88bB 2.70aA 2.70aA Acetic 
acid1 Frozen 2.90aA 2.79aA 2.73aA 2.12aA 

0.023 0.172 <0.001 0.084 

Fresh 0.48aB 0.51aA 0.58aA 0.71aA Succinic 
acid1 Frozen 0.81aA 0.75aA 0.72aA 0.65aA 

<0.001 0.895 0.040 0.028 

A>B in columns, a>b in rows, P < 0.05.  1% of DM, 2 Lactic acid bacteria, log cfu/g, 3Forage type, 
4Treatment 
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Effect of molasses, urea, sodium benzoate and potassium sorbate on survival rate and 
fermentation activity of Lactobacillus plantarum DSMZ 8862 and 8866 
B. Pieper and U. Korn 
Dr. Pieper  Technologie- und Produktentwicklung GmbH, 16818 Wuthenow, Germany; 
Email: info@dr-pieper.com 
 
Introduction To balance sugar deficits and ensure the production of sufficient amounts of lactic 
acid during fermentation, biological silage additives can be combined with molasses. 
Furthermore, urea can be added to provide NH3 and CO2 from enzymatic breakdown, which has 
positive effects on the fermentation process. Commercially available products use combined 
aqueous solutions of lactic acid bacteria (LAB) and sodium benzoate or potassium sorbate to 
improve aerobic stability and especially impair growth of yeasts and molds. However, these 
additives might also inhibit added LAB starter cultures. Therefore we determined the survival 
rate and fermentation activity of commonly used additives, namely Lactobacillus plantarum 
strains DSM 8862 and 8866 (BIO-SIL®, Dr. Pieper Technologie- und Produktentwicklung 
GmbH) in relation to the mode of application and retention time before ensiling. 
 
Materials and Methods The survival rate of dry or aqueous suspension of LAB in the additives 
was determined using standard microbiological procedures. Additives used were aqueous 
solutions of practical relevant concentrations of sodium benzoate (7% and 14%), potassium 
sorbate (30% and 50%), urea (20% and 40%) and industrial molasses. The fermentation activity 
of LAB was detected using an in vitro test according to Pieper et al. (1996). Briefly, chopped 
grass in a water phase was inoculated with LAB followed by observation of pH decline over 24-
26 hours. The observed rate and level of pH decline allow conclusions on availability of 
fermentable sugars and microbial fermentation activity.  
 
Results The data show relatively slow declining numbers of LAB when added to molasses in dry 
or aqueous suspension whereas their fermentation activity was already low in the in vitro 
fermentation test. In practical relevant concentrations of sodium benzoate, potassium sorbate and 
urea, the numbers of LAB declined to < 20% of the initial concentration within 60 min and to 
0% within 120 min. This reduction was even more pronounced in the in vitro fermentation test 
(Table 1). Using a separate application of the additives and LAB in the in vitro system, a 
fermentation activity of 90% as compared to the positive control was always achieved within 24h 
and LAB cell counts were not significantly different. 
   
Conclusions Within 120 min after preparation of an aqueous solution of chemical additives and 
LAB, this solution is useless for silage production. LAB should always be added separately from 
molasses or aqueous solutions of chemical preservatives such as sodium benzoate, potassium 
sorbate or urea.  
 
References 
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Table 1. Remaining cell counts and in vitro fermentation activity of LAB after 1 and 2 hours 
exposure time in additive solutions with practical relevant concentrations.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1 BIO-SIL® - Lactobacillus plantarum DSM 8862 and 8866  
2 100% = 8.5 x 108 cfu/ml 
3 100% = 1.7 x 109 cfu/ml 
4 100% = 1.7 x 107 cfu/ml 
 
 

Additive Exposure  LAB1  in vitro 
     time     Fermentation activity 

Concentration (in water) (hours)   (%)  Mean SD 
Sodium benzoate 7% 0  2100  100 11.4 
 7% 1  41  49 7.8 
 7% 2  10  37 4.1 
 14% 0  3100  100 13.2 
 14% 1  11  4 0.5 
 14% 2  1  2 0.3 

Potassium sorbate 30% 0  2100  100 11.0 
 30% 1  35  18 2.0 
 30% 2  14  8 1.6 
 50% 0  3100  100 9.8 
 50% 1  17  0 - 
 50% 2  0  0 - 

Urea 20% 0  2100  100 15.7 
 20% 1  39  21 3.8 
 20% 2  0  0 - 
 40% 0  3100  100 8.6 
 40% 1  28  0 - 
 40% 2  0  0 - 

Molasses 100% 0  4100  100 12.5 
 100% 1  55  48 6.2 
 100% 2  40  28 5.9 
  100% 24   11  4  0.6 
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Conservation of nearly un-fermentable feedstuffs using homolactic acid bacteria 
(Lactobacillus plantarum DSMZ 8862 and 8866) in combination with formic acid 
B. Pieper and U. Korn 
Dr. Pieper  Technologie- und Produktentwicklung GmbH, 16818 Wuthenow, Germany; 
Email: info@dr-pieper.com 
 
Introduction Successful silage fermentation depends on both anaerobic conditions and a low pH. 
The low pH is achieved through the conversion of sugars to lactic acid by epiphytic and/or added 
lactic acid bacteria (LAB). On the other hand, formic acid (FA) has been frequently used for 
effective feedstuff preservation, especially under conditions where ensiled crops had low in dry 
matter content and low contents of water-soluble carbohydrates. FA has been shown to reduce 
pH, and concentrations of lactic acid, acetic acid and butyric acid in different kinds of silages 
compared to untreated silages (Baytok and Muruz, 2003, McDonald et al.1991, Nadeau et al. 
2000). The current study was conducted to ensile for the first time un-fermentable feedstuffs 
using a combination of homolactic acid bacteria (Lactobacillus plantarum DSM 8862 and 8866) 
and either FA or partly neutralized FA with NaOH (FA NA).  
 
Materials and Methods All compounds were added separately to the harvested material. Using 
1.5 l laboratory silos, we ensiled alfalfa, Lolium, Poa, Holcus and red clover of different dry 
matter content and maturity (Table 1). Plant materials were mixed with soil containing clostridial 
spores to increase the potential of butyric acid production during ensiling. Treatments were: 
Control, LAB (3 x 1011 cfu per t fresh matter (FM), L. plantarum DSM 8862 and 8866), FA (4 l/t 
FM, Amasil 85®),  FA NA (3,25 – 4,5 l/t FM, Amasil NA®), molasses (35 – 40 kg/t FM), 
LAB+Amasil NA®, LAB+FA, LAB+molasses, and the chemical preservative Kofasil liquid (3 
l/t FM, 30% NaNO2  and 20% Hexamethylenetetramine), respectively. 
 
Results The combination LAB+Amasil NA® led to reduced dry matter losses, lower 
concentrations of acetic and butyric acid and NH3-N/Ntotal after a 90-day storage period as 
compared to the other treatments (Table 2). Both LAB and the chemical preservative had higher 
dry matter losses, concentration of butyric acid, acetic acid, NH3-H/Ntotal and showed lower 
concentration of lactic acid as compared to the other treatments. The additive effect of 
LAB+Amasil NA® was due to rapid acidification of the material to pH 4.4-5.0 with subsequent 
lactic acid fermentation of fermentable carbohydrates by the LAB inoculum until a low and 
stable pH was achieved. 
       
Conclusions Fermentation characteristics indicate no spontaneous but specific lactic acid 
fermentation of carbohydrates by the added LAB. Besides a rapid pH decline, addition of FA 
further improves hygienic properties of the silage due to suppression of detrimental bacteria. 
Based on these results, the combined (but separately added) use of LAB+AmasilNA® and 
LAB+molasses can be recommended as reliable approaches. LAB+molasses is already a 
commonly used approach in Germany. Using LAB+AmasilNA®, has been shown to produce 
approximately 10.000t of silage of highly un-fermentable feedstuffs in 2007.  
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Table 1. Characteristics of feedstuffs and factors affecting ensiling process. 
                     Feedstuff 
 
Parameter 

Al-
falfa 
1 

Al-
falfa 
2 

Rough 
blue-
grass 

Red 
clover 

Cocks 
foot 
 

Cree-
ping soft 
grass 

Peren. 
rye  
grass 1

Peren. 
rye 
grass 2 

DM (%) 25.5 18.8 20.5 18.6 19.1 20.8 20.1 18.1 
Crude protein1 16.0 23.5 18.4 18.5 19.1 16.8 15.8 16.9 
Sugar1 3.4 4.3 4.3 12.6 0.5 5.4 11.8 10.7 
Buffering capacity3        5.5 7.9 5.3 4.4 5.3 5.0 6.0 7.2 
Sugar/buffer. capacity  0.6 0.5 0.8 2.9 0.1 1.1 2.0 1.5 
NO3

 (g/kg) 0.4 15.0 18.4 11.2 4.3 10.4 0.4 0.2 
LAB (log cfu/g) n.d.2 0.4 4.7 5.9 4.8 6.4 4.9 5.0 
1% of DM, 2not determined, 3g lactic acid/100 g DM 
 
 
Table 2. Effect of additives on the relative DM-losses, fermentation characteristics and energy 
content - average of all silages in comparison to control (%). 
           Treatment  
 
Parameter 

Control LAB1 

 
FA NA2 LAB1 +  

FA NA2  
LAB1 + 
molasses 

Chem. 
preser-
vative3 

DM-loss 100a 83ab 51b 37c 63b 68b 

Acetic acid 100a 97a 63b 19c 87a 98a 

Butyric acid  100a 105a 9b 4b 4b 42c 

Lactic acid 100a 119a 199b 203b 305c 169b 

NH3-N/Ntotal 100a 88a 30b 19b 27b 59c 

Crude fibre 100a 100a 94a 90b 91b 93b 

ME4 100a 107a 113a 116b 114b 108a 

NEL5 100a 104a 110a 112b 111a 106a 

a,b,cMeans in the same row with different superscripts differ (P ≤ 0.05).  

1BIO-SIL®, Dr. Pieper Technologie- und Produktentwicklung GmbH, 2Amasil NA®, BASF AG, 
3Kofasil liquid, ADDCON Agrar GmbH. 
4 Metabolizable energy, 5Net energy for lactation (calculated) 
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A complete system for the production of high quality silages under various conditions 
B. Pieper1, R. Pieper2, and U. Korn1 
1Dr. Pieper  Technologie- und Produktentwicklung GmbH, Wuthenow, Germany 
2Institute of Animal Nutrition, Department of Veterinary Medicine, Freie Universitaet Berlin, 
Germany; Email: info@dr-pieper.com 
  
 Introduction We developed a system, combining homolactic LAB with different additives to 
cover the ensiling of highly fermentable to nearly un-fermentable grasses and legumes, whole 
crops from small grains and corn, corn-cob mix, and high moisture corn and grains for various 
conditions and purposes (Table 1).  
 
Materials and Methods Homolactic acid bacteria (Lactobacillus plantarum DSM 8862 and 
DSM 8866), which have been demonstrated to improve the ensiling process, increase the energy 
content of the silage, and increase the milk yield of dairy cows, were consistently utilized in the 
system. The LAB were used either alone or, as required, in combination with molasses, buffered 
formic acid (Pieper and Korn, 2009b), potassium sorbate (Pieper and Korn, 2009a), urea (Pieper 
et al., 2001), or dry ice (Pieper, 1998).  

Results An important factor is the separate application of the additives, which has been 
developed and established (Pieper and Korn, 2009a). It is also possible to apply molasses to the 
forage swath and the LAB to the swath (Pieper et al., 2005). The osmotic tolerance of the 
bacterial strains ensures the ensiling of high moisture grains (Pieper et al., 2005).  

Conclusions Following the common technological rules of silage production, this approach 
provides a cost benefit and improvement of nutritional value as compared to currently applied 
conservation methods for grains. Essential elements of the system were tested and officially 
recommended by the German Agricultural Society (DLG) testing system for silage additives.  
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Effect of a novel strain of lactic acid bacteria in sugarcane silage1 
J. C. Pinto2, C.L.S. Ávila2, B. F. Carvalho2, and R. F. Schwan3 
2, 3 Departments of Animal Science and Biology, Federal University of Lavras, Lavras, MG, 
Brazil; Email: josecard@ufla.br 
 
Introduction Sugarcane (Saccharum spp.) has several characteristics that make it suitable for 
use in animal feed, such as its easy cultivation and high forage production (80 to 150 tonnes/ha). 
Sugarcane ensiling has been done as a way to make the management of this forage plant on the 
part of the breeders easy.  However, sugarcane silage is susceptible to high degree of yeast-
induced alcohol fermentation, leading to high rates of dry matter (DM) loss (Pedroso et al., 2006). 
The loss of DM during sugarcane fermentation results in an accumulation of cell wall 
components and reduced dry matter digestibility (Ferreira et al., 2007).  The addition of lactic 
acid bacteria (LAB) to silages is a way to reduce the growth of other desirable microorganisms  
as related to the increase of the competition by these microorganisms or by the production of 
bacteriocins or composts with antifungal activities (Broberg et al., 2007). The aim of this work 
was to evaluate the effect of 13 selected strains of LAB isolated from sugarcane silage, on some 
characteristics of this silage.  
 
Materials and Methods A total of 13 LAB isolates identified as belonging to the genus 
Lactobacillus were previously selected to be tested as an inoculant. These strains were identified 
at the level of species by means of Kits API 50 CHL (Bio Mérieux). Sugarcane was inoculated 
and ensiled in laboratory PVC silos (10 x 60 cm) and evaluated 90 days after ensiling. The 
inoculants were inoculated into a population of 105 g-1 CFU of forage. The DM contents (AOAC, 
1990), pH values and the microbial population (surface plating) of the silages were evaluated. 
The design utilized was the completely randomized with 14 treatments (13 inoculants and 
control – without inoculant) and three replicates. 
 
Results and Discussion There was a significant effect of the inoculants on the neutral detergent 
fiber (NDF) contents (P < 0.001), pH values (P < 0.01), LAB counts (P < 0.001) and yeasts (P < 
0.001). The most important characteristic in a sugarcane silage inoculant is the capacity of 
inhibiting the growth of yeasts. The silages inoculated with strains codified as UFLA SIL 20, 
UFLA SIL 72, UFLA SIL1.1, UFLA SIL1.2, UFLA SIL1.3 and UFLA SIL1.6 showed higher 
populations of yeasts and did not differ among them and they were similar to the control (Table 
1). The others strains tested inhibited the yeast growth and the final populations were on average 
3.82 log CFU.g-1. Among the strains which caused increased inhibition to the growth of yeasts, 
strains UFLA SIL 14, UFLA SIL 40 and UFLA SIL 65 presented higher count of LAB at the end 
of fermentation, and strains UFLA SIL 40 and UFLA SIL 65 causing also a greater reduction of 
pH values of the silages. This observation suggests that these strains remained viable much 
longer during fermentation time, which can support the stability of silage after the opening of the 
silos. No direct relationship was found between the count of LAB and the pH values. This fact is 
related to the characteristics of the species which dominates the fermentative process and not 
with the total count of LAB. The NDF contents can be indicative of DM losses, for as soluble 
compounds are utilized by the microorganisms or DM is lost as gases, there is a proportional 
increase of the NDF contents, since fiber is not utilized by the majority of the bacteria and yeasts 
present in silages.  
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Conclusions. On the basis of the characteristics studied, strain UFLA SIL 65, identified as 
Lactobacillus brevis, presented the best characteristics for ensiling.  Nevertheless, further 
profound studies are necessary for a final conclusion.  
  
References 
Broberg, A., K. Jacobsson, K. Strõm, and J. Schnürer.  2007. Metabolite profiles of lactic acid 

bacteria in grass silage. Appl. and Environ. Microb. 73:5547–5555.  
Ferreira, D. A., L. C. Gonçalves, L. R. Molina, A. G. Castro Neto, and T. R. Tomich. 2007. 

Características de fermentação da silagem de cana-de-açúcar tratada com uréia, zeólita, 
inoculante bacteriano e inoculante bacteriano/enzimático. Braz. J. Veter. Anim. Sci. 59:423-
433.   

Pedroso, A. F., L. G. Nussio, D.S.R. Loures, S. F. Paziani, M. S. Igarasi, R. M. Coelho, J. Horii, 
and A. A. Rodrigues 2007. Efeito do tratamento com aditivos químicos e inoculantes 
bacterianos nas perdas e na qualidade de silagens de cana-de-açúcar1. Braz. J. Anim. Sci. 
36:558-564. 

 
Table 1. Characteristics of sugarcane silages with different isolates after 90 days of fermentation 

Identification LAB* Yeast 
 

DM * 

(%) 
NDF* 

(%) 
pH 

(log CFU* g-1 silage) 
1- Lactobacillus 
 plantarum 

25.07 ±1.63 69.23b ±2.66 3.38b ±0.13 7.53b±0.14 3.49b ±1.5 

13- L. brevis 24.05 ±5.57 70.74b ±0.58 3.42a ±0.1 7.68b ±0.19 3.99b ±0.73 
14- L. buchneri 22.21 ±1.64 71.52b ±1.42 3.42a ±0.08 8.45a ±0.08 4.29b ±2.16 
20. L. brevis 20.59 ±1.5 73.23a ±4.09 3.39b ±0.14 7.09c ±0.6 4.87a ±1.07 
26. L. brevis 23.37 ±8.2 73.50a ±2.19 3.38b ±0.17 7.05c ±0.11 4.02b ±0.21 
40- L. brevis 22.90 ±2.49 70.29b ±2.45 3.39b ±0.11 8.39a ±0.02 3.79b ±0.19 
65- L. brevis 21.76 ±7.22 73.89a ±1.18 3.40b ±0.08 8.37a ±0.53 3.77b ±0.4 
72- L. buchneri 21.63 ±1.21 73.70a ±3.53 3.38b ±0.1 6.97c ±0.35 5.14a ±1.8 
1.1- NI 23.50 ±5.47 75.12a ±2.89 3.37b ±0,08 7.0c ±1.08 5.81a ±0.7 
1.2- L. plantarum 21.42 ±6.0 75.79a ±1.17 3.42a ±0.08 7.27a ±0.13 5.05a ±0.8 
1.3- L. plantarum 23.19± 5.44 73.21a ±3.31 3.35b ±0.01 6.82c ±0.85 4.85a ±1.06 
1.4- L. plantarum 24.18 ±3.66 74.41a ±2.43 3.36b ±0,13 7.59b ±023 3.39b ±0.22 
1.6- L. buchneri 22.85 ±3.49 75.98a ±1.79 3.40b ±0.16 8.29a ±0.29 4.54a ±1.24 
 25.12 ±4.72 74.60a ±3.59 3.46a ±0.06 8.12a ±0.47 5.58a ±0.04 

SS† NS *** ** *** *** 
Median 3.93 73.22 22.90 7.62 4.47 

VC‡ 0.83 1.87 8.34 3.59 13.16 
a,b,c,dMeans in the same row with different superscripts differ 
*DM: Dry Matter; NDF: Neutral Detergent Fiber; LAB: Lactic Acid Bacteria; CFU: Colony-Forming  
Unit  
 † SS: Statistical significance: *(P < 0.05), **(P < 0.01), ***(P < 0.001); NS: No significant 
‡VC: Variation Coefficient. 
1 Research supported by CAPES, CNPq and FAPEMIG. Acknowledgments are indebted to these 
Brazilian Agencies.  
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Introduction Southern rust is an aggressive disease caused by Puccinia polysora fungi, which is 
dispersed by airborne spores that form orange, circular pustules mainly on the upper leaf surface.  
The fungus diverts nutrients away from the plant causing leaf death and predisposing plants to 
mold growth and mycotoxin infestation.  Little is known about the effect of disease infestation 
on the nutritional value of corn silage or if inoculant application can mitigate adverse effects of 
diseases.  This project determined the effect of inoculant application to corn silage with different 
levels of southern rust infestation on the fermentation, nutritive value, and aerobic stability.  
 
Materials and Methods  A corn hybrid (Pioneer 33V16) grown on a 130-acre field on July 6, 
2007 at the Dairy Research Unit, University of Florida was infested by southern rust after 
tasseling.  Aerial application of a fungicide resulted in areas with different levels of infestation in 
the field.  Representative samples (100 kg each) were taken from areas classified as having no 
rust (clean), medium rust (all leaves in the bottom half of the plant were infested), and high rust 
(all leaves were infested).  Each sample was inoculated without (Control) or with Buchneri 500 
inoculant (Lallemand Animal Nutrition, Milwaukee, WI) at a rate that supplied 4.99 x 1010 cfu/g 
of Pediococcus pentosaceaus and  Lactobacillus buchneri.  Each treatment was ensiled in four 
replicate 20-L mini silos for 97 days.  Data were analyzed with PROC MIXED of SAS and the 
experiment had a 2 (inoculant vs. control) x 3 (rust levels) factorial design. 
 
Results and Discussion  Concentrations of dry matter, and neutral and acid detergent fiber 
increased (P < 0.05) with the level of rust infestation, whereas DM digestibility decreased (P < 
0.05) linearly (Table 1).  Inoculation increased the NDF digestibility (NDFD) of NR (13.2%) and 
MR (14.8%) silages. Concentrations of lactate, acetate, ammonia-N, and total volatile fatty acids 
decreased linearly with increasing rust infestation in Control silages but such trends were 
prevented or reversed in inoculated silages (inoculant x rust interaction, P < 0.05).  In HR 
silages, inoculation reduced mold counts by 72% and increased aerobic stability by about 75%.  
Aflatoxin was only detected in uninoculated HR silages and the levels exceeded the US Food 
and Drug Adminsitration action level (20 µg/kg), indicating that the silage should not be fed due 
to the risk of aflatoxin transmission to milk.  Inoculation prevented production of aflatoxin in HR 
silages (0 vs. 5.2 mg/kg, P < 0.05).  
 
Conclusion  Rust infestation reduced the nutritive value and fermentation of corn silage.  High 
levels of rust infestation resulted in high aflatoxin concentrations that made the silage unsafe to 
feed.  Inoculant application reduced adverse effects of rust infestation on the fermentation and 
increased NDF digestibility of clean and medium rust silages.   In high-rust silages, inoculant 
application also decreased mold growth, increased aerobic stability, and prevented aflatoxin 
production.   
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Table 1. Effect of bacterial inoculation1 of corn silages with medium (MR), high (HR) or no 
(NR) rust infestation on chemical composition (% DM), in vitro digestibility (% DM), aerobic 
stability (h), mold counts (log cfu/g), and aflatoxin concentration (mg/kg) 
 

Control  Inoculant (IN) SEM Contrast P values 

Items2 NR MR HR NR MR HR  IN Rust 
IN x 
Rust 

Rust 
Level3 

DM, % 38.0 40.6 58.3 37.2 39.6 56.5 0.29 0.01 0.01 0.25 L,Q 

NDF 44.1 47.7 48.5 43.4 48.8 51.3 1.50 0.39 0.01 0.51 L 

ADF 23.1 25.1 25.3 25.3 25.4 30.7 1.21 0.02 0.02 0.13 L 

CP 9.39 8.83 9.59 9.34 8.81 9.60 0.11 0.82 0.01 0.96 Q 

NDFD 38.1 39.8 36.2 43.4 45.7 33.0 1.27 0.02 0.01 0.01 L,Q 

IVDMD 66.9 63.2 60.1 68.9 64.2 57.5 1.41 0.93 0.01 0.25 L 

Molds 5.24 4.96 3.40 4.93 5.20 0.95 0.64 0.13 0.01 0.12 L 
Aerobic 
stability 26.0 27.5 44.0 27.5 23.8 77.3 5.96 0.05 0.01 0.01 L,Q 

Aflatox-
xin4 0.00 0.00 5.2 0.00 0.00 0.00 2.41 0.10 0.07 0.07 L 

pH 3.65 3.71 3.97 3.68 3.69 4.00 0.02 0.31 0.01 0.34 L,Q 

NH3- N 0.30 0.20 0.25 0.18 0.27 0.43 0.03 0.07 0.01 0.01 L 

Lactate 4.99 4.02 2.28 2.27 3.17 3.50 0.21 0.01 0.01 0.01 L 

Acetate 1.53 1.35 1.38 1.27 1.89 2.67 0.20 0.01 0.02 0.01 L 
Total 
VFA 6.37 4.59 4.02 4.04 5.31 6.31 0.36 0.44 0.74 0.01 NS 

            
1Buchneri 500 inoculant (Lallemand Animal Nutrition, Milwaukee, WI) applied at a rate that 
supplied 4.99 x 1010 cfu/g of Pediococcus pentosaceaus and  Lactobacillus buchneri. 
2DM = Dry matter; CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent 
fiber; IVDMD = in vitro DM digestibility; NDFD = NDF digestibitility; VFA = volatile fatty 
acids.   
3L = linear, P < 0.05; Q = quadratic, P < 0.05. 
4mg/kg 
 
 



 

XVth International Silage Conference Proceedings 305 

Effect of an oxygen barrier film (“Silostop”) on composition and losses of organic matter 
from the upper layers of forage sorghum ensiled in large bunker silos 
K. Rich1, T. Schoorl1, S. Wigley2, and J. M. Wilkinson3 

1Quality Silage Systems Ltd, P O Box 6122, Maroochydore BC, Queensland 4588, Australia, 2 

Bruno Rimini Ltd, 305 Ballards Lane, London N12 8NP, UK,  3School of Biosciences, University 
of Nottingham, Sutton Bonington Campus, Loughborough, LE12 5RD, UK; Email 
k.rich@agreg8.net 
 
Introduction  Kuber et al. (2008) found lower losses of organic matter in the upper 45 cm of 
large drive-over piles of ensiled whole-crop maize when they were covered with “Silostop” 
oxygen barrier film compared to standard polyethylene film. Concentrations of dry matter, starch 
and fermentation acids tended to be higher, whilst pH and concentrations of neutral and acid 
detergent fibre and ash were lower together, reflecting reduced oxidative losses of fermentable 
components under “Silostop” during the storage period. The purpose of this study was to confirm 
these promising results under similar commercial conditions in southern Queensland, Australia. 
 
Materials and Methods  The study reported here was undertaken to compare “Silostop” white-
on-black (WB) film (125 microns thick, S) with conventional polyethylene WB film (150 
microns, C) applied side by side to the top surfaces of two 5000-tonne capacity bunkers, which 
were filled simultaneously with forage sorghum. Samples, taken by corer from 10 locations to 25 
cm depth from the top surfaces of both silos, of fresh forage at harvest and of silage after 180 
days storage, were pooled to provide two bulked samples of fresh forage and silage per treatment 
for analysis. 
 
Results and Discussion Mean composition values for fresh and ensiled crops are shown in Table 
1. Ensiling was associated with  increased concentrations of ash (P < 0.03) and lignin (P<0.01) 
compared to the crop at harvest. Differences in composition between fresh and ensiled crops 
tended to be lower for S than for C. Concentrations of neutral and acid detergent fibre (NDF and 
ADF) tended to be increased after ensiling for C only, suggesting that fermentable non-fibre 
components may have been lost from the silage to the atmosphere during the storage period 
under C. In contrast, concentrations of NDF and ADF tended to be lower in silage stored under S 
than in the corresponding fresh forage (interactions P<0.03), suggesting that fermentation of 
some fibre fractions e.g. hemicellulose may also have occurred, and that fermentation products 
may not have been oxidised and lost to the atmosphere during the storage period to the same 
extent for S as for C. Metabolizable energy concentration tended to be decreased due to ensiling 
for material stored under C but not for crop stored under S. Organic matter losses, estimated 
using the method reported by Bolsen et al. (1993), averaged 190 and 101 g/kg for material 
ensiled under C and S, respectively.  
 
Conclusions  Compositional changes and estimated losses of organic matter were lower in the 
upper 25 cm of forage sorghum ensiled under “Silostop” film than under conventional 
polyethylene film. 
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Table 1. Composition of forage sorghum in the upper 25 cm layer of 5000-tonne bunker silos 
sealed with either conventional polyethylene (C) or Silostop (S) white-on black film before 
(Fresh) and after 180 days storage (Silage) 
 

 Conventional (C)  Silostop (S) SED 
 Fresh Silage Fresh Silage  
Dry matter (g/kg fresh weight) 256.5 235.0 261.0 254.5 8.60 
Ash (g/kg DM) 70.7 86.4 70.0 77.6 4.66 
Neutral detergent fibre (g/kg DM) 594.0 668.5 647.0 612.5 20.8 
Acid detergent fibre (g/kg DM) 406.5 481.0 438.5 427.5 18.0 
Lignin (g/kg DM) 55.0 76.0 60.0 71.5 3.76 
Crude Protein (g/kg DM) 87.0 96.0 86.5 89.5 7.25 
Starch (g/kg DM) 142.0 58.5 97.5 95.5 32.3 
Metabolisable energy (MJ/kg DM) 8.05 7.20 7.60 7.80 0.211 
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Chemical composition and fermentative characteristics of wilted Tifton 85 grass silage 
associated to chemical additives 
J.F.H. Rodrigues, M. J. Yokoo, F. C. Basso1, K. A. Magalhães, R. B. Ubida, D. Furlan, and R. 
A. Reis 
1São Paulo State University,UNESP, Jaboticabal, Brazil; 
Email:jferrazhuback@yahoo.com.br  
 
Introduction Silage additives have been developed and used to reduce the risks in the ensiling 
process and to improve the nutritional value of the silage. The objective of this trial was to evaluate 
the effect of urea and propionic acid on the chemical composition and fermentation and 
microbiological traits of the wilted Tifton 85 grass silage. 
 
Materials and Methods The treatments consisted of three haylage (50-60% DM): 1) without 
additive (HW), 2) treated with propionic acid (HPA) (1% wet basis), and 3) treated with urea (HU) 
(1% wet basis). Forage was harvested at 45 days of vegetative growth and stored in 20 L plastic 
silos for 60 days. When opened, samples were collected and evaluated at 0, 5, and 9 days of aerobic 
exposure. Samples were collected to determine the dry matter (DM), total N, ammonia N (N-
NH3/NT), and pH values. The contents of neutral detergent fiber (NDF) and acid detergent fiber 
(ADF) were evaluated according to the technique described by Robertson and Van Soest (1981). 
Lignin was determined after solubilization of cellulose in sulfuric acid at 72% (Van Soest, 1994), 
and the concentrations of acetic and butyric acids were determined by gas chromatography (Wilson, 
1971). The total counting and differentiation of yeast and molds were performed according to 
methodology described by Jobim et al. (1999). Treatments were distributed in a completely 
randomized design with four replications in a split plot scheme, considering the treatments as plots 
and periods of air exposure as split plots. The analysis of variance was performed, and comparisons 
between specific groups of treatments were made by orthogonal contrasts. 
 
Results and Discussion Higher ADF and lignin content was observed in HE on HPA and HU, with 
9 days of air exposure (Table 1). However, higher levels of DM were observed in SE compared to 
HPA in 9 days of aerobic exposure. The HPA and HU had higher levels of OM and lower MM 
content compared to SE (Table 2). The HU had higher CP, pH, ammonia-N, and butyric acid values 
than the other haylage, at the opening of the silos on day 5 of air exposure (Table 1). Similarly, the 
concentration of acetic acid was higher in silages treated with urea (Table 2); however, days of air 
exposure did not have significant effect (P> 0.05) acetic acid. The yeast and mold populations were 
higher in the HU, in the 5th and 9th days of aerobic exposure (Table 1). 
 
Conclusions The additives changed the chemical composition but did not improve the aerobic 
stability of wilted Tifton 85 grass silage. 
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Table 1. Estimates of contrasts between groups of Tifton 85 haylage treatments, with their standard 
errors and levels of significance for contents of DM, CP, ADF, lignin, pH, butyric acid, N-NH3, 
population of yeasts and molds, during the aerobic exposition in the winter  

Traits    Day of air exposure Contrasts1 Estimates2 Standard errors P > |t|
DM, % 9 HW × HPA    5,6975 2,56 0,0303
CP, % DM 0      HW × HU  -1,8950 0,76 0,0162
      HPA × HU  -2,4625 0,76 0,0022
 5      HW × HU  -2,3050 0,76 0,0039
ADF, % of DM 9 HW × HPA    5,8425 1,47 <,0001
       HW × HU    3,9502 1,47 0,0093
Lignin, % of DM 9 HW × HPA    2,0375 0,65 0,0026
       HW × HU    1,6253 0,65 0,0234
pH 0      HW × HU   -1,1250 0,24 <0,0001
      HPA × HU   -1,3750 0,24 <0,0001
 5    HW × HPA    1,4500 0,24 <0,0001
      HPA × HU   -1,3250 0,24 <0,0001
 9  HW × HU   -0,7500 0,24 0,0029
      HPA × HU   -1,1000 0,24 <0,0001
Butyric acetic, % of DM 0    HW × HPA 0,0700 0,02 0,0212
   HW × HU 0,0600 0,02 0,0212
 5  HW × HU -0,0725 0,02 <0,0001
      HPA × HU -0,0600 0,02 0,0008
N-NH3, % TN 0 HW × HU -5,2850 1,57 0,0014
      HPA × HU -5,3550 1,57 0,0012
 5    HW × HPA  5,7750 1,57 0,0005
   HW × HU -5,9850 1,57 0,0003
      HPA × HU -11,760 1,57 <0,0001
Yeast, Log UFC/g 5      HW × HU    -2,3797       1,10              0,0340 
 9 HW × HPA     4,6046       1,10  <0,0001 
      HPA × HU    -2,6632       1,10   0,0182 
Molds, Log UFC/g 5 HW × HU     3,6851       0,85 <0,0001 
      HPA × HU     4,4240       0,85 <0,0001 
 9 HW × HPA    -2,5672       0,85   0,0038 
     HPA × HU     3,8428       0,85 <0,0001 

1HE=haylage without additive; HPA=haylage treated with propionic acid; HU=haylage treated with 
urea. 
2Estimates of contrasts between the estimated averages of the first variable (+) and second (-). 
 
Table 2. Estimates of contrasts between groups of Tifton 85 haylage treatments, with their standard 
errors and levels of significance for organic matter (OM), mineral matter (MM) and acetic acid in the 
winter 

Traits         Contrasts1 Estimates2 Standard errors P > |t| 
HW × HPA -0,6208 0,25 0,0153 OM, % of DM        HW × HU -0,7236 0,26 0,0063 
HW × HPA 0,6208 0,25 0,0153 MM, % of DM        HW × HU 0,7236 0,26 0,0063 

Acetic acid, % of DM        HW × HU -0,5083 0,17 0,0033 
       HPA × HU -0,5400 0,17 0,0019 

1HE=haylage without additive; HPA=haylage with propionic acid; HU=haylage with urea.  
2Estimates of contrasts between the estimated averages of the first variable (+) and second (-). 
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Effects of microbial inoculants and dry matter content (maturity) at harvest on the 
fermentation, aerobic stability and digestion of NDF of two corn silage hybrids 
M. C. Santos1, L. T. Tatit2, M.C. Der Bedrosian1, W. Hu1, O. G. Pereira3, L. Williams1, M. 
Gilinsky1, and L. Kung, Jr1. 
1University of Delaware, Newark, Delaware 19716, United States, 2Universidade de São Paulo, 
Piracicaba, SP, Brazil, 3Universidade Federal de Viçosa, Viçosa, MG, Brazil; Email: 
mateus@udel.edu 
 
Introduction Corn silage is a popular forage crop that is used on many dairy farms in the United 
States. The preservation of this crop as silage can be improved by the utilization of microbial 
inoculants. Homolactic bacteria improve fermentation efficiency by increasing lactic acid 
production whereas heterolactic bacteria such as Lactobacillus buchneri preserve forage quality 
after silo opening by increasing the production of acetic acid and reducing the growth of yeasts. 
Recently, a new strain of Lactobacillus buchneri (PTA6138) capable of producing ferulic acid 
esterase was identified during a screening process performed by Nsereko et al. (2007). They 
showed that inoculation with these bacteria can enhance ruminal degradation of fiber and 
improve conservation and feeding value of ensiled crops. However, Hofherr et al. (2008) and 
Kang et al. (2009) found inconsistent results for NDF-digestion of corn hybrids treated with this 
inoculant. The objective of this study was to compare the effect of microbial inoculants on the 
fermentation, digestibility of fiber and aerobic stability of corn hybrids harvested at different DM 
(maturity) contents. 
 
Materials and Methods Two hybrids (DeKalb 6339 and Pioneer 33A88) were harvested at 30, 
32, 37 and 42% DM and untreated or treated with 11CFT (Pioneer Hi-Bred International, Inc., 
Johnston, IA) at a theoretical rate of inoculation of 1 x 105 cfu of L. buchneri PTA6138 per gram 
of wet forage and 1 x 104 cfu/g of L. casei PTA6135 or with Buchneri 500 (Lallemand Animal 
Nutrition, Milwaukee, WI) at a theoretical rate of inoculation of 4 x 105 cfu/g of L. buchneri 
40788 and 1 x 105 cfu/g of Pediococcus pentosaceus 12455. Approximately 600 g of fresh 
forage was ensiled in vacuum- and heat-sealed bag silos (quadruplicate per treatment). After 150 
days of storage, silos were opened, and samples were analyzed for fermentation end products, 
microbial populations, aerobic stability and nutritive value. Digestibility of NDF was determined 
using dried samples ground through a 6-mm screen in a Wiley mill, weighed into in situ bags and 
incubated in the rumen of fistulated steers for 48 h (Pioneer Hi-Bred International, Inc., Johnston, 
IA). Data were analyzed with the GLM procedure (SAS Institute, 2002) and statistical 
significance was declared at the 5% level. 
 
Results and Discussion Table 1 shows the main effects of inoculation on fermentation profile, 
microbial population, aerobic stability, nutritive value and NDF-D. There were hybrid × DM × 
treatment interactions for numbers of lactic acid bacteria, aerobic stability and all fermentation 
end products except lactic acid. No hybrid x DM x treatment interactions were observed for 
nutritive value and NDF-D. Over all hybrids and DM contents, corn silages treated with 
Buchneri 500 and 11CFT had higher concentrations of acetate when compared with control. The 
same response was observed for 1,2-propanediol and the number of lactic acid bacteria. Buchneri 
500 and 11CFT silages were also more stable when exposed to air and had fewer yeasts at the 
time of opening. Inoculation did not statistically improve NDF-D for either hybrid regardless of 
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stage of maturity but when combined as a main effect there was a trend (P < 0.10) for silage 
treated with 11CFT to be more digestible than untreated silage.  
 
Conclusions Inoculation increased acetate and 1,2-propanediol concentration and the number of 
LAB. These inoculants also reduced the population of yeasts and improved aerobic stability. 
However, inoculation had no effect on in situ NDF digestion regardless of the corn silage hybrid 
or stage of maturity it was ensiled at.  
 
Acknowledgments The authors gratefully acknowledge Pioneer Hi-Bred (Johnston, IA) for 
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Table 1. Main effects (averaged across 4 maturities and 2 hybrids) of microbial inoculants on 
NDF and NDF digestion, fermentation profile, microbial population and aerobic stability of 
corn silages 

a,bMeans in the same row with different superscripts differ (P < 0.01). 
c.dMeans in the same row with different superscripts differ (P < 0.10). 
e,fMeans in the same row with different superscripts differ (P < 0.06) 

1Pioneer 11CFT inoculant (Pioneer Hi-Bred International, Inc., Johnston, IA). 
2Buchneri 500 inoculant (Lallemand Animal Nutrition, Milwaukee, WI). 
3NDF digestibilty after 48 h in situ fermentation. 
4Lactic acid bacteria. 

Treatment Item Control LBC1 11CFT2 SEM 

Dry matter (%) 35.83 35.73 35.19 0.25 
NDF (% of DM) 42.48 42.29 41.04 0.58 
NDF-D3 (% of NDF) 43.96d 44.51cd 45.49c 0.50 
pH 3.71e 3.74f 3.74f 0.01 
Lactate (% of DM) 3.36 3.70 3.97 0.29 
Acetate (% of DM) 1.05b 1.52a 1.55a 0.11 
1,2-propanediol (% of DM) 0.24b 0.57a 0.52a 0.04 
Yeast (log10 CFU/g wet forage) 2.35a 0.84b 0.76b 0.22 
LAB4 ( log10 CFU/g wet forage) 6.30b 8.22a 8.01a 0.08 
Aerobic stability (hours) 203b 291a 269a 10 
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Introduction Propionibacteria are able to convert lactic acid and glucose to acetic and propionic 
acids, which have proven to be effective in providing an antifungal effect (Kung, 2001) and to 
improve silage aerobic stability. The objective of the study was to evaluate the effect of 
Propionibacterium acidipropionici exclusively or associated with Lactobacillus buchneri on the 
aerobic stability of corn silages. 
 
Material and Methods Corn plants were harvested at 35.4% mean dry matter (DM) content. 
Approximately 13 kg of chopped material was packed into 20-L plastic buckets and sealed with 
tight lids containing Bunsen valves. Four replicates were prepared for each treatment, totalizing 
16 silos. Treatments were completely random assigned as follows: control, forage without 
microbial additive; LB, forage inoculated with Lactobacillus buchneri (5x104 CFU/g of fresh 
forage); PP, forage inoculated with Propionibacterium acidipropionici (1.2x105 CFU/g of fresh 
forage); and LB+PP: forage inoculated with a mix of L. buchneri (2.5x104 CFU/g of fresh 
forage) and P. acidipropionici (9x104 CFU/g of fresh forage). Silos were opened 104 days after 
storage and aerobic stability was evaluated during 10 consecutive days according to Keady and 
O’Kiely (1996). The silos were weighed and samples collected on day 0, 5 and 10 of the aerobic 
exposure period to measure DM and OM losses and the accumulated total losses from 0-10 days 
(Schmidt, 2006). 
 
Results and Discussion There were no differences (P > 0.05) across the treatments for the time 
to reach the aerobic instability, maximum temperature, time for maximum temperature, 
accumulated temperature from 0-5 days and from 5-10 days, DM losses from 0-5 days and from 
5-10 days, total DM losses from 0-10 days, OM losses from 0-5 days and from 5-10 days and 
total OM losses from 0-10 days (Table 1). The pH increased (P < 0.01) from the day 0 to the day 
10 in all treatments. The association LB+PP maintained the ash content during 0-5 days (P > 
0.05), but increased (P < 0.05) on day 10, which was similar to the other treatments (Table 2).  
The pH and ash content increase during aerobic exposure suggests the consumption of organic 
compounds of the silages, especially soluble carbohydrates.  
 

Conclusions The Propionibacterium acidipropionici, alone or in association with L. buchneri, 
did not improve the aerobic stability of corn silage. The trend (P = 0.12) for differences across 
treatments of OM losses from 0 to 5 days of air exposure might suggest an effect of inoculants 
inhibiting the OM oxidation.   
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Table 1. Mean values of aerobic exposure variables measured in corn silages treated with 
microbial additives 
 Treatments2 
Variable1 Control LB PP LB+PP SEM3 P value

Time of aerobic instability, h 45.38 44.06 44.69 45.18 0.49 0.82 
Maximum temperature, oC 39.88 39.50 38.25 38.75 0.35 0.37 
Time to reach maximum temperature, h 62.94 62.81 64.19 64.63 0.60 0.68 
Accumulated temperature 0-5 days, oC 3203.7 3368.2 2964.1 2910.6 102.57 0.39 
Accumulated temperature 5-10 days, oC 5976.2 6641.0 5726.7 5396.6 255.31 0.39 
DM losses 0-5 days, % 7.83 3.95 5.20 2.92 0.90 0.19 
DM losses 5-10 days, % 7.92 11.29 13.14 12.40 1.03 0.32 
Total DM losses 0-10 days, % 16.08 12.70 19.69 18.11 1.74 0.59 
OM losses  0-5 days, % 11.47 5.40 4.45 4.29 1.28 0.12 
OM losses 5-10 days, % 11.46 19.45 16.76 20.66 1.62 0.20 
Total OM losses 0-10 days, % 23.50 23.64 22.36 21.11 1.28 0.91 
1Variables: DM – dry matter; OM – organic matter; 2Treatments: Control = corn silage without 
additive; LB = corn silage inoculated with Lactobacillus buchneri; PP = corn silage inoculated 
with Propionibacterium acidipropionici; LB+PP = corn silage inoculated with a mixture of L. 
buchneri and P. acidipropionici; 2SEM - standard error mean. 
 

 
Figure 1. Variations in the pH of corn silages during the aerobic exposure 
 
Table 2. Ash content of inoculated corn silages during aerobic exposure 

Time (days) 
Treatments1 

0 5 10 SEM2 

 Ash (% DM)  
Control 4.88c 5.73b 6.56a 0.22 
LB 5.01c 5.61b 6.57a 0.21 
PP 5.08c 5.70b 6.26a 0.19 
LB+PP 5.04b 5.46b 6.50a 0.21 
SEM 0.07 0.10 0.09  
1Treatments: see Table 1. 2SEM - standard error mean. a,b,cMeans in the same row with different 
superscripts differ (P < 0.05). 
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Effects of sodium benzoate on energy content during aerobic exposure of  
low-pectin, wet citrus pulp silages 
J. O. Sarturi1, L. G. Nussio2, M. Zopollatto2, P. Schmidt3, V. P. Santos2, and R. C. Amaral2 

1University of Nebraska Lincoln, UNL, Lincoln, NE, U.S.A.2University of Sao Paulo, 
Piracicaba/SP, Brazil, 3Federal University of Parana, Curitiba/PR, Brazil; Email: 
j_sarturi@yahoo.com.br 
 
Introduction Sodium benzoate is a well known anti fungal additive (Krebs et al., 1983) and its 
addition in feeds is allowed by the FDA. The wet citrus pulp resulting from the orange juice 
industry is further submitted to a secondary extraction to recover pectin. The co-product from 
this extraction is called low pectin wet citrus pulp, which may be used as cattle feed ingredient, 
either fresh fed or ensiled. Low pectin wet citrus pulp silage (LPWCPS) typically shows a low 
pH pattern which might be helpful in preventing fermentation losses in the silo. However, during 
air exposure, fungi and yeasts may grow on the silo bunk face and consequently spoil the 
substrate under aerobic conditions. So, the aim of this trial was to evaluate the effect of sodium 
benzoate, applied on the surface or mixed thoroughly with citrus pulp, on the aerobic stability of 
LPWCPS. 
 
Materials and Methods Fifteen experimental silos (20-L plastic buckets) were filled with low 
pectin wet citrus pulp and completely randomly assigned to the following treatments: Control 
(LPWCPS without additive); Surface (sodium benzoate applied only at the surface, 0.18% on a 
fresh basis, calculated for 20% of the peripheral zone); Mixed (sodium benzoate, 0.18% on fresh 
basis). After 120 days storage, an aerobic evaluation was carried out after the silos were opened 
throughout 10 consecutive days. During the aerobic evaluation, electronic devices (data loggers) 
were positioned inside of the silage mass in each lab silo, to take temperature measurements. 
Besides that, daily samples were collected to evaluate pH and dry matter samples only on days 0, 
5 and 10. 
 
Results and Discussion The mixed treatment showed lower (P < 0.05) losses of gross energy 
than the control (Table 1), from the day 0 through the day 10, however, there was no difference 
between the mixed and surface treatments, suggesting that benzoate applied only at the LPWCPS 
surface might help to protect the whole silage mass. The control showed higher (P < 0.05) dry 
matter losses (Table 1) that can be partially explained by the higher temperature reached for this 
treatment (Figure 1). On the other hand, its pH was the lowest (P < 0.05) found. The mixed 
treatment reached its highest temperature faster than the others; however, it did not show the 
highest temperature (Figure 1).  
 
Conclusions The sodium benzoate additive, when mixed with the silage, was effective for 
controling the temperature and minimizing losses of gross energy and dry matter losses during 
aerobic exposure.   
 
References 
Krebs, H. A., D. Wiggins, and M. Stubbs. 1983. Studies on the mechanism of the antifungal 

action of benzoate. Biochemical J. 214:657-663. 
 
 



 

July 27-29, 2009 – Madison, Wisconsin, USA 314 

 
Table 1. Mean gross energy losses, dry matter losses and pH throughout aerobic exposure of low 
pectin wet citrus pulp silage treated with sodium benzoate 
Variables Control Surface1 Mixed P-value 

Gross energy losses, %     
0-5 days 6.91 9.20 4.96 0.38 
5-10 days 6.34 3.17 2.78 0.11 
0-10 days 12.81a 12.06ab 7.24b 0.03 

Dry matter losses, %     
0-5 days 2.04 2.00 2.03 0.99 
5-10 days 2.86a 2.21b 2.00b 0.001 
0-10 days 4.47 4.25 4.05 0.89 

Mean pH     
0-5 days 3.27c 3.37b 3.66a < 0.0001 
5-10 days 3.11c 3.25b 3.58a < 0.0001 
0-10 days 3.19c 3.31b 3.62a < 0.0001 
a, b, c Means in the same row with different superscripts differ (P < 0.05); 
1Surface or Mixed – Sodium benzoate applied only at the surface or mixed with the co-product 
during ensiling. 
 

 

 
Figure 1. Maximum temperature, and time to reach maximum temperature, of low pectin wet 
citrus pulp silage treated with sodium benzoate during aerobic exposure. 
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Lactobacillus brevis improves silage quality and aerobic stability in corn silages 
K. Schoendorfer1,  Y. Acosta Aragón2, S. Pasteiner2, A. Klimitsch1, and G. Schatzmayr1 
1BIOMIN Research Center, Tulln, Austria, 2BIOMIN Holding  GmbH, Herzogenburg, Austria; 
Email: karin.schoendorfer@biomin.net 
 
Introduction Lactobacillus brevis (LBr) belongs to the group of lactic acid bacteria, which 
comprises a number of non-pathogenic organisms widely distributed in food and feed. It is a 
gram-positive, non-sporeforming, rod-shaped bacterium. It is a catalase-negative, non-motile 
heterofermenter, which uses the 6-phosphogluconate pathway to ferment hexoses to lactic acid, 
ethanol, acetic acid and carbon dioxide. The microorganism grows both under aerobic and 
anaerobic conditions in the mesophilic temperature range with its growth optimum at 29°C at a 
pH value of 5.5 (NCBI, 2008; JGI, 2008). In silage, LBr excerpts its effects via the lowering of 
the pH value by production of lactic acid, which is useful for the inhibition of spoilage organisms 
such as clostridia, and via the production of acetic acid, which inhibits molds and yeasts and 
therefore improves aerobic stability upon opening of the silo. The aim of these trials was to 
quantify the effect of LBr as silage inoculant on corn silage quality parameters. 
 
Materials and Methods Two trials, one with crushed corn grain (CCG) and one with corn 
whole plant (CWP), were conducted to test the effectivity of LBr as silage inoculant. The 
substrates were ensiled under laboratory conditions in buckets (5 liters), using LBr as silage 
additive and compared to a non-treated control (CT). Treated silages were inoculated with a 
concentration of 1 x 105 cfu/g silage. Each treatment had 3 replicates. Model silos were opened 
after 45 and 90 days. The following parameters were analyzed: nutrient and energy contents 
(only for CWP), pH values, lactic and acetic acid and aerobic stability during 7 days (Honig, 
1990). Averages of the 3 replicates were calculated and compared LBr vs. CT.  
 
Results and Discussion The inoculation with LBr improved the production of lactic and acetic 
acid in CCG after 90 days (+ 3.76 and 1.03 g/kg DM, respectively) as well as in the CWP silage 
(+ 5.33 and 8.31 g/ kg DM, respectively) (Table 1). The inoculation with LBr not only led to an 
improved acid content, but also to longer aerobic stability. These differences were more marked 
with time (1.1 – 4.7 at 90 days of ensiling vs. 0.2 – 0.6 at 45 days). The digestibility of Organic 
Matter (DOM) was improved in the CWP silage by 0.4 and 0.3 % after 45 and 90 days, 
respectively (Figure 1), as well as was the energy content in the silage (+0.08 MJ NET/ kg DM), 
at both opening times (Figure 2).  
 
Conclusions  The addition of L. brevis in crushed corn grain and corn whole plant silages 
resulted in a better fermentation, as reflected in higher production of lactic and acetic acids and 
longer aerobic stability, as well as in higher digestibility of the organic matter and energy content. 
This strain is very promising for the improvement of the quality and the aerobic stability of corn 
silages.  
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 Table 1. Fermentation quality and aerobic stability in silages treated with L. brevis (n = 3) 
 Parameter   CCG CWP 
    LBr CT 

Difference
(LBr - CT) LBr CT 

Difference 
(LBr - CT)

Lactic  26,39 22,63 3,76 73,43 68,10 5,33 Acid  
(g/kg DM) Acetic  3,32 2,29 1,03 20,44 12,14 8,31 

45  3 2,4 0,6 5,85 5,64 0,2 Aerobic stability  
at (days of ensiling) 90  7 2,3 4,7 7,00 5,88 1,1 
        

  

   
 
Figure 1 (left). Digestibility of the organic matter in corn whole plant silages treated or not with 
L. brevis after 45 and 90 days of ensiling 
 
Figure 2 (right). Net energy lactation in corn whole plant silages treated or not with L. brevis 
after 45 and 90 days of ensiling   
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Managing and controlling silos to avoid losses by reheating of grass silage 
H. Spiekers1, J. Ostertag2, K. Meyer2, J. Bauer2, and W.I.F. Richter1 
1Bavarian State Research Centre for Agriculture, Institute of Animal Nutrition and Feed 
Management, Grub, Germany, 2Technical University Munich, Department of Animal Hygiene, 
Germany; Email: hubert.spiekers@lfl.bayern.de 
 
Introduction The hygienic quality of grass and maize silage has a great influence on the quality 
of food of animal origin. New safety standards require health care for animals and hence for 
consumers of animal products. To achieve these standards, efficient control of silage production 
should be introduced. In establishing such measures, a comprehensive research project was 
conducted (Richter et al. 2009). The quality of grass and maize silages was studied, including the 
investigation of the microbiological and mycotoxicological state of the samples (Meyer et al. 
2009). Here we present specific results for the grass silages.  
 
Materials and Methods Detailed information on silage making procedures was collected via a 
questionnaire. Samples were collected from 45 farms and 5 research stations. On collection, 
measurements of temperature and physical properties of the silages were taken. Additionally 
temperature at the face of the silo was measured using a thermometer at six points in a fixed 
scheme and by a thermal imager to quickly pinpoint the hot-spot areas. To elaborate the critical 
value of 5 °K we set the difference of each measuring point (middle – left/right) in the top and in 
the bottom of silos at 40 and 100 cm respectively. Furthermore, we constructed classes with the 
differences < 3 °K, 3.0-5.0 °K and > 5 °K. The dates of sampling were also recorded. For the 
analysis of quality control, the methods of ensiling, temperature changes at different depths from 
the face of the open silo and compaction were taken into account. From 127 grass silos (Figure 
1), 280 samples of different quality (normal, reheated, molded) were examined for 
microbiological and mycotoxicological conditions.  
 
Results and Discussion Vehicles of 5 to 15 t were used for compaction. Filling the silos lasted 
between 7 and 15 hours. The silo volumes ranged from 320 to 410 m³. The calculated filling 
intensity ranged from 15 to 39 t FM/h. The chop length varied between 51 and 58 mm for the 
self-loading forage wagon and between 37 to 47 mm for the crop cutter. Temperature 
measurements revealed that about 49% of the silages had a temperature difference above 5 °K in 
the top and 38% at the bottom of the silos, which indicates reheating (> 20 °C). The mean of 
density increased in the order - top (173 ± 44), middle (214 ± 46), bottom (229 ± 45 kg DM/m3). 
With a higher DM the density increased by 3 kg DM/m3 per one percentage point (Figure 1). In 
different sample qualities, normal (39%), reheated (49%) and molded (59%), metabolites of 
Aspergillus fumigatus were found by Ostertag et al. (2009). In molded grass silages, tremorgenic 
metabolites of the verruculogen-fumitremorgin group have been detected in concentrations up to 
2 mg/kg of DM. Avoidance of reheating reduces nutrition losses of silages and improves animal 
health. The advice for farmers is that molded feed should be discarded.  
 
Conclusions Management is an important instrument to make good quality silage. The 
information from density and temperature-measurements explained reheating and can assist in 
optimizing silage production. Recommended ranges of density are given in Table 1. The 
controlling can also be used in advisory work and as an instrument of management of contracts 
and complaints between farmers and contractors. 
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Figure 1. Relationship between density and dry matter content of grass silage (means silo-1) 
 
 

Table 1. Recommended ranges of density (kg DM m-3) for grass silage in the controlling 
DM 
% 

Aim value* 
gas exchange 
> 20 l m-2 

Regression 
from 

Figure 1 

Recommended 
range 

20 160 159 155 – 165 
25  177 170 – 180 
30  195 190 – 200 
35  213 205 – 215 
40 225 231 220 – 230 
45  249 240 – 250 
50  267 255 – 270 
55  285 275 - 290 

* Praxishandbuch Futterkonservierung DLG Verlag. 7. Auflage. (2006). 

 

trend

suggested target DM 



 

XVth International Silage Conference Proceedings 319 

Effects of Lactic Acid Bacteria and Cellulase Additives on Fermentation Quality and 
Chemical Composition of Shrub Silage  
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Introduction The common characteristics for the intermediate pea-shrub, rush bushclover, 
arborecent ceratoides, and shrubby sweetvetch are as follows: better adaptability, cold tolerance, 
drought resistance, leanness tolerance, and high yield (Liu et al., 2008). With development of 
animal husbandry, feedstuff deficiency is the main limiting factor for livestock production. 
Moreover, the four shrubs are high in nutritional value and crude protein (CP), ether extract, and 
minerals; and they are a possible new resource for livestock feed through efficient preservation. In 
this study, the effects of LAB and cellulase additives on fermentation quality and chemical 
compositions of shrub silages were studied by using a small-scale fermentation system. 
 
Materials and Methods The intermediate pea-shrub, rush bushclover, arborecent ceratoides and 
shrubby sweetvetch were obtained with 2-year branches from a grassland experimental station (Linxi, 
Inner Mongolia, China) on June 2006 to June 2007. Two inoculants of Qingbao and Caihe and 
cellulase enzyme produced from Trichoderma reesei were used for silage preparation. The four kinds 
of shrub samples were cut into 2-5 cm particle size by rubbing filament machine, and silages were 
made using a small-scale system of silage fermentation (Tanaka et al., 1994). Approximately 2,000 g 
portions of shrub material were packed into plastic pots (2.5 l capacity), and the pots sealed with a 
vacuum. The silage treatments were: 1) untreated control, 2) Qingbao applied at a rate of 5.0 x 109 
cfu/g of fresh matter (FM), 3) Caihe applied at a rate of 0.5g/kg of FM, and 4) cellulase applied at a 
rate of 1.0 g/kg of FM. There were five silos per treatment, and the silos were stored at a room 
temperature of 20 °C for 50 days. 
 
Results and Discussion The dry matter (DM), crude protein and water-soluble carbohydrate 
contents of the four shrubs were 44.1-54.8, 10.1-14.2, and 1.9-3.5% on DM basis, respectively. The 
neutral detergent fiber and ether extract contents were similar, ranging from 62.6-67.2 and 2.0-2.4% 
on DM basis, respectively. All shrub silages were well preserved, and they had relatively low pH 
values and butyric acid content and high lactic acid content.  
 
Conclusions The results confirmed that the four shrubs can be ensiled successfully, maintain a high 
nutritional quality, and they are a potential new resource for livestock feed. 
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Table 1. Fermentation quality of the four shrub silages (Unit: g/100 g FM) 
 

a,b,c,dMeans within columns with different letters differ (P < 0.05).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Treatments pH Lactic acid Acetic acid Propionate Butyric 
acid NH-N

CK 3.75 1.78±0.01b 0.49±0.01b 0.07±0.02b 0.08±0.01a 0.07 
QingbaoⅡ 3.68 1.70±0.00c 0.78±0.01a 0.12±0.01a 0.00±0.00b 0.04 
Caihe 3.87 1.38±0.01d 0.53±0.03b 0.08±0.00b 0.00±0.00b 0.05 

Intermediate 
pea-shrub 

Cellulase 3.64 3.26±0.04a 0.36±0.03c 0.13±0.01a 0.00±0.00b 0.04 
CK 4.24 1.98±0.01b 0.44±0.01b 0.35±0.01b 0.00±0.00c 0.09 
QingbaoⅡ 4.14 1.64±0.02c 0.20±0.03c 0.53±0.01a 0.00±0.00c 0.06 
Caihe 4.18 1.48±0.02d 0.67±0.01a 0.25±0.03c 0.10±0.01a 0.07 

Rush 
bushclover 

Cellulase 4.12 3.87±0.02a 0.43±0.01b 0.25±0.00c 0.04±0.00b 0.04 
CK 3.69 2.22±0.00a 0.26±0.01d 0.08±0.01a 0.24±0.03a 0.12 
QingbaoⅡ 3.77 1.28±0.01d 0.74±0.00c 0.07±0.00a 0.13±0.01b 0.10 
Caihe 3.42 1.45±0.03c 1.64±0.01a 0.11±0.01a 0.00±0.00c 0.07 

Arborescent 
ceratoides 

Cellulase 3.40 1.86±0.01b 1.09±0.03b 0.10±0.01a 0.00±0.00c 0.07 
CK 4.43 1.74±0.04d 0.64±0.03ab 0.50±0.01b 0.04±0.01b 0.12 
QingbaoⅡ 4.32 4.31±0.02a 0.58±0.03b 0.48±0.01b 0.09±0.00a 0.12 
Caihe 4.39 2.39±0.01c 0.57±0.01b 0.52±0.00ab 0.04±0.03b 0.09 

Shrubby 
sweetvetch 

Cellulase 4.26 2.87±0.01b 0.77±0.00a 0.56±0.03a 0.05±0.01b 0.09 

Figure 1. Decline in pH of intermediate 
pea-shrub silage during 50 days of the 
ensiling period 
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Figure 2. Decline in pH of rush bush-
clover silage during 50 days of the 
ensiling period 
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Quantifying the extent of aerobic deterioration in corn bunker and pile silages  
at the farm level 
E. Tabacco, and G. Borreani 
Dip. Agronomia, Selvicoltura e Gestione del Territorio, University of Turin, Italy; Email: 
ernesto.tabacco@unito.it 
 
Introduction Whole-plant corn silage, stored in horizontal silos, is the main source of forage for 
lactating dairy cows throughout the world. Aerobic deterioration can cause large losses of dry 
matter (DM) and quality because of the large surface area prone to oxygen penetration, imperfect 
sealing, and the great dependence on management practices during filling and feed-out. Aerobic 
deterioration of silage does not only cause losses of nutritional value, it also negatively affects 
the hygienic quality of silages due to the increased risk of proliferation of potentially pathogenic 
or otherwise undesirable microorganisms, such as molds, bacilli, and clostridia spores. Such 
activities result in the accumulation of pathogenic organisms and their toxins in the silage with 
effects on animal and human health, the accumulation of degradation products, and the 
transmission of organisms that can negatively affect food quality. Our aims were to relate the 
microbial and chemical composition of silage during feed-out to temperature and to quantify the 
extent of aerobic deterioration, on a farm scale, through silage termography. 
 
Materials and Methods A survey was carried out in the western Po Plain (Italy) on 54 dairy 
farms (Italian Friesian cows) that supply milk to cheese or milk factories. One corn silage bunker, 
that was open for at least 20 d, was examined in detail on each farm. Samples from the core and 
the peripheral areas were made with a steel 45 mm diameter corer to a depth of 200 mm. Core 
samples were taken in the middle of the silo and from the peripheral areas with no visible mold. 
When molds were present, a grab sample of about 0.5 kg was taken from up to three visible 
molded spots. The temperatures were measured in the same silos using a 60-cm probe 
thermometer at 20-cm depths into the working face. Measurements were taken at 11 locations 
across the working face and at 7 elevations. The area of the working face with visible molds was 
also determined and measured. The samples were analyzed for DM content, pH, water activity 
(aw), nitrates, lactic, acetic, and butyric acids, and microbiological count of yeasts, molds, 
Bacillus and clostridia spores, as described in Borreani and Tabacco (2008). 
 
Results and Discussion The silage cores had a DM content that ranged from 26.2 to 41.4%, an 
average aw of 0.981, and an average pH of 3.64. The lactic acid ranged from 1.44 to 8.98% of 
DM, the acetic acid from 0.17 to 5.48% of DM, whereas the butyric acid was always below the 
detection limit. The core had a mean yeast, mold, Bacillus and clostridia spore counts of 2.93, 
1.76, and 3.14 log cfu/g and 1.36 log MPN/g, respectively. The samples from the peripheral 
areas with no visible molds presented chemical values that ranged from values that were similar 
to those of the core to values that are characteristic of deeply altered silage (pH up to 8.71, and 
the absence of lactic and acetic acids). As expected, the samples from the molded spots presented 
deeply altered chemical and microbial profiles, with a mean pH of 6.84, aw of 0.993, yeast higher 
than 6 log cfu/g, mold around 8 log cfu/g, clostridial spores from 1.48 to 7.04 log MPN/g, the 
absence of lactic and acetic acids, and a butyric acid content that ranged from < 0.001 to 0.24% 
of DM. The silage temperature in the middle of the silo was on average 18.6°C, whereas higher 
values were observed in the peripheral areas and in the molded spots of the silo with 
temperatures of up to 54.5°C. The relationships between dT and pH, yeast count and clostridial 
spore content are reported in Figures 1, 2 and 3, where all the data from the survey have been 
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pooled together. A positive dT higher than 5°C corresponded to a pH higher than 4.5 and a yeast 
count higher than 5 log cfu/g in most of the silages from the peripheral areas and from the 
molded spots. A dT higher than 5°C was also indicative of a high clostridial spore concentration, 
when the nitrate content was below 100 mg/kg of fresh matter. The data from this farm survey 
underline the importance of avoiding silage aerobic deterioration at thefarm level in order to 
reduce the risk of microbiological contamination of animal rations. It has also been concluded 
that the temperature of the working face of the area with no visible molds could be a simple and 
easy way of measuring aerobic deterioration during feed-out of silages and relating it to the 
chemical and microbiological status of the silage. 
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Table 1. Chemical and microbiological characteristics of the surveyed corn silages 
Items Silage core  Peripheral areas  Molded spots 

 (n = 108) (n = 108) (n = 153) 
DM content, % 34.3 (26.2 - 41.4) 34.1 (16.3 - 47.4) 33.4 (11.5 - 48.4) 
Water activity 0.981 (0.960 - 0.990) 0.988 (0.963 - 1.00) 0.993 (0.970 - 1.00) 
pH  3.64 (3.45 - 4.03) 4.97 (3.53 - 8.71) 6.84 (4.70 - 8.33) 
Yeast, log cfu/g 2.93 (<1.00 - 5.70) 5.48 (<1.00 - 8.57) 6.33 (3.00 - 8.40) 
Mold, log cfu/g 1.76 (<1.00 - 4.04) 3.71 (<1.00 - 6.65) 8.00 (5.70 - 9.40) 
Clostridial spore, log MPN/g 1.36 (<1.18 - 2.36) 2.75 (<1.18 - 6.46) 5.08 (1.48 - 7.04) 
Bacillus spore, log cfu/g 3.14 (1.70 - 4.20) 3.58 (1.77 - 8.28) 8.17 (4.26 - 9.58) 
Sample temperature, °C 18.6 (12.0 - 22.9) 30.6 (7.6 - 51.8) 35.4 (12.4 - 54.5) 
dT, °C1 -1.5 (-5.9 - 1.9) 9.9 (-5.7 - 33.5) 13.3 (-6.0 - 33.5) 
Nitrate, mg/kg fresh matter 349 (<100 - 3367) 298 (<100 - 4791) 48 (<100 - 1523) 
Lactic acid, % DM 5.45 (1.44 - 8.98) 2.91 (<0.001 - 7.09) 0.02 (<0.001 - 0.85) 
Acetic acid, % DM 1.67 (0.17 - 5.68) 1.63 (<0.001 - 6.16) 0.02 (<0.001 - 0.72) 
Butyric acid, % DM <0.001 0.03 (<0.001 - 0.64) 0.02 (<0.001 - 0.24) 
1 dT = difference between the temperature of the silage sample and the temperature of central zone of the silo 
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Figure 1, 2, 3 Relationship between dT and pH, yeast and clostridial spores of all silage samples. 
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The use of an oxygen barrier film and Lactobacillus buchneri to preserve alfalfa bale silage at 
high and low dry matter contents 
E. Tabacco, A. Revello Chion, and G. Borreani 
Dip. Agronomia, Selvicoltura e Gestione del Territorio, University of Turin, Italy; Email: 
ernesto.tabacco@unito.it 
 
Introduction  Alfalfa is particularly difficult to ensile in wrapped bales, both at a low dry matter 
(DM) content (< 300 g/kg), due to its low concentration of fermentable substrates and high buffering 
capacity, and at a high DM content (> 600 g/kg), due to the difficulties of achieving the proper DM 
density and a strict air-free environment. Lactobacillus buchneri, a heterofermentative LAB 
inoculant when added to forage at harvest, has resulted in an increase in the concentration of acetic 
acid which inhibits yeast development and thus preserves silages from aerobic spoilage (Filya et al., 
2007). Recently, a new oxygen barrier (OB) stretch film with a 18-fold lower oxygen permeability 
than the polyethylene (PE) stretch film commonly used on farms has become available in Europe. 
This new material may solve problems that have restricted the application of wrapping technology to 
extremely wilted alfalfa silage without increasing the amount of plastic applied, which results in 
increased costs and environmental concerns (Borreani and Tabacco, 2008). The objectives of the test 
were to test the OB stretch film and the polyethylene (PE) stretch film in combination with Lact. 
buchneri inoculum and their effects on the microbial status, the surface covered by mold, and the 
fermentation characteristics of alfalfa bales ensiled at very high and very low DM contents. 
 
Materials and methods  Field experiment was conducted near Turin (Italy), on first cut of alfalfa 
harvested at very low (LDM) and very high DM (HDM) contents (around 250 g/kg and 650 g/kg, 
respectively). The herbages were ensiled in round bales, without a LAB inoculant and with a Lact. 
buchneri inoculum (NCIMB 40788, Lallemand SA, France theoretical rate 106 cfu/g fresh forage). 
Four bale were randomly wrapped for each treatment with six layers of either conventional PE or 
OB film. The thickness of the two plastic films was 25 microns and the O2 permeability was 7120 
and 400 cm3/m2 per 24 hours at 23°C for PE and OB, respectively. After 12 mo of conservation, 
four cores were taken from the side of the bales from a depth of 0 to 120 mm with a core sampler 
(45 mm diameter) and mixed together to determine DM content, pH, and yeast and mold counts. 
Samples were also taken from a depth of 121 to 550 mm from the bale surfaces using the same holes, 
for microbiological and fermentative analyses. The data were analysed by ANOVA utilizing the 
inoculum treatment (I) and the film type (F), as fixed factors, with four replicates. The mold surface 
coverage data, expressed as a bale surface percentage, were analysed as angular transformed values 
(arcsine transformation). All the microbial counts were log10 transformed to obtain log-normal 
distributed data. 
 
Results and Discussion Lact. buchneri inoculum significantly affected the final outcome of 
fermentation in the LDM alfalfa silages (Table 1). The LDM silages treated with Lact. buchneri had 
a lower pH, higher concentrations of lactic and acetic acids, a lower concentration of ammonia 
nitrogen, and a lower percentage of the bale surface covered by mold than the untreated silages. The 
inoculum treatment shifted the fermentation to acetic acid relative to the untreated silages (i.e. lower 
lactate:acetate ratio), as expected with a heterolactic fermentation, even though it produced more 
lactic acid than the control treatment. The OB film significantly reduced the ammonia nitrogen and 
surface covered by mold in LDM silages, when used in combination with the Lact. buchneri 
inoculum, whereas it was not effective when used alone, with silages having traces of butyric acid 
and higher concentrations of ammonia nitrogen. In the HDM silages, the OB film significantly 
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reduced the pH, increased the production of lactic and acetic acid, reduced the ethanol concentration, 
the presence of mold cfu and the surface of the bale covered by mold, whereas the Lact. buchneri 
inoculum had no effects. It has been suggested that, as the DM content of ensiled forages increases, 
the activity of lactic acid producing bacteria decreases because of a low water activity and increased 
osmotic pressure restrict bacterial growth (Muck, 1989). The OB film limited the exchange of 
oxygen from outside to the inside of the wrapped bale and contributed to the higher quality of the 
silage compared to that of the bale wrapped with a conventional PE film. It has been concluded that 
Lact buchneri inoculum and a stretch film with low oxygen permeability represent a valuable tool to 
improve fermentation and conservation quality of alfalfa ensiled in round bales at very high or very 
low DM concentrations. 
 
References  
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Table 1. Fermentation profiles, yeast and mold counts, and surface covered by mold on alfalfa bales 
ensiled at two DM contents; low DM content (LDM) and high DM content (HDM) 
Stretch 
film Inoculum DM pH 

Lactic 
acid 

Acetic 
acid 

Butyric 
acid Ethanol NH3-N Yeast† Mold† 

Molded 
surface

  g/kg  g/kg DM g/kg NT cfu g-1 % 
LDM      
OB yes 246 4.88 41.7 17.8 0.1 n.d. 200.5 0.70 1.48 0.0 
OB no 229 5.48 26.4 6.4 6.9 n.d. 293.5 1.36 2.24 0.0 
PE yes 254 4.89 41.1 18.4 <0.01 n.d. 197.4 0.66 1.04 0.0 
PE no 258 5.13 25.3 7.1 0.7 n.d. 210.6 1.01 1.41 3.2 

Inoculum effect (I) NS *** *** *** ** - *** NS NS * 
Film effect (F) NS NS NS NS ** - ** NS NS * 

Interaction (I x F) NS NS NS NS ** - ** NS NS * 
 SED      -     

HDM            
OB yes 729 5.50 2.0 2.1 <0.01 0.0 27.9 4.10 2.85 1.7 
OB no 699 5.51 <0.01 2.0 <0.01 2.2 34.6 5.08 2.81 3.8 
PE yes 723 5.66 <0.01 <0.01 <0.01 5.7 30.8 3.81 3.78 14.5 
PE no 700 5.65 <0.01 <0.01 <0.01 4.2 35.0 4.51 3.45 13.5 

Inoculum effect (I) NS NS NS NS - NS NS NS NS NS 
Film effect (F) NS *** NS *** - *** NS NS * ** 

Interaction (I x F) NS NS NS NS - * NS NS NS NS 
 SED     -      
†The yeast and mold counts refer to the bale surface layer (0-120 mm). n.d., not determined; NS, 
not significant, *, **, ***, significantly different for P < 0.05, 0.01, 0.001, respectively. 
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The Dynamic Change of (Eurotia arborescens) C. arborescens Fermentation Quality 
in theprocess of ensiling 
L. Tao1, Y. Cai2, Q. Z. Sun3, and Z. Yu1 
1Institute of Grassland Science, China Agriculture University, Beijing 100193, China, 2National 
Institute of Livestock and Grassland Science Nasushiobara, Tochigi 329-2793, Japan, 3Institute 
of Grassland Research, Chinese Academic Agricultural Science, Huhhot, 010010 China; Email: 
taolian@cau.edu.cn 
 
Introduction The effects of different additives with LAB , Cellulase and LAB+Cellulase on the 
dynamic change of (Eurotia arborescens) C.arborescens fermentation quality during the ensiling 
process were investigated.  
 
Materials and Methods The first cutting C.arborescens was harvested at early blooming stage 
Experimental sites located in Chifeng City, Inner Mongolia Linxi County (Longitude: 118°04', 
latitude: 43°36', Elevation: 800 m; Experimental time was the end of June 2008). The herbage 
was chopped into approximately 20mm length and ensiled in plastic bags with LaLsIL Dry 
(Lactobacillus > 6 x 1010 cfu/g, Pediococcus > 2×1010 cfu/g, cellulase and hemicellulose 
enzyme (enzyme activity > 20 000 IU/g); 5g/t FW), Cellulase (Acremmoocium and 
Trichioderma were mixed by the ratio of 1:2 to form a hybrid product; 15 g/t FW) And LaLsIL 
Dry+ Cellulase (5 +15 g/t FW) and without any additives as control. Triplicate silos for each 
treatment were stored for 3, 5, 10, 30 and 45 d at room temperature (25-30 degrees), then 
sampled for the analysis of silage quality (Yu et al., 1999).  
 
Results and Discussion In the first 5 days of the fermentation process, the decline in pH value of 
all the treatments was evident. The pH value of CK treatment was higher than the CE, LD and 
LD + CE treatment. From the first 5 days, the pH value range of all the treatment became smaller 
and more stabile. At day 45, CE and LD + CE treatments had the lowest pH value, 4.34 and 4.12. 
Compared with the CK, the pH value fell 7.07% and 11.78% (Figure 1). 

The lactic acid content of all the treatments increased rapidly in the first 10 days, 
followed by a more moderate upward trend. In the whole fermentation process of silage, the 
lactic acid content of the LD+CE treatment was the highest, and the CE treatment ranked 2; at 
day of 45, lactic acid content of LD + CE treatment increased by 80.41% compared with CK, CE 
treatment increased by 52.03% compared with CK; LD and CK treatments changed similarly, 
and the acid content was similar.  On the first day, all the treatments had very low acetic acid 
content, which was lower than 0.4%. The acetic acid content of CK treatment increased rapidly 
in the first 10 days. The upward trend of acetic acid content in all the additives was slow after the 
5th day. The LD treatment had the lowest acetic acid content compared to the CK treatment. In 
the fermentation process, butyric acid content of all the treatment was on the rise, with the CK 
treatment having the biggest increase. On day 45, LD + CE treatment had the lowest butyric acid 
content, which was 0.17%; followed by the CE treatment at 0.2%; the butyric acid content of CK 
treatment was the highest, reaching 0.30%.After the 10th day, ammonia nitrogen content was 
similar. At the 45th day, the ammonia nitrogen content of LD, CE and LD + CE treatments were 
lower than the CK treatment; the LD + CE treatment were the lowest, and lower than CK 
treatment by 30.86%. The ammonia nitrogen content of the CE and LD treatments were 
decreased by 21.94% and 4.08% compared with the CK treatment. Based on the silage score, the 
rank of CK treatment was good, and LD, CE and LD + CE treatments were excellent (Table 1). 
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Conclusions From our results of fermentation parameters showed, the additives improved the 
fermentation quality of C.arborescens silages; the LAB + Cellulase treatment had the most 
obvious effect. 
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Figure 1. Changes in pH during ensiling of treated with CK, LD, CE and LD+CE. Vertical bar 

represent ±S.E.M. 
 

Table 1.  The evaluation of the C.arborescens silages 

 

 
Treatments 

Lactic  
Acid  
Score 

Acetic  
Acid  
Score 

Butyric   
Acid       
Score 

Total 
Acid       
Score 

Ammona 
Nitrogen 
Score 

 Total 
 Score 

Rank 

CK 13 25 30  34 46 80 good 
LD  16 25 34 37.5 48 85.5 excellent 
CE  22 25 35 41 48 89 excellent 
LD+CE  25 25 37 43.5 50 93.5 excellent 
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Fermentation and nutritional value of blighted corn silage 
H. A. van Schooten and R.L.G. Zom 
ASG, Wageningen University and Research Centre, Lelystad, Netherlands; 
Email: herman.vanschooten@wur.nl 
 
Introduction In the Netherlands in 2007 the corn was infected with blight for the first time on a 
large scale. Infection of corn silage with Northern Leaf Blight (H. turcicum) or with 
Helminthosporium Leaf spot (H. carbonum) can reduce yield and might effect the quality, 
depending on the time and seriousness of the infection (Caldwell and Perry, 1972: Van Schooten 
et al., 2009). The objective of this study was to monitor the fermentation characteristics and 
nutrition value of corn silages, which were infected with Northern Leaf Blight or with 
Helminthosporium Leaf Spot. 
 
Materials and Methods Silages made from blighted corn grown on 12 farms in 2007 were 
selected for this study. Core samples from the cutting surface of the silages were taken one time 
during the feedout period. The fermentation characteristics, chemical composition, and 
nutritional value of the blighted corn silages were quantified and compared with non-infected 
corn silages. 
 
Results and Discussion Based on farmer observations, blight infections occurred at the end of 
the ear filling period or just after ear filling. At harvest, 80-100% of the stems and leafs were 
infected. The average whole-crop dry matter (WCDM) content of the blighted corn silages was 
slightly lower than non-infected corn silage (Table 1) and varied from 280 to 360 g/kg. Although 
there was a considerable variation the average lactic acid content of the blighted corn silages was 
equal to the non-infected corn silages. One blighted silage had a very low lactic acid content of 2 
g/kg (Figure 1). The somewhat higher average acetic and propionic acid contents of the blighted 
corn silages compared to non-infected corn silages were caused by four silages that were treated 
with an additive, which stimulates the production of acetic acid. The starch content of nine of the 
12 blighted corn silages was lower than of non-infected corn silages (Figure 1). The average 
starch content of the blighted silages was 326 g/kg DM, which was slightly lower than the 
average of 345 g starch /kg DM in non-infected corn silages. Infection with Northern Leaf Blight 
or with Helminthosporium Leafspot did not have a negative effect on NDF digestibility. The 
average NDF digestibility of the blighted silages was 50.6%, which was slightly higher than the 
non-infected corn silage.  
 
Conclusions When corn silage was harvested at a normal DM content of 300 to 350 g/kg, 
infection with leaf blight had very little effect on fermentation characteristics and nutritional 
value. 
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Table 1. Silage characteristics, chemical composition, and nutritive value of blighted corn silage 
(mean ± SD) compared with non-infected corn silage   
Item Blighted corn silage (n=12) Non-infected corn silage 
WCDM, g/kg 327 ± 34 340 
Silage characteristics   

pH  4,0 ± 0,2 3.9 
Lactic acid, g/kg 17,1 ± 5,8 17.3 
Acetic acid, g/kg 6,7 ± 4,0 4.9 
Butyric acid, g/kg 0,1 ± 0,1 0.1 
Propionic acid, g/kg 0,6 ± 0,9 0.1 
Ethanol, g/kg 3,9 ± 0,8 2.5 

Chemical composition   
Crude protein, g/kg DM 67 ± 8 70 
Crude fiber, g/kg DM 200 ± 14 190 
Crude ash, g/kg DM 37 ± 3 38 
Sugar, g/kg DM 14 ± 5 13 
Starch, g/kg DM 326 ± 24  343 
NDF, g/kg DM 431 ± 29 393 
dNDF, % 50,6 ± 1,8 49.2 
ADF, g/kg DM 235 ± 17 215 
ADL, g/kg DM 20 ± 1 19 

Nutritive value   
 dOM, % 75,3 ± 0,9 75.3 
 NEL, MJ/kg DM 6,6 ± 0,1 6.6 
DVE1, g/kg DM 48 ± 2 51 
OEB1, g/kg DM -39 ± 6 -38 

1 DVE = available intestinally digestible protein; OEB = rumen degradable protein balance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Starch content and lactic acid content of the individual blighted corn silages compared 
with non infected corn silage 
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NIRS calibrations for assessing complete quality profiles of undried grass silages on farms. 
K. C. Volkers1, C. Paul2, M. Alex2, and B. Ruser1 

1 Pioneer Hi-Bred Northern Europe GmbH, Apensener Str. 198, D-21614 Buxtehude, Germany, 2 
Federal Research Centre for Cultivated Plants (JKI), Institute for Crop and Soil Science, 
Bundesallee 50, D-38116 Braunschweig, Germany; Email: Barbara.Ruser@pioneer.com 
 
Introduction Near-infrared Spectroscopy (NIRS) is well accepted as a laboratory-method to predict 
the quality and fermentation parameters of grass silages. A new generation of spectrometers based 
on diode arrays may be used for on-farm measurements. Our objective was to develop network 
calibrations for quality characteristics relating to composition and fermentation patterns of undried 
grass silages as a basis for diet composition. 
 
Materials and Methods Grass silage samples from Germany covering four cuts from 2006 and 
2007 were stored in the frozen state. For the NIRS-analysis the silages were thawed, equilibrated to 
room temperature and then carefully mixed. NIRS measurements were accomplished using two 
Corona 45 NIR high resolution diode array spectrometers (equipped with 256 InGaAs-diodes in the 
range 960-1690 nm) of Carl Zeiss Jena GmbH. Samples were measured using the turntable sample 
presentation device with metal cups and optical glasses (170 mm diameter) from below and the 
mean of six (2006) and four (2007) replicate spectra were calculated for each instrument. After 
transformation of the averaged spectra into the calibration software WinISI format a range of scatter 
correction procedures was performed. Multivariate data analysis of math treated spectra and 
reference parameters were done using modified partial least squares regression with 10 to 15 terms 
and a single pass for outlier removal (WinISI 1.50). The original calibration set consisted of 360 
(180 spectra from each instrument) of two years. An independent validation set of 30 samples 
harvested in 2007 represented the range of the quality and fermentation parameters of the 
calibration set and was measured also on both spectrometers. The following parameters are 
expressed as % of DM: CP (Kjeldahl x 6.25), NDF/ADF (modified van Soest) and short chain fatty 
acids (HPLC from an acid silage extract). DM was assessed by oven drying at 105°C and corrected 
for losses of volatiles according to Weissbach & Kuhla (1995). 
 
Results and Discussion An accurate prediction of forage quality is essential to meet the animal 
requirements and to avoid unnecessary feed costs. Table 1 shows the results of the calibration with 
360 spectra with a wide range of maturity/wilting (18.7 to 68.6 % DM) and an accurate standard 
error of calibration (SEC) of 1.08 % and a very high value for the coefficient of determination 
(R2 :0.99). ADF, NDF and lactic acid show low SEC and high R2 (0.86 to 0.89). CP and butyric 
acid exhibit slightly lower SEC and R2  than the other parameters but compare favourably with a 
previous study (Gibaud et al. 2005). The validation of the calibration equations against a previously 
selected sample set shows a satisfactory accuracy for each spectrometer regarding the quality and 
fermentation parameters of undried grass silages (Table 2). The standard errors of prediction (SEP) 
are in good agreement the respective standard errors of calibration. In addition the coefficients of 
determination in the calibration and validation correspond closely. Between the spectrometers only 
small differences exist in SEP, R² and Bias for the same validation set. In comparison to a previous 
study from Gibaud et al. (2005) using Petri dishes for sample presentation the accuracy of the 
calibration and validation could crucially be enhanced on the same spectrometers using optically 
improved sample trays. 
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Conclusion The development of suitable calibrations for quality and fermentation parameters of 
undried grass silages was very successful and shows the potential of additional exploration to 
improve the accuracy of the predictions under different environmental conditions outside the 
laboratory for example on farms. Furthermore the calibration set will be extended by samples of the 
next harvest years to increase the robustness of the calibration. This will enable us to serve farmers 
needs by instantaneous predictions of quality and fermentation parameters of undried grass silages 
on farm site. 
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Table 1. Common calibration statistics for spectra of two Corona 45 NIR high resolution  
diode array spectrometers 

Calibration 
Parameter n Mean sd SEC R2 

DM % 360 (2*180) 38,45 10,05 1,08 0,99 
CP % DM 360 (2*180) 16,71 2,49 1,04 0,79 
NDF % DM 360 (2*180) 52,80 5,63 1,92 0,86 
ADF % DM 360 (2*180) 32,14 4,22 1,19 0,89 
Lactic acid % DM 360 (2*180) 5,80 3,49 1,03 0,89 
Butyric acid % DM 360 (2*180) 0,68 1,12 0,50 0,75 
DM: dry matter, CP: Crude Protein, NDF: Neutral Detergent Fiber, ADF: Acid Detergent Fiber 
 
Table 2. Validation statistics of the network calibration on two different instruments 

   Validation on instrument
Pioneer 

Validation on  
instrument JKI 

Parameter Mean sd SEP(C) Bias R2 SEP(C) Bias R2 
DM % 35,53 6,12 1,08 1,26 0,97 1,09 0,97 0,97 
CP %DM 16,98 2,51 1,20 0,13 0,77 1,26 0,24 0,75 
NDF %DM 52,69 6,38 1,92 0,16 0,91 2,07 -0,44 0,90 
ADF % DM 34,12 4,13 1,34 0,40 0,90 1,36 -0,34 0,89 
Lactic acid %DM 6,83 3,46 1,39 0,08 0,84 1,46 0,14 0,83 
Butyric acid %DM  0,86 0,96 0,59 -0,15 0,70 0,63 -0,18 0,65 
DM: dry matter, CP: Crude Protein, NDF: Neutral Detergent Fiber, ADF: Acid Detergent Fiber 
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Molecular techniques to identify and differentiate bacterial species and strains  
used in silage inoculants. 
N. D. Walker1, M. E. Quintino Cintora1, R. J. Schmidt2, and R. C. Charley2 
1Lallemand Animal Nutrition, Montreal, Canada,  2Lallemand Animal Nutrition, Milwaukee, WI, 
U.S.A.; Email: nwalker@lallemand.com 
 
Introduction Bacterial inoculants which contain lactic acid bacteria are the most commonly 
used additives when making silage. A wide range of different species and strains are currently on 
the market. Some are applied either as a single type of organism or as a mixture. One of the 
problems associated with differentiating a mixture of these lactic acid bacteria by classical 
microbiological techniques is that they all require similar growth conditions and to identify 
which organisms are present can be time consuming. Also, it is technically difficult to separate 
different strains as they have similar phenotypic characteristics. However, with the advent of 
DNA fingerprinting techniques, the organisms in a mixture can be rapidly identified using 
genotypic differences and organisms can be differentiated not only to the species level, but to the 
strain level. These techniques have already been successfully used to obtain a microbial profile 
of all of the bacteria present in a diverse ecosystem, e.g., the rumen. RAPD-PCR has also been 
used to identify strain differences of organisms isolated from a range of different ecosystems. 
The aim of the current work was to develop a DNA fingerprint method which would rapidly 
identify the mixture of organisms used in a silage inoculant; use group specific primers to 
identify strains of L. buchneri and use RAPD-PCR to differentiate closely related strains of L. 
buchneri present in these commercial preparations. 
 
Materials and Methods Isolation of DNA and individual colonies Five different commercial 
silage inoculants were obtained which contained a mixture of different lactic acid bacteria. A 
sample of L. buchneri 40788 was also included as a positive control. These organisms were 
serially diluted and plated out in duplicate at several different dilutions. Once the organisms had 
grown, colonies were enumerated. All of the colonies were scraped off from a plate which 
contained a large number of colonies and which had a mixture of different colony morphology 
types. The cells were then washed in sterile PBS and then resuspended in a lysis buffer. The total 
bacterial DNA was then extracted using a bead beating method. From the duplicate plate, 
individual single colonies were picked off, (10 of each morphological type), grown up, re-
streaked and re-isolated as a pure colony. Purity was confirmed by Gram staining and 
examination under the microscope. Stock cultures of each isolated organism were prepared. 
DNA fingerprint analysis by TTGE The total bacterial DNA isolated from the plate was 
amplified using universal primers based on the V6 – V8 region of the 16S rDNA gene (Seksik et 
al, 2000). The resulting amplicons were separated by TTGE using conditions previously 
described to generate a DNA fingerprint of the different organisms present in each mixture 
(Walker et al, 2008). Positive controls of a range of different lactic acid bacteria were included to 
determine their migration position on the gel. Identification of L. buchneri isolates DNA was 
extracted from all of the isolates and amplified with L. buchneri specific primers (Schmidt et al, 
2008). The presence of amplicons was confirmed using agarose electrophoresis. All the samples 
which were positive and produced a band of the correct size on the gel were analysed by 16S 
rDNA sequencing to confirm their identity. L. buchneri 40788 was included as a positive control. 
RAPD-PCR molecular fingerprint analysis DNA extracted from the different L. buchneri 
isolates were amplified with a range of different primers which have been shown to randomly 
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bind to and amplify regions within the genome of an organism. The resulting products were run 
on an agarose gel to generate a RAPD-PCR profile which was specific to a particular strain and 
all were compared to the profile obtained from L. buchneri 40788. The profiles were analysed by 
GelCompar II and similarity indices were determined using UPMGA. 
 
Results and Discussion TTGE fingerprint analysis Run conditions were obtained which 
allowed the differentiation of a range of different lactic acid bacteria commonly used in 
commercial silage inoculants (L. buchneri, L. casei, L. plantarum, E. faecium). For each 
preparation, each of the different organisms could be separated into individual bands. In most 
instances, the contents corresponded to the packet label except for one sample described as 
containing L. buchneri. However, no band corresponding to L. buchneri was observed on the gel. 
This may have been either because the product did not contain any viable cells of L. buchneri as 
the DNA used for the procedure was harvested from growing colonies, or there were only a very 
few colonies of L. buchneri present compared to the other organisms and as a result represented 
only a very small proportion of the cells and DNA present. As these amplicons were generated 
using universal 16S primers which would have reacted with all bacteria present, further attempts 
to determine the presence of any viable L. buchneri was carried out using L. buchneri specific 
PCR primers. Again, no amplicons were obtained from this sample, confirming the absence of 
any viable L. buchneri. Identification of L. buchneri isolates Gram stain and morphology were 
used to select a range of isolates of L. buchneri from each of the commercial silage inoculant 
preparations, except for the sample which did not appear to contain any viable L. buchneri.. 
Their identity was further confirmed by using L. buchneri PCR specific primers. Isolates which 
generated amplicons using these specific primers were sequenced. All were identified as strains 
of L. buchneri and shared > 99% identity similarity to the 16S rDNA sequence of the type strain. 
Thus 16S rDNA sequencing can only be used to confirm the identity of the organism but cannot 
differentiate down to strain level. RAPD-PCR analysis of L. buchneri isolates In order to 
differentiate between different strains of L. buchneri a RAPD-PCR was performed using 5 
different primers to generate a molecular fingerprint of that particular strain. All of the isolates 
from the commercial samples generated a completely different profile to those obtained with L. 
buchneri 40788, for all of the primers tested, indicating that they were a different strain. 
However, in each instance, all of the commercial preparations contained the same, if not a very 
similar strain, of L. buchneri as the fingerprint profile and banding pattern was very similar for 
each isolate. Strain differences could not be picked up by using 16S rDNA sequencing, however, 
RAPD-PCR was able to differentiate to the strain level. 
 
Conclusion A rapid TTGE DNA fingerprinting technique has been developed which will enable 
the identification and differentiation of species of lactic acid bacteria commonly used in silage 
inoculants. Furthermore, different strains of L. buchneri can be easily compared by RAPD-PCR. 
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Effects of lactobacillus and cellulase on quality of bi-crop silage of  
whole-crop corn and common vetch 
K. Wang1, Z. Yu2, T. Shao1, and P.-D. Liu1 
1College of Animal  Science  and  Technology, Nanjing  Agricultural  University, Nanjing, 
China,210095; 2Institute  of  Grassland  Science, China  Agricultural  University, Beijing China; 
100193; E-mail: yuzhu3@sohu.com 
 
Introduction Common vetch belongs to the legume family. Due to their high buffering capacity 
and low carbohydrate content, legumes are difficult to ensile (Zhang Xiufen, 1992). Thus, the bi-
crop silage made with whole-crop corn and common vetch not only could correct these problems, 
but also would increase the content of crude protein in corn silage. The purpose of this 
experiment was to explore the feasibility of making high-quality bi-crop silage from whole-crop 
corn and common vetch and to understand the effects additives in the bi-crop silage. 
 
Materials and Methods Whole-crop corn and common vetch were chopped using a hay cutter 
to about 2 cm and ensiled at 2 to 1 ratio. Four treatments were applied to the silage: 1) Control 
(no additive), cellulase enzyme (CE), Lalsil, or cellulase and Lalsil treatment (LF+CE). The 
additives were applied homogeneously to the materials as water suspensions; the same amount of 
water was added to the control. Then250 g of each material was put into plastic bags and the 
bags were sealed using a vacuum seal machine. The silages were stored in the laboratory at room 
temperature and sampled for analysis of quality parameters after 45 d. 
 
Results and Discussion As shown in Table 1, pH of the treatment LF+CE was lowest among the 
3 additives and its lactic acid (LA) content was highest. The amount of NH3-N/TN of control 
was higher than the other treatments (P < 0.05). That of the silage treated with LF+CE was lower 
than LF and CE. In Table 2, a tendency for higher CP and WSC, lower NPN, were observed (P < 
0.05). The contents of neutral-detergent fiber and acid detergent fiber treated with additives were 
significant lower than control (P < 0.05). The treatment of additives had significantly higher in 
vitro digestibility of DM and CP than control (P < 0.05). 

 
Conclusions Additives improved the quality and in vitro digestibility of CP and DM of bi-crop 
silage made from whole-crop corn and common vetch. In summary, the combined additive, 
LF+CE, was most effective. 
 
Reference 
Zhang, Xiufen. 1992. Processing and preservation of forage and feedstuff [M]. Beijing: 

Agricultural Press 1992: 5-33. 



 

July 27-29, 2009 – Madison, Wisconsin, USA 334 

Table 1. Effects of additives on fermentation of whole crop corn-vetch bi-crop silage 
  Control CE LF LF+CE SE 
pH 4.88a 4.25c 4.50b 4.20c 0.67 
lactic acid (DM  %) 0.86c 4.90a 3.89b 4.94a 0.53 
acetic acid (DM  %) 0.50 0.82 0.84 0.704 0.15 
propionic acid (DM%)  0.10a 0.05b 0.05b 0.04b 0.13 
butyric acid (DM % ) 1.15a 0.34b 0.30b 0.33b 0.33 
NH3-N (% Total Nitrogen) 8.63a 7.62b 7.16b 7.05b 0.79 

CE and LF = cellulase and lalsil fresh, respectively 
The different letters in the same row indicate significant difference (P < 0.05).  
 
 
Table 2. Effects of additives on the chemical composition (% of DM) and in vitro digestibility of  
whole crop corn-vetch bi-crop silage (%) 
Item Control CE LF LF+CE SE 
DM 20.36 20.52 24.19 19.24 0.86 
CP (%) 12.36 13.62 13.50 13.98 0.18 
NPN (%) 8.39 8.29 8.16 8.00 0.15 
WSC (%) 2.94 3.52a 3.13 3.44 0.33 
NDF (%) 54.20a 52.64b 52.90b 52.54b 0.71 
ADF (%) 37.78a 34.03b 34.77b 34.03b 0.65 
IVCPD (%) 70.45b 75.21a 75.78a 76.84a 0.23 
IVDMD (%) 61.31b 66.06a 65.10a 67.76a 0.45 
IVNDFD (%) 58.48 57.82 58.61 59.63 0.13 
IVADFD (%) 54.20 52.32 55.07 57.91 0.34 

DM = dry matter, CP = crude protein, NPN = non-protein nitrogen, WSC = water soluble 
carbohydrate, NDF= neutral detergent fiber, ADF = acid detergent fiber, IVCPD=in vitro crude 
protein digestibility, IVDMD = in vitro dry matter digestibility, IVNDFD = in vitro neutral 
detergent fiber digestibility, IVADFD = in vitro acid detergent fiber digestibility, CE and LF = 
cellulase and lalsil fresh, respectively. 
The different letters in the same row indicate significant differences (P < 0.05). 
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The effects of biotic additives on quality of ensiled Elymus dahuricus Turcz 
Y. Wang and Z. Yu*  
Institute of Grassland Science, China Agriculture University, Beijing 100193; 
Email: yuzhu3@sohu.com 
 
Introduction  Elymus dahuricus Turcz, which is a grass with vivid green and good palatability, 
can be preserved as  hay with high quality (Gao Deng yi, 1993). This species of grass is 
distributed in the natural community of north China and is currently grown over a large area. 
Although Elymus dahuricus Turcz can be made into hay with high quality, in the process of 
drying, many nutrients may be lost. In order to reduce the loss of nutrients and maintain its good 
palatability and nutritional value, it can be ensiled. However, information about its silage quality 
is not available at present. The objective of this research was to evaluate the effect of 
Lactobacillus spp. and cellulose enzyme on quality of ensiled Elymus dahuricus Turcz . 
 
Materials and Methods First growth of Elymus dahuricus Turcz was harvested at late heading 
stage. Fresh material was chopped to about 2 cm in length and ensiled in polyethylene bags with 
or without different additives, and sealed with a vacuum packaging machine. Treatments were 
cellulose enzyme at 0.0015% and 0.003%, Lactobacillus spp at 0.005% and 0.025% and the 
mixture ofcellulose enzyme and Lactobacillus (0.0015% + 0.0025%, 0.015% + 0.025%, 0.015% 
+ 0.005%, 0.0015% + 0.0005% and 0.003% + 0.005%). Each treatment was made in three bags. 
All treatments were stored for 3 months at room temperature. Samples were taken for analysis of 
fermentation quality (pH value, lactic acid, acetic acid, propionic acid, butyric acid and 
Ammonia nitrogen) and chemical composition (DM: Dry Matter, CP: Crude Protein, WSC: 
Water Soluble Carbohydrates, NDF: Neutral Detergent Fiber and ADF: Acid Detergent Fiber). 
 
Results and Discussion The pH was high, lactic acid content was low and butyric acid content 
was high in treatments without additives (Table 1). Elymus dahuricus Turcz was not a good 
silage without additives. However, additives improved the fermentation quality of silage. The 
addition of the mixture of cellulose enzyme and Lactobacillus (0.015%+0.005%) was more 
effective. (P < 0.05) The pH  and ammonia nitrogen content decreased and lactic acid content 
increased. The WSC concentration was  higher than other treatments and NDF concentration was 
lower (Table 2).  . The addition of the mixture of cellulose enzyme and lactobacillus (0.003% + 
0.005%) increased WSC content which was higher than control treatment.  
 
Conclusions The addition of both cellulose enzyme and Lactobacillus can decreased pH value 
and butyric acid content, and increased lactic acid content. The mixture of cellulose enzyme and 
Lactobacillus (0.015% + 0.005%) and the mixture of cellulose enzyme and Lactobacillus 
(0.003% + 0.005%) increased WSC contents  higher than other treatments. 
 
References 
Gao Deng yi. 1993. Planting and utilizing of purple Elymus dahuricus Turcz. Ji lin farming 
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Table 1. The fermentation quality of Elymus dahuricus Turcz silage 
Organic acids（DM%） treatments pH 

lactic 
acid 

acetic 
acid 

propionic 
acid 

butyric 
acid 

Ammonia 
Nitrogen（Total 

Nitrogen %） 
control 5.58a 0.05e 0.76d 0.68a 0.87a 5.13abc 
0.0015%CE 4.26d 2.79bc 1.33bcd 0.04a 0.03b 4.55bc 
0.003%CE 4.32d 3.12bc 1.84abcd 0.09a 0.07b 3.91cd 
0.005%L 4.54bc 1.62d 1.15cd 0.08a 0.03b 6.59a 
0.025%L 4.41cd 1.36d 1.92abcd 0.29a 0.05b 5.15abc 
0.0015%CE+0.0025%L 4.57b 1.71d 2.39ab 0.11a 0.06b 3.09d 
0.015%CE+0.025%L 4.30d 3.65ab 2.88a 0.11a 0.05b 2.74d 
0.015%CE+0.005%L 3.92e 4.01a 2.27abc 0.03a 0.05b 2.99d 
0.0015%CE+0.0005%L 4.54bc 2.56c 1.95abc 0.14a 0.03b 5.60ab 
0.003%CE+0.005%L 4.35d 2.75bc 1.81abcd 0.16a 0.05b 5.21abc 
a,b,c,dMeans in the same column with different superscripts differ (P < 0.05). 
 
Table 2. The chemical composition of Elymus dahuricus Turcz silage 

WSC CP NDF ADF treatments DM 
(%) （DM%） 

control 26.41bcde 0.36ab 14.04a 63.86abc 39.11abc 
0.0015%CE 29.82a 0.19bc 15.47a 63.04abcd 38.73abc 
0.003%CE 28.86ab 0.16bc 14.85a 60.40cde 37.41bc 
0.005%L 28.52abc 0.20bc 14.72a 64.30ab 36.12c 
0.025%L 27.39bcd 0.17bc 14.01a 65.72a 41.56a 

0.0015%CE+0.0025%L 26.29cde 0.21bc 13.87a 65.38a 40.34ab 
0.015%CE+0.025%L 24.92ef 0.14c 14.45a 60.25de 38.36abc 
0.015%CE+0.005%L 23.72f 0.46a 15.02a 58.15e 36.18c 

0.0015%CE+0.0005%L 25.98def 0.43a 14.10a 63.95ab 40.15ab 
0.003%CE+0.005%L 28.18abcd 0.44a 15.19a 61.81bcd 39.49abc 

a,b,c,dMeans in the same column with different superscripts differ (P < 0.05). CE: cellulose 
enzyme; L: lactobacillus.  
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Evaluation of dry matter losses of beet pulp ensiling by using buried bag method 
U. Weber1, E. Kaiser2, and O. Steinhöfel3 
1BAG Budissa Agroservice GmbH, 02694 Malschwitz, Germany, 2Humboldt University of Berlin, 
3Saxony State Institute of Environment, Agriculture and Geology; Email: info@ag-bag.de 
 
Introduction Exact evaluation of dry matter losses in large scale silos (bunkers, pits, bags, 
others) for any ensiling material is connected with difficulties. Results can differ and often are 
not comparable due to different methods. In this study the well known buried bag method was 
made usable for silage bags without destroying the plastic bag and using pressed beet pulp as 
ensiling material. 
 
Material and Methods Beet pulp from 3 different German sugar factories with 20% to 28% dry 
matter was ensiled in silage bags in 2003, not producing any effluent, total tonnage was about 
150 t. An AG BAGGER G 7000 (silopress) with 9’ tunnel (2,70 m diameter) was used. Three 
flaps with about 40 cm * 40cm dimension were installed in the tunnel wall to place nylon bags 
(buried bags) with ensiling material with three repeats every meter in length during bag filling. 
The bags with about 3 kg of material together with an automatic temperature logger were placed 
on three defined positions (centre, top and shoulder) into the bag and could be found later during 
opening the whole bag in one moment after 49 ensiling days always on the same position of the 
open bag surface. DM losses were measured. FM and DM density was measured in each position 
by a 10 cm diameter core which was plugged 25 cm into the feedstock. Data were submitted to 
statistical analysis by SPSS. 
 
Results and Discussion The weight differences of the nylon bags were taken after 49 ensiling 
days and the DM loss was evaluated with 0,22% in the centre, significant different from the top 
with 2,15% and the shoulder with 1,42% over the dry matter range between 20 and 28% of the 
pressed beet pulp, using 36 replicates in each position, 1 meter distanced each in bag length. No 
any other visual losses (surface etc.) have been monitored. This is a very low level compared to 
other silages and shows benefits of silage bags as low loss system. Investigation of silage quality 
has shown, that beet pulp is very even material, the variance of the single dates is small 
compared to other silages. Measurements of silage density have shown, fresh matter density was 
sinking from 783 to 680 kg/m3 with growing dry matter content while dry matter density was 
growing from 173 to 194 kg/m3. It was clearly shown, that FM and DM density in bag centre is 
significant higher than in top and shoulder areas. This might be the major reason for lower dry 
matter losses in the centre of the bag. For practical use in farming and bagging machine industry 
it is necessary to increase density in top and shoulder positions by technical improvements as 
well as by excellent operator training.   
 
Conclusions  Using of a silage bag as a large scale silo, which is worldwide rapidly growing in 
farm use, for scientific research can be a good standard method to get faster, cost efficient and 
better comparable results for ensiling all kinds of feed materials and more additional results to 
the laboratory method of using 1500 ml glasses or barrels. This research has developed a 
repeatable method to use buried bags without destroying plastic bag. 
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FM - und DM - density in DM - Groups and positions

DM n mean s n mean s n mean s n mean s

<25% 30 879bA 52 30 734aA 47 30 735aA 30 90 783A 81
>25% 6 740bB 33 6 650aB 46 6 653aB 35 18 680B 56

<25% 30 195bA 17 29 162aA 12 30 163aA 11 89 173A 20

>25% 6 213bB
11 6 184aB

7 6 186aB
11 18 194B

19
s  standard variation
significant differences between positions in each DM group with (α ≤ 0,05) small letters
significant differences between DM group in each position with (α ≤ 0,05) large letters

density FM kg / m³

density DM kg / m³

Position
1 (center) 2 (top) 3 (shoulder) all

DM losses of pressed beet pulp in position and dry matter group (49 ensiling days)
(n=30 with < 25% DM, n=6  with > 25% DM in each position)

Position < 25% DM >25% DM all
mean 0,05a 1,07 0,22a

s 2,53 2,19 2,47
VB -5,0..4,8 -1,6..3,8 -5,0..4,8

mean 2,10b 2,39 2,15b

s 2,78 3,88 2,93
VB -1,2..13,1 -2,3..7,9 -2,3..13,1

mean 1,24ab 2,32 1,42ab

s 3,04 1,52 2,85
VB -4,6..10,3 0,7..4,7 -4,6..10,3

mean 1,12 1,92 1,26
s 2,88 2,63 2,85

VB -5,0..13,1 -2,3..7,9 -5,0..13,1
s standard variation, VB variation range
significant differences between positions in each DM group with (α ≤ 0,05)

1          
(center)

2           
(top)

3           
(shoulder)

all
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Formation of volatile compounds during fermentation of forage maize 
K. Weiß1, C. Kalzendorf2, J.Zittlau1, and H. Auerbach3 
1Humboldt University of Berlin, 10115 Berlin, Germany, 2Chamber of Agriculture Lower-Saxony, 
26 121 Oldenburg, Germany, 3ADDCON EUROPE GmbH, 06749 Bitterfeld-Wolfen, Germany; 
Email: kirsten.weiss@agrar.hu-berlin.de 
 
Introduction As shown in the first part of this study (Weiß et al., 2009), a strong correlation was 
established between ensiling conditions, silage additive use, and ethanol, as well as other novel 
volatile organic compounds, especially esters like ethyl acetate (EA) and ethyl lactate (EL). This 
part of the study was designed to investigate the formation of volatile compounds in maize 
silages during the course of fermentation. 
 
Materials and Methods A lab-scale ensiling trial was carried out with forage maize (DM 
content 316 g/kg). In order to induce significant variation in concentrations of fermentation 
products, forage maize was either ensiled without silage additives or with a heterofermentative 
inoculant containing Lactobacillus buchneri. Fermentation pattern and 20 novel volatile 
compounds comprising esters, alcohols and acetaldehyde (Adam et al., 1995) were analysed on 
day 2, 14, 28, 42 and 90 of anaerobic storage at 20°C. Additionally, all parameters were analysed 
in silages after 49 days of anaerobic storage, which was interrupted by air ingress on day 28 and 
42 for 24 hours. 
 
Results and Discussion After 90 days of fermentation, maize silages contained high 
concentrations of lactic acid, acetic acid and ethanol (figure 1). Also, relatively high contents 
were detected of the esters ethyl acetate and ethyl lactate as well as of the alcohol 2-butanol. It 
was demonstrated that concentration of ethanol strongly affected formation of its esters during 
the course of fermentation. Methanol, propanol and acetaldehyde were found at < 200 mg/kg 
DM, whereas levels of butanol, iso-butanol, allyl alcohol, 2-methylbutanol, 3-methylbutanol, 
pentanol, hexanol, 2-phenylethanol, methyl acetate, propyl acetate, propyl lactate were always 
below the limit of detection (40 mg/kg DM). It could clearly be seen that, with increasing storage 
length under strictly anaerobic conditions, more lactic acid and ethanol were formed, which led 
to higher ethyl lactate content. For silages which had been exposed to air during fermentation, it 
was shown that inoculation with Lactobacillus buchneri increased acetic acid and ethanol 
production, which in turn resulted in higher ethyl acetate concentration (figure 2).  
 
Conclusions It may be concluded, from both parts of study, that ester formation is a straight 
chemical reaction, which is significantly correlated with the content of ethanol. 
 
References 
Adam, L., W. Bartels, and N. Christoph. 1995. Untersuchungen von Destillaten und Bränden. 
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Figure 1 Formation of acetic acid, lactic acid, ethyl acetate, ethyl lactate, ethanol, 2-butanol 
during anaerobic storage;       without silage additive (control) and     with Lactobacillus buchneri 
(mean ± standard deviation, n=3) 
 
 
 
 
 
 
 
 
 
 
Figure 2  Formation of lactic acid, acetic acid, ethanol, ethyl acetate, ethyl lactate, during storage 
for 49 days with ingress of air;     without silage additive (control) and       with Lactobacillus 
buchneri (mean ± standard deviation, n=3) 
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Identification of lactic acid bacteria isolated from vegetables residues and  
silage fermentation 
J. S. Yang1, 2, Y. Cai1*, R. Uegaki1, and F. Terada1 

1National Institute of Livestock and Grassland Science, Nasushiobara, Tochigi 329-2793, Japan, 
2Hainan University, Haikou, Hainan 570228, China; E-mail: cai@affrc.go.jp 
 
Introduction Vegetables are an extremely important part of one's diet, and they contain 
abundant nutrients such as vitamins, minerals and vegetable fiber. These vegetable residues are 
easily perishable because of their high moisture content. Technologies to create good quality 
animal feed from vegetable residues and to provide long-term storage of the resulting silage need 
to be developed in the future. In the present study, 52 strains of LAB were isolated from 
vegetable residues of cabbage, Chinese cabbage and lettuce. Their taxonomy was studied 
through 16S rDNA sequence analysis. To determine the fermentation characteristics of 
vegetable residues, the silage was prepared by using a small-scale fermentation system and silage 
quality was analyzed. 
 
Materials and Methods Nine samples of vegetable residue were collected from a local 
commercial vegetable factory (Figure 1). Numbers of microorganisms were measured by the 
plate count method. Carbohydrate assimilation and fermentation of 49 different compounds with 
one control were identified on API 50 CH strips. 16S rRNA gene sequence analysis was 
determined by LAB molecule taxonomic conventional methods (Cai et al., 1998). Silages were 
prepared using a small-scale system of silage fermentation with approximately 100 g portions of 
forage material packed into plastic film bags and the bags sealed with a vacuum sealer. Chemical 
composition of the vegetable residue samples and silages was determined by conventional 
methods. The organic acid and water-soluble carbohydrate contents were measured by HPLC. 
 
Results and Discussion Overall 103 to 104 (CFU/g of FM) LAB, 103 to 105 coliform bacteria, 
106 to 107aerobic bacteria, 103 to 104 yeast, were found in the 3 types of vegetable residue 
samples (Table 1). All the isolates were Gram-positive and catalase-negative bacteria, which 
were divided into six groups (A-F) according to morphological and biochemical characters. The 
strains in group A were rods that did not produce gas from glucose and formed the DL-isomer of 
lactate. Group B and group C were homofermentative cocci that formed L-lactic acid. Groups D, 
E and F were heterofermentative cocci that formed D-lactic acid. Based on 16S rDNA gene 
sequence analysis, group A-F strains were identified as Lactobacillus plantarum, Lactococcus 
piscium, Lactococcus lactis, Leuconostoc citreum, Weissella soli, Leuconostoc gelidium, and 
Lactobacillus plantarum. As expected, these were the dominant members of LAB population in 
the 3 kinds of vegetable residues (Table 2). These silages, prepared by using a small-scale 
fermentation system, were well preserved, with a low pH and relatively high content of lactate. 
 
Conclusions The vegetable residues contained abundant LAB species and nutrients, and they 
can be well preserved by making a silage which has good potential as a vegetable protein source 
for livestock diets. 
 

References 
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Vegetable factory Lettuce residueChinese cabbage residueCabbage residue  
Figure 1. Vegetable residues from vegetable factory 
 

LAB B ac illi Coliform
bac te ria

Aer obic
bacteria Mold Yeast Lac tobacilli Lac tococci Leuconostoc Weissella

Cabbage 4.4×104 4.5×103 6.5×105 3.7×106 ND 1.4×104
3.5×104 ND 8 .2×103 ND

Chinese cabb age 4.7×103 ND 7.0×103 2.5×107 ND 3.0×103 3.0×103
2.0×1 03 ND ND

Lettuce 5.0×103 1.5×103 6.0×104 3.7×106 ND 1.5×103 1.0×103 ND 1 .0×103 3.5×1 03

  a CFU, colony f orming unit; FM, fresh matter; LAB , lactic  acid bacteria ; ND, not detec ted.

Material

TAB LE 1. Micorbiological analysis of vegetable  resid uesa

C ounts (CFU g-1 of FM ) of viable  microorganisms

Group A Group B Group C

NJ 116 NJ 119 NJ 316 NJ 121 N J 314 NJ 123 NJ 124 NJ 315 NJ 319

No. of isolatees 18 4 5 4 3 5 5 3 5

Shape r od cocci cocc i cocc i cocc i cocci cocci cocci cocci

Gram stain + + + + + + + + +

Catalase - - - - - - - - -

Gas from glucose  -  -  - + + + + + +
Lactate produc tion in MRS broth
(%)

1.40 0.50 0.96 1.19 1.02 0.75 0.83 0.61 0.38
Fina l pH in MRS br oth 3.80 5.04 4.38 4.43 4.40 4.50 4.49 4 .44 4.51

Fermentation type Homo Homo Homo Hetero Hetero He te ro Hetero Hetero Heter o

Optica l form of lactate DL L( +) L( +) D( -) D( -) D( -) D( -) D( -) D ( -)

Growth at tempreture  (℃)

5.0 - - - - - - - - -

10.0  + ｗ - ｗ + ｗ - - -

45.0  + + + ｗ + ｗ + + w

50.0  -  -  - - - - - -  -

Growth in NaCl

3.0%  + + + + +  + w -  +

6.5%  + - - + w - - - -
Growth at pH

2.5 - - - - - - - - -

3.0 w - - - - - - - -

3.5  + w w - ｗ - - - -

4.0  +  +  + + +  +  +  +  +

7.0  +  +  + +  +  +  +  +  +

16S rDNA similarityb 99.30% 99.80% 99.90% 99.50% 99.40% 99.00% 99.70% 99.4 0% 99.30%
    a +, positive;  -, negative; w, weakly positive; Homo, homofermentative; Hetero, hete rofe rmentative .���������������

  b 16S rDN A similar ity be tween isolate  and  each type str ain was analyzed by B LAST search progr am.

Group E Group F

TABLE 2. Characte ristics of representa tive  strains isolated from vegetable  re siduesa

Group D
Characte ristic 
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The effects of previously fermented juice on silage quality of erect milkvetch 
Z. Yu1, Y. D. Yu2, Q. Z. Sun3, T. Shao2 and Y. M. Cai4 
1Institute of Grassland Science, China Agricultural University, Beijing 100193 China, 2College 
of Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095 China, 
3Grassland Research Institute, CAAS, Huhhot 010010 China, 4National Institute of Livestock and 
Grassland Science Nasushiobara, Tochigi 329-2793 Japan; Email: yuzhu3@sohu.com 
 
Introduction Erect milkvetch (Astragalus adsurgens Pall.) is a perennial legume. Erect 
milkvetch contains a low amount of fermentable carbohydrates and has a large buffering 
capacity that makes it difficult to ensile, but the previously fermented juice (PFJ) method had 
been developed by Ohshima et al (1997) and Nishino and Uchida (1999) to improve the ensiling 
properties of forage. The objective of this study was to investigate the effect of PFJ on the 
fermentation quality of erect milkvetch silage. 
 
Materials and Methods The traditional method of PFJ (PFJ1) was made according to Nishino 
and Uchida (1999). The new method of PFJ (PFJ2) was prepared using chopped erect milkvetch 
(50g) wrapped with two layers of pledget, put into a glass bottle and then mixed with 750 ml of 
distilled water and 15 g sucrose. The bottles were then fitted with a fermentation gas trap and 
kept in an incubator 48 h at 30°C. The brown supernatant liquor was used as PFJ and inoculated 
at 0.2% of fresh forage. After 48 h of PFJ incubation, erect milkvetch was harvested from the 
same sward and chopped. The chopped forages were treated with PFJ for making laboratory 
scale silos. Forages were allowed to ensile for 1, 3, 5, 15, and 45 days. Forages were ensiled in 
triplicate for each treatment and ensiling period. 

 
Results and Discussion There was rapid decline in pH during the first three days of ensiling 
with no significant decline between days 3 and 5, but with significant decrease after day 15 post-
ensiling for all treatments (Figure 1). The PFJ1 treatment had lower pH than CK at all days post-
ensiling (P < 0.05), and PFJ2 had lower pH than CK except day 5 (P < 0.05). The pH of silage 
treated with PFJ1 and PFJ2 did not differ significantly. The concentration of lactic acid increased 
(P < 0.05) during first three days for all treatments, after day 15 post-ensiling for CK, and 
between days 5 and 15 post-ensiling for PFJ1 and PFJ2. Lactic acid concentration was higher (P 
< 0.05) for PFJ1 and PFJ2 than CK at all ensiling periods. No significant difference was noted 
between PFJ1 and PFJ2 at all ensiling periods except day 1. The concentration of acetic acid 
increased (P < 0.05) during first three days and was highest at day 45 post-ensiling for all 
treatments. The acetic acid concentration was similar for all silage treatments. The butyric acid 
concentration increased throughout ensiling for CK and was higher (P < 0.05) at day 45 than 
other days. The butyric acid concentration was less for PFJ1 and PFJ2 (P < 0.05) than CK after 
day 5. The NH3-N content increased between days 1 and 15 post-ensiling for CK and day 5 post-
ensiling for PFJ1 (P < 0.05). PFJ1 and PFJ2 silages had lower NH3-N than CK after day 5 post-
ensiling (P < 0.05). The results indicated that PFJ1 or PFJ2 addition could improve the 
fermentation quality of erect milkvetch silage, reducing pH value, butyric acid content and NH3-
N content, and increasing lactic acid content. 
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Figure 1. Changes in pH, lactic acid, acetic acid, butyric acid and NH3-N of erect milkvetch 
silage treated with PFJ1 (▲) and PFJ2 (■) or untreated (CK; �). Vertical bar represents ±S.E.M. 
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Fermentative parameters of corn silages inoculated either with Propionibacterium 
acidipropionici, Lactobacillus buchneri or the combination of both microorganisms 
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Muraro1, and J.L.P. Daniel1 
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Introduction Heterofermentative microorganisms, such as Propionibacterium acidipropionici 
and Lactobacillus buchneri, have been used as silage inoculants based on their expected positive 
effects on aerobic stability. Propionic acid bacteria can ferment sugars and lactate to acetate and 
propionate, which may inhibit the growth of yeasts and molds in silage (Merry and Davies, 
1999). The purpose of this study was to evaluate the fermentative parameters of corn silages 
inoculated either with Propionibacterium acidipropionici, Lactobacillus buchneri or the 
combination of both. 
 
Material and Methods Corn plant were harvested at 35.4% mean DM content. Approximately 
13 kg of chopped material was packed into 20-L plastic buckets and sealed with tight lids 
containing Bunsen valves. Four replicates were prepared for each treatment, giving a total of 16 
experimental silos. Treatments were completely randomly assigned as follows: Control (forage 
without microbial additive); LB [forage inoculated with Lactobacillus buchneri (5x104 CFU/g 
fresh forage)]; PP [forage inoculated with Propionibacterium acidipropionici (1.2x105 CFU/g 
fresh forage)]; and LB+PP [forage inoculated with a mix of L. buchneri (2.5x104 CFU/g fresh 
forage) and P. acidipropionici (9x104 CFU/g – fresh forage)]. Experimental silos were opened 
104 days after storage and analyzed for pH, ammonia nitrogen (Chaney and Marbach, 1962), 
lactic (adapted from Pryce, 1969), and acetic, propionic and butyric acids (Palmiquist and 
Conrad, 1971). 
 
Results and Discussion Propionic acid was not detected in the silage samples. There were no 
differences (P > 0.05) for the pH and acetic acid content across the treatments (Table 1), 
probably due to the low acetic acid contents observed in this trial, which was unexpected mainly 
for the LB silages. Lactic acid and butyric acid contents were higher (P < 0.01) for the control 
treatment. The PP treatment showed the highest (P < 0.01) ammonia-N content (Figure 1), which 
can be explained by the typical proteolytic activity of this microorganism (Kung, 2001). 
 
Conclusions The inoculants were effective in decreasing the butyric acid content of the corn 
silages. However, the Propionibacterium acidipropionici inoculant, when applied exclusively, 
showed increased ammonia-N content, suggesting that this microorganism might have more 
potential benefits on the aerobic stability rather than on fermentative parameters.  
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Table 1. Fermentative parameters of corn silages treated with microbial additives 

Treatments1 Variables Control LB PP LB+PP SEM2 P value 

pH 3.60 3.61 3.59 3.60 0.004 0.31 
Lactic acid, DM% 3.71a 1.09b 1.64b 1.72b 0.32 0.006 
Acetic acid, DM% 1.24 1.23 1.09 1.05 0.04 0.28 
Butyric acid, DM% 0.76a 0.36b 0.22b 0.16b 0.07 <0.001 
1Treatments: Control = corn silage without additive; LB = corn silage inoculated with Lactobacillus buchneri; PP = 
corn silage inoculated with Propionibacterium acidipropionici; LB+PP = corn silage inoculated with a mixture of L. 
buchneri and P. acidipropionici; 2SEM - standard error mean; a,bMeans in the same row with different superscripts 
differ (P < 0.05). 
 
 
 

 
Figure 1. Ammonia nitrogen content in corn silages inoculated with microbial additives 
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Phylogenetic diversity of lactic acid bacteria in corn silage as determined by  
16S rRNA gene sequence analysis 
A. Ahmad, J. Champoux, and W. M. Rutherford 
Forage Additive Research, Pioneer Hi-Bred International, A Dupont Company, 7300 NW 62nd 
Ave., Johnston, IA 50131-1004, U.S.A.; Email: azeem.ahmad@pioneer.com 
  
Introduction  Natural epiphytic lactic acid bacteria communities on forage crops determine the 
quality of silage produced by ensiling. However, successful results are not always ensured if 
ensilage depends on natural fermentation. In order to address this problem, lactic acid bacteria 
(LAB) strains suitable for a variety of silage-making conditions are continuously being sought. 
To fully appreciate the dynamic role of these bacteria in the ensiling process it is critical to 
understand their community structure and function at a molecular level. Therefore the objective 
of this study was to determine the complex structure of the bacterial community associated with 
corn silage. We adopted a molecular approach to study culturable, as well as yet unculturable, 
members of this bacterial community. Here we describe the phylogenetic diversity and 
community structure of bacteria observed in a control (no inoculants added) Iowa corn silage 
sample using 16S rRNA gene sequence analysis. 
 
Material and Methods A corn silage sample was collected from a bunker at the Pioneer 
Livestock Nutrition Center (PLNC) located in Polk City, Iowa. The corn silage was ensiled 10 
months earlier without addition of an inoculant (control silage) and had a pH of 4.12 at the time 
of sampling. Total community DNA was extracted from the untreated corn silage using the 
FASTprep DNA system. We used bacterial-specific oligonucleotide primers to amplify the 
complete 16S rRNA gene by PCR (Fig. 1). The blunt-ended PCR products were cloned and 100 
randomly selected clones were sequenced (Sambrook et al., 2001). We analyzed a total of 83 
clones from 6 different operational taxonomic units (OTU) found by initial restriction enzyme 
digestion with EcoRI (Fig. 2.).  All of the sequences used for comparison were retrieved from the 
Ribosomal Database Project (Cole et al., 2009). Sequences were aligned and edited using the 
AlignX program included in the Vector NTI Advance10 package. Only regions in which the 
alignment was unambiguous were used for phylogenetic analysis. Evolutionary trees were 
constructed by distance methods by using programs contained in the program TREECON for 
Windows 95, version 1.3b (Van de Peer and De Wachter, 1994). 
 
Results and Discussion The corn silage sample showed high bacterial diversity based on partial 
16S rRNA gene sequence analysis. Sequence comparison of silage clones (SC) with known 
GenBank sequences showed matches with bacteria from 21 different genera (Table 1). Cluster 
analyses showed a broad diversity of phylotypes, most belonging to the alpha-proteobacteria, but 
also to the gamma- and beta-proteobacteria, including gram positive high and low GC bacteria. 
The 3 major groups in the corn silage environment were Acetobacter, Lactobacillus and 
Enterobacteria. Some of the retrieved 16S sequences from each bacterial genera found in the 
silage sample showed similarities to as yet uncultured bacterial sequences in the Genbank. 
Bacterial clone sequences that grouped with lactic acid bacteria (lactobacillus group) might be of 
industrial importance. We also found several clones which belong to the known pathogenic 
bacteria involved in human and animal diseases. The observed bacterial diversity suggests that 
complex metabolic interactions, particularly based on carbon chemistry, may be occurring in 
different micro-niches of the silage environment.    
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Conclusions An un-inoculated corn silage sample harbored a genetically highly diverse bacterial 
community which suggests that complex metabolic interactions may be occurring in different 
micro-niches of the silage environment.    
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FIG.1. PCR amplification of 16S rRNA gene from 
total community DNA extracted from control 
silage (CS) samples using Bacteria-specific 
primers. Lane M, 1.0 kb DNA ladder; lanes 2 and 
3 show results of PCR amplification from CS 
samples 1 and 2, respectively.  

     M      1       2 

   2.0   

1.0 
1.5 kb 1.65 

0.8 
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FIG.2. EcoRI digestion of 26 random 16S rRNA clones 
from total community DNA extracted from control silage 
(CS) samples using Bacteria-specific primers. Lane M, 1.0 
kb DNA ladder; lanes 1 to 26 show 6 different classes of 
sequences designated here as operational taxonomic units or 
(OTU) found among these clones.  
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Table 1. List of bacterial genera found in corn silage sample by blast searches of 
sequences retrieved against nucleotide database of RDP database.  

Genus   Clones Genus  Clones 

Acetobacter 
Acidovorax 
Alcaligenes 
Arthrobacter 
Bacillus 
Bordetella 
Citrobacter 
Clostridium 
Comamonas 
Enterobacter 
Flavobacteria 

    31 
      6 
      4 
      2 
      6 
      5 
      5 
      1 
      2 
      9 
      2 

Klebisella 
Lysinibacillus 
Lactobacillus 
Microbacterium 
Providencia 
Pseudomonas 
Streptococcus 
Sphingobacter 
Sanguibacter 
Unculturable 
Bacteria 

    2 
    2 
  19 
    2 
    1 
    1 
    1 
    3 
    2 
  29 
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Corn silage specific communities of lactic acid bacteria as analyzed by temperature 
gradient gel electrophoresis with PCR products of 16S rRNA gene fragments and sequence 
analysis 
A. Ahmad1, J. Champoux, and W. M. Rutherford 
1Forage Additive Research, Pioneer Hi-Bred International, A Dupont Company, 7300 NW 62nd 
Ave., Johnston, IA 50131-1004, U.S.A.; Email: azeem.ahmad@pioneer.com 

Introduction  Lactic acid producing bacteria, specifically of the genus Lactobacillus, are of 
pivotal importance in producing high quality silage due to their specific metabolic activities. 
Before an active and stable bacterial community of these specific bacteria is established, 
naturally occurring epiphytic bacteria undergo continuous change in community composition and 
function during ensiling. These changes in bacterial communities and their functional component 
are not very well-documented with respect to different types of forage crops. In order to fully 
understand the ensiling process and how bacteria affect the process it is critical to understand 
their structure and function as well as in situ activities during the ensiling process. Temperature 
gradient gel electrophoresis (TGGE) has been proven to be a method of choice in tracking 
bacterial activities in a variety of environments. Here we propose to monitor these shifts in 
community structure in corn-silage over an ensiling period of 6 months using TGGE and 
sequence analysis. 

Materials and Methods The diversity and changes in community composition of the 
predominant epiphytic bacteria in un-inoculated corn silage were examined by TGGE with PCR 
products of 16S rRNA gene fragments and sequence analysis. The corn-silage samples were 
collected from a 2-ton silo at the Pioneer Livestock Nutrition Center (PLNC) located in Polk 
City, Iowa. Samples were collected and frozen immediately. Total community DNA was 
extracted from the untreated corn silage using FASTprep DNA system (Fig. 1). Partial 16S 
rRNA gene was amplified using LAB-specific primers with a GC-clamp attached to the reverse 
primer. PCR products were checked for concentration, purity, and appropriate size by agarose 
gel electrophoresis and ethidium bromide staining (Fig. 2). PCR products were used for TGGE 
with a TGGE Maxi system (Biometra). The 8% polyacrylamide gel was loaded with 5 μl of 
0159F-0515R-GC clamp products and loading dye solution and run for 16-17 h at 200 V with a 
parallel temperature gradient ranging from 35 to 55°C. After electrophoresis, the gel was stained 
with SyBr Gold solution and visualized by AlphaImager® Imaging System. Bands with similar 
positions in the gel were considered identical and were identified visually.  

Results and Discussion Lactic acid bacteria communities in the silage analyzed by TGGE band 
patterns were clearly different and separated into distinct clusters (Fig. 3). During ensiling, initial 
complex TGGE band patterns suggested high levels of diversity of bacterial species in corn 
silage. Cluster analyses demonstrated distinct differences among the communities at different 
times during the ensiling process (data not shown). The differences between different stages of 
ensiling were more significant after day 15 (Fig. 3). TGGE data from an entire ensiling period of 
six months suggest that, in the first 0-15 days, a bacterial community is already established and 
changes only slightly until day 30. The changes in bacterial community composition might show 
correlation with changes in pH, decrease in oxygen concentration and utilizable carbon substrate. 
Sequence analysis and identification of these communities at different stages of ensiling will 
yield more insight in the role of bacteria in the overall process of ensiling. 
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             Days ensiled 
     λ     0   15  30   60   90 

350 bp 
 420 bp 

Conclusions Lactic acid bacteria community composition changes distinctly and some bacterial 
groups become more dominant than others during the six month ensiling period. TGGE 
technique and sequencing has been successful and effective in following these changes in 
bacterial community composition in silage. 
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Fig. 3. TGGE analysis of 16S rRNAgene PCR products amplified 
using LAB-specific primers 0159F and 0515GCR. 

  λ     sDNA      

500 bp 

Fig.1. Total DNA extraction from silage 
(sDNA) samples using  
FastPrep DNA preparation system.  

Fig. 2. PCR amplifcation using LAB-specific primers of total genomic 
DNA from silage samples.  
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Effect of formaldehyde on protein degradation of alfalfa silage 
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Introduction  Preservation of high quality alfalfa as silage is limited by extensive protein 
degradation that occurs during fermentation. Of the total N (TN) in fresh forages, 75 to 90% is 
protein N (PN) and the remainder is nonprotein N (NPN). After ensiling, NPN may account for 
as much as 80% of TN. Waldo (1977) concluded that extensive protein degradation in the silo 
may result in lower dry matter intake by ruminants and reduce the efficiency with which N is 
utilized. Inefficient forage N utilization by ruminants also poses potential environmental 
problems since excess N is excreted in urine. Formaldehyde is one of most effective 
antimicrobial agents. It inactivates protein by forming covalent cross links with a number of 
organic functional groups on proteins, thus inhibiting microbial activity, and also reacts directly 
with plant proteins to prevent proteolysis during the ensiling process. This experiment was 
undertaken to study the effect of formaldehyde on protein degradation of alfalfa silage 
 
Materials and methods The first cutting alfalfa (Medicago sativa L.) was harvested at bud stage 
and immediately bag ensiled with 2 levels of formaldehyde (0.5% fresh weight, 0.5%F or 1% 
fresh weight, 1%F) or without additives as control (CK). Three bagged alfalfa silages of each 
treatment were stored at room temperature and sampled for analyzing pH, TN, NH3-N and NPN 
at 2 d, 5 d, 10 d, 15 d and 30 d and for determination of buffering capacity (BC) of the alfalfa 
material. 
 
Results and Discussion The Dry Matter (% fresh material) content (% DM), crude protein (CP) 
content (% DM), NPN content (% TN), water soluble carbohydrates (WS) content (% DM), and 
buffering capacity (BC) (mEq/kg) in alfalfa material were, respectively, 32.0, 18.9, 18.4, 5.49 
and 528.39. Alfalfa is good forage for feeding ruminants because of its high DM content, high 
CP content and low NPN content, but it also has the unfavorable properties for a silage material 
of high buffering capacity and low WSC content (Table 1).  

The lower pH and NH3-N and NPN contents, and higher TN of alfalfa silage treated with 
formaldehyde than that of control indicates that the formaldehyde promoted the fermentation 
quality and prevented proteolysis during the ensiling process of silage at 30 d. The pH of the 
control was higher at 5 days after ensiling and gradually increased, and that of alfalfa silage 
treated with formaldehyde increased only as the storage was extended. The pH of silage treated 
with formaldehyde was significant lower than control at 2 d, 5 d and 30 d (P < 0.05) (Table 2). 

  The TN content in silage treated formaldehyde was higher than that of control at 30 d, but 
there were no orderly trends in TN content in all treatments after ensiling. When the silage was 
treated with formaldehyde, the NH3-N content was lower than control at 2 d, 5 d, 15 d and 30 d. 
From 2 d to 5 d the NH3-N content increased rapidly and after 5 d there was no change in control. 
The whole trend of NH3-N content in silage treated with 0.5% formaldehyde increased gradually 
during ensiling, but the whole trend with 1% formaldehyde treatment was to decrease gradually 
during ensiling. The NPN content increased gradually during ensiling in all treatments. There 
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was lower NPN in silage treated with formaldehyde as compared with control at 2 d, 5 d, 15 d 
and 30 d (Figure 1).    
       
Conclusions The formaldehyde promoted the fermentation quality and prevented proteolysis 
during the ensiling process. 
 
References 
Jones B. A., R. D. Hatfield, and R. E. Muck. 1995. Characterization of proteolysis in alfalfa and 

red clover.Crop sci. 35:537-541. 
Waldo, D. R. 1977. Potential of chemical preservation and improvement of forages. J. Dairy Sci. 

60:306-326. 
 
Table 1. The chemical composition of the material 

Item DM 
% 

CP 
% DM 

NPN 
% TN 

NDF 
% DM 

ADF 
% DM 

WSC 
% DM 

BC 
mEq/kg 

Alfalfa 32.0 18.9 18.4 38.5 25.1 5.49 528.39 
 

Table 2. The effect of formaldehyde on pH of alfalfa silage 

Note: Means in the same column with different letters differ significantly (P < 0.05); CK: Control; 0.5% F: 0.5% Formaldehyde; 
1% F: 1% Formaldehyde 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Storage Time, d Treatments 
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CK 5.76a 5.86a 5.93a 6.12a 
0.5% F 5.65b 5.72b 5.90a 5.82b 
1% F 5.59c 5.63c 5.67b 5.85b 
SE 0.56 0.63 0.58 0.85 
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Silages as feedstock for biogas: Novel perspectives for silage additives 
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Introduction  Quality criteria applied to silages for animal feeding have to be reconsidered if 
silages are used as feedstock for biogas plants. Efficient storage ensuring low losses, long 
aerobic stability and maximized digestibility are major criteria for profitable operation of biogas 
plants. During the biogas process, biomass is converted through different steps into methane and 
carbon dioxide. Major intermediates are different acids mainly focused on acetic acid. Objective 
of this study was to evaluate whether adjusting the fermentation pattern of silage, by using 
microbial additives as a silage-starter, will result in an enhanced methane production in the 
biogas process. 
 
Materials and Methods Two maize silages from two harvest seasons (07/08) were ensiled 
untreated  (UT) and treated (T) with a mixture of LAB (L. buchneri-LB, L. plantarum-LP, 2x105 
cfu/g; Lactosan Starterkulturen GmbH und Co.KG). Silage trials were performed in lab scale of 
5-liter capacity. Silage losses, chemical composition, aerobic stability and methane yield were 
determined after 90 days of ensiling. The influence of oxygen exposition on the chemical 
composition and the methane yield were determined at different time-steps of aerobic 
deterioration, evaluated in Honig lab scale test. Dry mass losses were calculated according to 
Honig. Dry matter of maize silages varied between 27 to 35%. 
 
Results and Discussion Silage losses (calculated according to Weissbach) were slightly higher 
in treated silages but not significant (+0.3%n.s., +0.7%n.s.). Because of a heterolactic fermentation, 
treated silages resulted in significant higher acetic acid (+5.1s.and +3.7s. % of DM) and aerobic 
stability was enhanced ( +95h and >186h). Upon exposure to air treated silages showed no DM 
losses and methane yields remained stable (Table 1). Fermentation pattern of treated silages 
showed a decline in lactic acid with a concurrent rise in acetic acid (Fig. 2), the sum of 
fermentation products was preserved during exposure to air. Deterioration of untreated silages 
started immediately. Degradation of all acids (Fig. 1) and therefore a rise in pH resulted in 
significant DM losses (Table 1). DM losses and methane yield losses correlated well within the 
first period of deterioration; during longer exposition to air HONIG-losses slightly 
underestimated the methane losses (Table 1). 
 
Table 1. Influence of exposure to air on dry mass losses and methane yields  
 T=0 

 

96 hours 
 

160 hours 
 CH4 yield  CH4 yield losses  CH4 yield losses 

 M3/t DMc 
 

m3/t DMc %-DM %-CH4  
 

m3/t DMc %-DM %-CH4 
UT 339a 

 

- - - 
 

276b 13,3 19 I 
T 339 

 

- - - 
 

331 1,9 2,0 
UT 304a 

 

277b 6,8 9,1 
 

217c 23,3 28,6 II 
T 309 

 

304 2,8 1,4 
 

299 5,8 3,2 
a,b,c Means in the same row with different superscripts differ (P ≤ 0.05).  
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Conclusions Aerobic stability is improved by heterolactic fermentation. Upon exposure to air 
treatment with a heterolactic silage inoculant (especially LB) effectively degrades lactic acid to 
acetic acid and therefore might act as a substrate competitor to yeasts. Deteriorated silage 
showed a decline in methane yield, correlated with dry mass losses according to Honig. 
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Figure 1. Changes in chemical composition (lactic and acetic acid) of untreated maize silage 
due to oxygen influence during the feedout phase. Means without Error-Bars are single samples 
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Figure 2. Changes in chemical composition (lactic and acetic acids) of LB-treated maize silage 
due to oxygen influence during the feedout phase. Means without Error-Bars are single samples 
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Use of the in vitro gas production technique to determine the effect of timothy (Phleum 
pratense L.) conservation method on rumen fermentation 
R. Berthiaume1, R. Martineau1, and A. F. Brito1 
1Agriculture & Agri-Food Canada, Sherbrooke, Qc, Canada, Email: berthiaumer@agr.gc.ca 
 
Introduction  After cutting, plant proteases cause rapid and extensive proteolysis which can be 
restricted by increasing the dry matter (DM) content or by rapidly lowering crop pH. In silage, 
attaining a low final pH and a rapid rate of pH decline are important factors limiting proteolysis. 
While direct acidification (e.g., formic acid) of herbage at ensiling lowers pH rapidly and 
restricts fermentation, inoculation of silage with lactic acid-producing bacteria (LAB) 
accelerates the drop in pH by introducing a homofermentative flora that can rapidly begin 
producing lactic acid thereby enhancing fermentation. Although the end results are similar, little 
is known about the effect of these divergent conservation methods on the rumen. Our objective 
was to study the effects of three divergent methods of timothy conservation on in vitro gas 
production.  
 
Materials and Methods First-cut timothy was conserved as hay (H), restrictively-fermented 
silage (F: 85% formic acid applied at 6 L/t of fresh crop), or extensively-fermented silage (I: 
inoculation with a mixture of L. plantarum and P. cerevisiae yielding 1.25 x 1011 total cfu/t). 
Forages were dried and ground prior to being incubated in an anaerobic medium inoculated with 
ruminal fluid for 144 h. Regular measurements of gas volume were taken to assess rate of 
fermentation according to Theodorou et al (1994); gas volumes were fitted to the equation of 
Orskov and McDonald (1979).  
 
Results and Discussion The conservation method affected in vitro gas production. Haying 
increased the potential gas production (b), and decreased the rate of gas production (c) and the 
lag time when compared to ensiling. Restricting fermentation in silage (F) increased the 
potential gas production (b), had no effect on the rate of gas production (c) and decreased the lag 
time when compared to I. Although conservation method had no effect on total VFA, acetate 
and propionate concentration, H and F increased the acetate to propionate ratio compared to I. 
Gas is produced mainly when substrate is fermented to acetate and butyrate whereas substrate 
fermentation to propionate yields gas only from buffering of acid. Therefore, relatively lower 
gas production is associated with propionate production. Consequently, the molar ratio of 
acetate to propionate has been used to evaluate substrate related differences. In the present trial 
the fermentation of hay led to a higher proportion of acetate in the rumen with a concomitant 
increase in gas production compared to silages; whereas feeding extensively fermented silage (I) 
led to a higher proportion of propionate in the rumen and a reduction in rumen gas production 
compared to restrictively fermented silage (F).  
 
Conclusions Our results indicate that, compared to haying or restricting fermemtation with 
formic acid, inoculation of timothy with lactic acid-producing bacteria elicited a shift in the 
proportion of ruminal VFA towards more propionate and less acetate leading to a reduction in 
gas production.  
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Table 1 Chemical composition and fermentation characteristics of timothy conserved differently 
 Treatmentsz 
 H F I 
    DM (g/kg as-fed basis) 863 386 366 
    CP (g/kg DM) 104 124 139 
    NDF (g/kg DM) 710 643 608 
   ash (g/kgDM)   46   57   67 
   Water Soluble Carbohydrates (g/kgDM)   84   97   46 
   pH     4.22    4.36 
   NH3-N (g kg -1 total N)   50  73 
   Lactate (g kg -1 DM)   39  95 
   Acetate (g kg -1 DM)     7.1  15.6 
zH = hay; F = formic acid-treated silage; I = inoculated silage. 
 
Table 2. Effect of conservation method on in vitro fermentation of timothy hay or silage 
 Treatmentsz  Contrast (P)y 
Itemx H F I SEM P  1 2 
a (ml/g DM)  0 0 4.7 0.93   0.02 0.09  0.01 
b (ml/g DM)  239 229 203 1.4 <0.01 <0.01 <0.01 
c (%/h)     4.9     5.1     5.3 0.09   0.04   0.03   0.09 
Lag Time (h)     1.38     1.51     3.03   0.192 <0.01 <0.01 <0.01 
EG (ml/g DM) 165.8 159.9 143.6 1.64 <0.01 <0.01 <0.01 
Acetate (A; mol/100 mol) 73.2 72.9 69.9 0.001 <0.01 <0.01 <0.01 
Propionate (P; mol/100 
mol) 

18.5 19.4 21.1 0.098 <0.01 <0.01 <0.01 

Butyrate (mol/100 mol) 5.9 5.4 6.4 0.041 <0.01 0.30 <0.01 
Total VFA (mM) 66.8 66.9 65.4 2.27 0.88 0.83 0.65 
A:P ratio 3.95 3.76 3.32 0.027 <0.01 <0.01 <0.01 
zH = hay; F = formic acid-treated or restrictively-fermented silage; I = inoculated or extensively-
fermented silage; yContrast 1 = H vs. F and I; contrast 2 = F vs. I; xNLIN fitted values; a = gas 
produced from soluble fraction; b = potential gas production; c = gas production rate of fraction 
b; L = lag time; EG = effective gas production calculated at a passage rate of 0.02/h. 
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Effect of 11CFT inoculant on mid lactation dairy cow performances 
P. Berzaghi 
Department of Animal Science, University of Padua, Italy  
Email: paolo.berzaghi@unipd.it 
 
Introduction  The improvement of NDF digestibility (NDFD) of forages has gained a lot of 
attention in the past decade. Studies (Oba and Allen, 1999) have shown increases in DM intake 
and milk production with the improvement of NDFD.  For corn silage an easy solution to rapidly 
increase NDFD is the use of brown mid-rib hybrids. These hybrids are not available in Europe 
and have limitation in yield and lodging. Inoculants are becoming common additives for forages 
during ensiling. Recently Nsereko (2008) identified a strain of Lactobacillus buchneri, 
commonly used in inoculants, capable of producing ferulate esterase, increasing the NDFD of 
the forage during ensiling. The objective of the study was to evaluate the effect of an inoculant 
with that strain on dairy cow performances.  
 
Materials and Methods Two animal trials were performed in two separate years using a similar 
crossover design with periods of 4 wk. In both trials corn was chopped from a field and alternate 
loads were used to fill two separate bunkers, one was treated by manually applying 11CFT and 
the other had no inoculant treatment. The two silages were used to prepared two diets that 
differed only for the corn silage source. In Trial 1 corn silage represented 44 and 54% of the 
dietary DM and NDF, in Trial 2 it represented 59 and 77%. Feeding started 2 months after 
ensiling in trail 1 and 8 months in trial 2. Cows (trial 1=24; trial 2=12) were blocked into two 
groups similar for milk production and days in milk. The first 3 weeks were used for adaptation 
and data collection was performed of the 4th week of each period. Intake was monitored using 
electronic mangers fitted with loading cells, milk was recorded at each milking (2X), and milk 
samples were taken for four consecutive milking. Performances data were subject to proc Mix 
analysis by SAS. 
 
Results and Discussion In both trials chemical composition of the control and 11CFT silages 
was similar, however there was a large difference in composition between silages in the two 
trials. In Trial 1 an unfavorable growing season did not allow a full development of the ears, 
which resulted in a low content of starch (28% DM) and high content of NDF (46% DM). In 
Trail 2 there was a more favorable growing season, however rain delayed harvest, producing a 
drier silage with high starch content (33%DM) and low NDF (40% DM) (Table 1). The 
composition of the diet between groups was similar in both trials, with differences in NDF and 
starch content between the trials. In Trail 1 DM intake (DMI) was increased by 1 kg/d by the use 
11CFT, but silage treatment did not affect milk production and composition (Table 1). In Trial 2 
there was the same magnitude of increase in DMI, but it was not significant, which promoted a 
greater (P<0.06) FCM 3.5% and fat yield for cows receiving the treated silage. An analysis of 
production data by parity and initial milk yield indicated that in trial 1 there was no benefit of 
greater intake regardless of parity of milk potential. Considering the great differences between 
parity, it seems that in Trial 1 there were factors other then DMI limiting milk yield.  
In Trial 2, by blocking cows for level of production (milk production above and below 30 kg/d), 
revealed there was a significant (P<0.05) increase in FCM 3.5% for cows receiving 11CFT (35.3 
vs 38.0 kg/d), but no effect on the lower producing cows (27.9 vs. 28.0 kg/d) (Figure 1). 
 



 

July 27-29, 2009 – Madison, Wisconsin, USA 360 

Conclusions The 11CFT inoculant was able to increase DM intake in both trials, but milk 
response was inconsistent between trials. When milk yield is not limited, the increase in DM 
intake with the inoculant resulted in a significant increase in milk production. Further research 
should address the use of 11CFT silage for fresh or transition cows when energy balance has a 
greater impact in cow performance. 
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Table 1. Effect of 11CFT inoculant on DM intake and milk production1 

  Trial1     Trial 2   

  CONT 11CFT SE P  CONT 11CFT SE P 

DM intake, kg/d 21.2 22.2 0.8 0.05  20.5 21.5 0.5 0.15 

Milk yield, kg/d 31.8 31.4 1.9 0.46  32.9 33.3 1.2 0.48 

FCM 3.5, kg/d 34.0 34.3 1.7 0.70  32.3 33.8 1.6 0.06 

Fat, % 3.98 4.11 0.15 0.14  3.44 3.63 0.08 0.14 

Protein, % 3.50 3.52 0.11 0.40  3.48 3.45 0.05 0.64 

Lactose, % 4.93 4.90 0.04 0.41  4.98 4.99 0.02 0.64 

Fat yield, g/d 1243 1272 64 0.44  1110 1195 28 0.06 

Protein yield, g/d 1099 1091 48 0.76  1136 1136 11 0.99 
1CONT = corn silage without inoculant; 11CFT = corn silage with inoculant 11CFT. 
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Figure 1. Interaction between level of milk production and use of 11CFT inoculant 
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Effect of silo type on utilization of alfalfa silage by lactating dairy cows 
G. A. Broderick1, R. E. Muck1, and S. J. Krizsan2 
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Introduction  Three of the most common silo types used in the United States are tower, bunker 
and pressed bag silos. We split second cutting alfalfa among an O2-limiting tower, a bunker and 
a bag silo to determine how storage structure affected utilization of alfalfa silage when fed as the 
principal forage to lactating dairy cows. 
 
Materials and Methods Alfalfa was harvested during both 2004 and 2005 as second cutting 
and ensiled each year in a bunker silo (4.9 x 21 x 3.5 m), a pressed bag silo (2.4 x 52 m) and an 
O2-limiting tower silo (4.3 x 15 m). All 3 silos were filled from the same fields with about 50% 
from each field allocated to the bunker silo and about 25% to each of the other silos. All 3 silos 
were opened simultaneously in late spring and fed to 36 lactating Holstein cows in 2 separate 
trials during summer 2005 (harvest year 2004) and 2006 (harvest year 2005). Silages were fed in 
a cyclic change-over (reversal) design during Trial 1 and in a randomized complete block (non-
reversal) design with covariate period in Trial 2. Diets averaged (DM basis) 41% alfalfa silage, 
15% corn silage, 35% ground shelled corn, 5% soybean meal, 4% roasted soybeans, 17.7% CP, 
and 26.4% NDF (Trial 1); and 41% alfalfa silage, 24% corn silage, 24% ground high moisture 
corn, 4% soybean meal, 4% roasted soybeans, 16.7% CP, and 30.5% NDF (Trial 2). Statistical 
analysis of production traits was done using the mixed procedures of SAS. Other details of these 
experiments have been reported elsewhere (Krizsan et al., 2007; Broderick and Muck, 2009). 
 
Results and Discussion During Trial 1, silage source had no effect on DM intake, weight gain or 
milk yield; however, cows fed alfalfa from the O2-limiting silo had higher (P ≤ 0.01) fiber 
digestibility and milk fat content and yield of fat and fat-corrected milk than cows fed alfalfa from 
either the bunker or bag silos (Table 1). During Trial 2, there was greater (P < 0.01) DM intake 
and greater (P ≤ 0.04) fiber digestibility when cows were fed alfalfa from the O2-limiting silo; 
alfalfa from that silo also contained more (P < 0.01) nonfiber carbohydrate and had lower (P ≤ 
0.05) pH and ammonia (data not shown). Although not measured in Trial 1, cows fed alfalfa from 
the O2-limiting silo were in more positive N balance in the second trial. However, silage source 
had no effect on weight gain or yield of milk or milk components in Trial 2. 
 
Conclusions In addition to lower losses during ensiling and feed-out, nutrient utilization was 
greater in 2 trials when dairy cows were fed alfalfa ensiled in an O2-limiting tower silo. However, 
yield of fat and fat-corrected milk was greater in only 1 trial. Results indicate that more favorable 
composition of alfalfa ensiled in O2-limiting silos may not always result in improved production. 
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Table 1.  Production of lactating cows fed alfalfa ensiled in 3 different silo structures 
Item Bag Bunker O2-Limited SE1 P > F2 
Trial 1 (Alfalfa harvested during 2004)    
DM intake, kg/d 24.1 24.0 24.0 0.4 0.93 
BW change, kg/d 0.18 0.33 0.42 0.12 0.13 
Milk yield, kg/d 39.2 39.3 39.7 0.8 0.60 
Milk/DM intake 1.63 1.65 1.67 0.03 0.10 
3.5% FCM, kg/d 39.0b 39.1b 41.7a 1.02 < 0.01 
Milk fat, % 3.51b 3.47b 3.78a 0.09 < 0.01 
Milk fat, kg/d 1.36b 1.36b 1.51a 0.05 < 0.01 
Milk protein, % 2.96 2.94 2.95 0.03 0.48 
Milk true protein, kg/d 1.16 1.15 1.17 0.03 0.64 
MUN, mg/dL 14.7 14.9 14.8 0.3 0.77 
Excretion      
Total urine-N, g/d 165 166 166 4 0.96 
Fecal N, g/d 322 344 319 13 0.06 
Manure-N, g/d 487 510 485 17 0.28 
Apparent digestibility      
OM, % 62.1 60.6 61.2 0.9 0.20 
NDF, % 42.3b 44.1ab 45.0a 0.8 0.01 
ADF, % 42.2b 40.7c 45.2a 0.8 < 0.01 
N, % 53.6 50.4 52.2 1.4 0.06 
Trial 2 (Alfalfa harvested during 2005)    
DM intake, kg/d 21.2b 21.9b 23.0a 0.3 < 0.01 
BW change, kg/d 0.09 0.09 -0.01 0.08 0.63 
Milk yield, kg/d 36.6 36.9 37.5 0.7 0.63 
Milk/DM intake 1.74a 1.69ab 1.63b 0.03 0.02 
3.5% FCM, kg/d 37.1 38.0 36.9 1.1 0.72 
Milk fat, % 3.67 3.86 3.50 0.11 0.07 
Milk fat, kg/d 1.32 1.38 1.29 0.05 0.37 
Milk protein, % 2.94 2.95 2.95 0.03 0.94 
Milk true protein, kg/d 1.07 1.05 1.09 0.02 0.54 
MUN, mg/dL 10.0b 11.7a 11.6a 0.5 0.04 
Excretion4      
Total urine-N, g/d 143b 157a 136b 5 0.02 
Fecal N, g/d 278 276 272 8 0.89 
Manure-N, g/d 420 434 408 11 0.26 
N-balance, g/d -4b -8b 26a 9 0.02 
Apparent digestibility      
OM, % 58.4 60.1 61.2 0.8 0.09 
NDF, % 37.3b 40.4a 41.0a 0.9 0.02 
ADF, % 40.7b 40.9b 43.6a 0.8 0.04 
N, % 52.3 52.9 55.4 1.1 0.14 
a,b,cMeans in the same row with different superscripts differ (P ≤ 0.05). 
1Standard error of the least squares means. 
2Probability of significant effect of dietary source of alfalfa silage. 
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Influence of treating grass with a ferulate esterase releasing inoculant (Pioneer® 11GFT) on 
preservation and total tract digestibility of ensilage 
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Introduction  In silages, anaerobic conditions and acidification by lactic acid inhibits microbial 
metabolism and preserves nutrients. However, preservation success varies and depends on 
various factors such as forage type, buffer capacity, contents of water-soluble carbohydrates and 
epiphytic counts of lactic acid bacteria and have been discussed in detail elsewhere (Kung, 2001). 
Also, exposure to air at feed-out may lead to losses through heating and spoilage of silage (Kung, 
2001). Improvements in preservation success have been reported through application of 
inoculants inter alia containing homofermentative bacteria while improvements in aerobic 
stability have been reported through application of inoculants inter alia containing 
heterofermentative bacteria (Kung, 2001; Muck, 2004). An inoculant containing the 
heterofermentative bacterium L. buchneri PTA 6138 that releases ferulate esterase during 
fermentation has been shown to increase aerobic stability and NDF digestibility in corn silage 
(Nsereko et al., 2006). Ferulic acid cross-links restrict enzymatic degradation of cell wall 
polysaccharides in grasses (Graminaceae). Hence, releasing ferulic acid from cell walls can 
increase the susceptibility of plant cell walls to further enzymatic hydrolysis. The objective of 
this study was to examine effects of inoculation of grass silages on fermentation, aerobic stability 
and digestibility parameters by the commercial product Pioneer®  brand11GFT: This inoculant is 
based on the ferulate esterase releasing, heterofermentative L. buchneri strain PTA6138 plus two 
homofermentative lactic acid bacteria strains. 
 
Materials and Methods To investigate the impact on digestibility parameters, a set of 4 silages 
from various cuts harvested in 2006 and 2007 were prepared, ensiled with and without inoculant 
treatment and fed to wether sheep. These digestibility trials were conducted in accordance with 
the recommendations specified by the German Society for Nutrition Physiology (Ausschuss für 
Bedarfsnormen der Gesellschaft für Ernährungsphysiologie, 1991). Fermentation and aerobic 
stability (Honig, 1990) were investigated in 19 silages and 32 silages respectively with and 
without inoculant treatment harvested from different cuts in 2006 to 2008. Data sets covered a 
wide range of dry matter contents and quality parameters. 
 
Results and Discussion The LSMEANS evaluation of the in vivo digestibility trials showed 
significant (p<0.05) enhancements of digestibilities of proximate constituents and energy density 
through inoculant treatment. Digestibilities of fiber components (neutral and acid detergent fiber 
as well as non-fiber carbohydrates) showed numerical increases (Table 1). The evaluation of 
fermentation and aerobic stability using a paired Student’s t-test demonstrated significantly 
enhanced efficiency and success of fermentation in terms of significantly lowered fermentation 
losses and terminal pH-value along with a significantly improved aerobic stability. Overall, 
Pioneer® brand 11GFT is able to improve feeding value as well as conservation and aerobic 
stability of ensiled grasses. 
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Table 1. LSmeans of various parameters of grass silages as affected by inoculation with Pioneer 
11GFT, covariates included in the model and p-value of differences. 

 
 

Table 2. Effect of inoculation of grass silages with Pioneer 11GFT on various fermentation and 
stability parameters 

P-Value
Control 11GFT 

n=4 n=24 
Organic Matter (%) %DM, %CF 77.2 78.6 <0.0001
Crude Fiber (%) 82.3 83.5 0.0165
Crude Protein (%) %DM, %CF 70.4 72.2 0.0008
Crude Lipids (%) %DM 45.4 51.2 0.0312
NfE (%) %DM, %CF 78.4 79.4 0.0043
NDF (%) %NDF 76.7 77.6 0.2531
ADF (%) %ADF; %DM 70.5 71.4 0.3565
NFC (%) %DM, %NDF 85.7 87.8 0.1467

MJ/kg DM %DM, %CF 10.55 10.77 <0.0001

Parameter LSMEANS 

Digestibility of… 

Metabilizable Energy 

Covariates

Item n Control (SD) Treatment (SD) Level of 
Significance

Fermentation Characteristics
ph Day 3 5 5.9 (0.5) 5.1 (0.5) *
ph Day 90 19 4.7 (0.5) 4.2 (0.3) **
Fermentation Losses 19 3.6 (2.3) 2.7 (2.6)

Lactic Acid 19 1.6 (0.9) 2.7 (0.9) **
Acetic Acid 19 0.5 (0.4) 0.6 (0.5)

Buttyric Acid 19 0.3 (0.5) 0.0 (0.1) **
1,2-Propandiol 19 0.1 (0.3) 0.2 (0.3)

Ethanol 19 0.5 (0.5) 0.3 (0.5)

Aerob Stability
Aerob Stability 32 75 (44) 130 (52) **
Aerob Losses 32 7.0 (4.3) 3.2 (4.6) **
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Influence of inoculating corn with a ferulate esterase releasing inoculant (Pioneer® brand 
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Introduction In silages, anaerobic conditions and acidification by lactic acid inhibit microbial 
metabolism and preserve nutrients. However, preservation success varies and depends on various 
factors such as forage type, buffer capacity, contents of water-soluble carbohydrates and 
epiphytic counts of lactic acid bacteria and have been discussed in detail elsewhere (Kung, 2001). 
Also, exposure to air at feed-out may lead to losses through heating and spoilage of silage (Kung, 
2001). Improvements in preservation success have been reported through application of 
inoculants containing, inter alia, homofermentative bacteria while improvements in aerobic 
stability have been reported through application of inoculants containing, inter alia, 
heterofermentative bacteria (Kung, 2001; Muck, 2004). An inoculant containing the 
heterofermentative bacterium L. buchneri PTA 6138 that releases ferulate esterase during 
fermentation has been shown to increase aerobic stability and NDF digestibility in corn silage 
(Nsereko et al., 2006). Ferulic acid cross-links restrict enzymatic degradation of cell wall 
polysaccharides in grasses (Graminaceae). Hence, releasing ferulic acid from cell wall can 
increase the susceptibility of plant cell walls to further enzymatic hydrolysis. The objective of 
this study was to examine effects of inoculation of corn silages on fermentation, aerobic stability 
and digestibility parameters by the commercial product Pioneer® brand 11CFT: This inoculant is 
based on the ferulate esterase releasing, heterofermentative L. buchneri strain PTA6138 plus two 
homofermentative lactic acid bacteria strains. 
 
Materials and Methods To investigate the impact on digestibility parameters, a set of 3 silages 
from various cuts harvested in 2007 were prepared, ensiled with and without inoculant treatment 
and fed to wether sheep. These digestibility trials were conducted in accordance with the 
recommendations specified by the German Society for Nutrition Physiology (Ausschuss für 
Bedarfsnormen der Gesellschaft für Ernährungsphysiologie, 1991). In addition, results from 5 
digestibility trials conducted internally at Pioneer were added to the dataset. Fermentation and 
aerobic stability (acc. to Honig, 1990) were investigated with 23 silages ensiled with and without 
inoculant treatment harvested in 2004 to 2007. 
 
Results and Discussion The LSMEANS evaluation of the in vivo digestibility trials (Table 1) 
showed significant differences in important digestibility parameters and energy density by 
inoculant treatment. Fermentation and aerobic stability using a paired Student’s t-test showed 
significant (P < 0.05) impact on fermentation acid pattern with increased contents of acetic acid 
and reduced contents of lactic acids the main differences (Table 2). Fermentation losses were not 
affected but aerobic stability was significantly enhanced. Overall, Pioneer® brand11CFT is able 
to improve conservation and aerobic stability of corn silage and tends to improve feeding value.  
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Table 1. LSmeans of various parameters of corn silages as affected by inoculation with Pioneer 
11CFT, covariates included in the model and p-value of differences. 

Table 2. Effect of inoculation of corn silages with Pioneer 11CFT on various fermentation and 
stability.parameters

 
* P < 0.01 

P-Value
Control 11CFT DM Starch CF ADF Variety Lab

n=64 n=66
Organic Matter (%) 71.8 73 0.027 0.019 0.004 0.035 0.049
Crude Fiber (%) 59 60.5 0.136 <0.0001 0.494 0.013 0.0005 0.003
NfE (%) 78.6 79.5 0.045 0.012 <0.0001 0.096 0.03 <0.0001
ADF (%) 41.8 41.7 0.968 <0.0001 <0.0001 <0.0001 0,002 
NDF (%) 54.9 56.6 0.068 0.19 <0.0001 0.004 0.0001
Hemicellulose (%) 75.2 78.1 0.04 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

MJ/kg DM 10.46 10.65 0.013 0.018 <0.0001 0.572
MJ/kg DM 6.28 6.41 0.016 0.022 <0.0001 0.437Net Energy Lactation 

Parameter P-Value of significance Impact of CovariateLSMEANS 

Digestibility of… 

Metabolizable Energy 

Item n Control (SD) Treatment (SD) Level of 
Significance 

Fermentation Characteristics 
pH Day 6 4.2 (0.1) 4.2 (0.1) 
pH Day 23 3.9 (0.1) 4.0 (0.1) *
Fermentation 18 2.6 (1.9) 2.5 (1.9) 
Lactic 23 5.6 (1.1) 4.9 (1.1) *
Acetic 23 1.7 (0.5) 2.2 (0.5) *
Butyric 23 0.0 (0.0) 0.0 (0.0) 
1,2-Propandiol 17 0.0 (0.1) 0.4 (0.3) *
Ethan 17 1.7 (0.7) 1.6 (0.9) 

Aerobic Stability 
Aerobic 23 59 (31) 107 (42) *
Aerobic 23 6.3 (4.9) 2.9 (2.7) *
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Dry matter intake and performance of beef cattle fed diets containing marandu grass silage, 
treated with microbial inoculants. 
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Introduction  Brazil has the world's largest commercial cattle herd, and since 2003 is the first 
country in beef meat exportation, with a slaughter rate around 24%, which is not in accordance 
with its productive potentialities. This is mainly associated to inadequate nutrition in intense 
grazing systems which undergo significant seasonal variation in forage production along the year 
due to tropical climatic conditions. The use of conserved forage, mainly silage, has becoming a 
viable alternative for supplying high quality forage during the period of food shortage. The 
objective of this experiment was to evaluate nutrient intakes and animal performance of beef 
cattle fed diets containing Brachiaria brizantha cv Marandu silage of two regrowth ages with 
and without microbial inoculants. 
 
Materials and Methods The experiment was developed at the Experimentation Center, 
Research and Extension of the “Triângulo Mineiro”, from Federal University of Viçosa, Brazil. 
Thirty two Zebu steers with initial live weight of 370 kg were allotted in a 2x2 factorial 
arrangement of treatments, silages from grasses of 2 regrowth ages (35 and 70 days),  with and 
without microbial inoculant in a randomized blocks design with eight replicates. The inoculant 
used in the experiment was Sil All C4 (Alttech, Brazil). The steers were kept in individual pens 
of approximately 10 m2, with protected feeders and water. The experiment was conducted for 99 
d (15 d for diet adaptation, and 3 periods of 28 d for data collection). Steers were individually fed 
for ad libitum intake twice daily at 8:00 AM and 3:00 PM. Diets were fed as a total mixed ration, 
in which B. brizantha silage  and concentrate were weighed and mixed before feeding. The diets 
consisted of 50% of grass silage and 50% concentrate (DM basis), and were formulated to 
contain 13% CP (DM basis). 
 
Results and Discussion Dry matter contents of 20.5 and 22.3% were registered for plants 
harvested with 35 and 70 days of regrowth, respectively. There were no differences (P > 0.05) in 
the daily intakes of nutrients (Table 1) and animal performance (Table 2) among treatments. 
These results are consistent because no differences were found between nutrient intakes. This 
may be attributed to similar chemical composition among the diets. According to Muck and 
Kung Jr. (1997), the bacterial inoculants are more likely to promote improvement in the silage 
fermentation process than in animal performance. 
 
Conclusions The results of this study indicate that the inoculants tested does not favor animal 
performance of beef cattle fed diet containing Brachiaria brizantha silage of 35 and 70 days of 
regrowth as forage source. 
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Table 1. Nutrients intake and coefficients of variation (CV) for the different experimental diets. 
Means are average of eight steers 
Silage/ 
Inoculant 

Regrowth 
ages (days) Intake (kg/day) 

  DM1 OM2 NDF3 CP4 NFC5 

35 9.36 8.76 2.85 1.18 4.58 Without 
70 9.35 8.80 3.05 1.31 4.29 
35 9.34 8.71 2.87 1.19 4.52 Sil All C4 
70 10.06 9.42 3.31 1.41 4.55 

CV (%)  10.91 11.17 12.87 12.12 10.58 
  DM1 NDF3 

Silage/ 
Inoculant 

Regrowth 
ages (days) Intake (% BW) 

35 2.28 0.69 Without 
70 2.29 0.75 
35 2.24 0.69 Sil All C4 
70 2.38 0.78 

CV (%)  10.05 11.73 
1DM = Dry matter; 2OM = Organic matter; 3NDF = Neutral detergent fiber; 4CP = Crude protein; 
5NFC = Non fiber carbohydrates. 
 
 
Table 2. Average daily gain (ADG), carcass gain (CG), food conversion (FC) and dressing 
percentage (DP) for the different experimental diets 
Silage/Inoculant Age (days) ADG (kg/day) DP (%) FC CG (kg/day)

35 1.24 54.92 8.29 0.84 Without 
70 1.18 55.48 8.00 0.83 
35 1.13 55.63 8.69 0.82 Sil All C4 
70 1.15 54.29 8,48 0.76 

CV (%)  15.52 7.62 18.80 26.15 
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Nutritive value of whole plant faba bean (Vicia faba minor) silage 
S. Colombini, L. Rapetti, P. Roveda, A. Sandrucci, and A. Tamburini 
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stefania.colombini@gmail.com 
 
Introduction  The need to reduce feeding costs and imports of protein supplements has 
increased the appeal of using home-grown protein-rich plant species as livestock feeds. Whole 
plant faba bean silage has great potential as a high quality forage due to its high protein content. 
The aim of the present work was to determine the nutritive value of faba bean (Vicia faba minor) 
silage (FB) in comparison with Italian ryegrass (Lolium multiflorum Lam., cv Barmultra) silage 
(IR) in Italy. 
 
Materials and Methods Experimental forages were harvested at early heading stage (IR) and at 
early pod filling stage (FB) and wilted for 24 and 48 h, respectively. Eight mature wethers 
(Bergamasca breed) with an average bodyweight (BW) of 88.3 ± 15.4 kg were fed either FB or 
IR silage alone. A digestibility trial was conducted over two periods using a crossover 
experimental design. Wethers were fed restricted diets (40 g DM / kg BW0.75) in metabolic cages 
adapted for collection of faeces and urine separately. Each experimental period lasted 21 d and 
consisted of 14 d for adaptation and 7 d for sample and data collection. During each collection 
period wethers were confined also in respiration chambers for three 24 h-cycles. Total heat 
production (HP) was determined by indirect calorimetry using Brouwer’s equation (1958). Net 
energy for maintenance (NEM) was calculated as a function of metabolizable energy (ME). 
Metabolizability and net energy for lactation (NEL) were calculated according to van Es (1978).  
 
Results and Discussion Table 1 shows the chemical composition of the silages. DM content was 
39.3 and 22.3% for FB and IR, respectively. FB silage had higher CP and lower NDF contents 
than IR as expected for grass versus legume crops. Non protein nitrogen (NPN) was high in both 
silages and higher for IR (50.3 % N total) than FB (44.8 % N total). IR silage had higher 
apparent digestibility of OM (71.3 vs 63.2%, P<0.01), of NDF (72.1 vs 45.5%, P<0.001) and of 
energy (69.0 vs 61.1%, P<0.01) in comparison to FB silage. NDF digestibility of FB was very 
low and it was lower than the value (58.7%) reported by Fraser et al. (2000). Apparent nitrogen 
digestibility was not different between silages (69.7 IR vs 70.5 FB, NS). Energy values are 
shown in Table 2. Gross energy (GE) was significantly higher in IR. Daily excretion of faecal 
energy (% GE intake) was significantly greater for FB than for IR (38.9 vs 31.0 P<0.01), 
consequently, digestible energy of FB silage was significantly lower than that for IR (P<0.001). 
FB silage determined lower energy losses as urine (4.2 vs 5.2% GEI, P<0.05) and methane (5.4 
vs 6.9% GEI, P<0.05). Total heat production (expressed as % of metabolizable energy intake) 
was similar between the silages (98.4 and 98.7% MEI, for IR and FB). Metabolizable energy and 
net energy for lactation (NEL) tended to be higher for IR than FB silage (P<0.15). 
 
Conclusions The FB silage is a useful high protein forage, which can be grown as a winter crop 
in a double-cropping system based on corn as summer crop. However, like other legume silages 
FB has low NDF digestibility, which could decrease dry matter intake. 
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Table 1. Chemical composition of faba bean (FB) and Italian ryegrass (IR) silages 

 FB IR 
Dry Matter, % as fed 39.3 22.3 
Organic matter, % DM 87.8 89.0 
Crude protein, % DM 16.4 12.3 
Soluble protein, % CP 53.0 54.3 
Non Protein Nitrogen, % total N 44.8 50.3 
NH3-Nitrogen, % total N 4.3 7.8 
Ether extract, % DM 2.9 3.0 
Neutral Detergent Fiber, % DM 43.7 54.7 
Acid Detergent Fiber , % DM 36.6 36.9 
Acid Detergent Lignin, % DM 7.0 4.0 
Starch, % DM 2.2 0.6 
Non Fiber Carbohydrates, 1 % DM 

1
24.7 19.0 

Lactic acid, % DM 1.87 2.57 
Acetic acid, % DM 1.76 0.98 
Propionic acid, % DM n.d 0.02 
Butyric acid, % DM 0.10 0.05 
Ethanol, % DM 0.17 0.19 
pH 4.5 3.0  

1 Non Fiber Carbohydrates = 100 -  (%NDF + %CP + %fat + %ash) 
 
Table 2. Energy utilization of faba bean (FB) and Italian ryegrass (IR) silages 
 FB IR SEM P
Gross energy (GE), Mcal/kg of DM 4.36 4.55 0.019 ***
Digestible energy (DE), Mcal/kg of DM  2.66 3.13 0.049 *** 
Metabolizable energy (ME), Mcal/kg of DM  2.24 2.58 0.088 + 
km 0.70 0.72 0.006 NS 
kl 0.59 0.60 0.005 NS 
Net energy for maintenance (NEM), 1 Mcal/kg of DM  1.57 1.85 0.075 NS 
Net energy for lactation (NEL), 2 Mcal/kg of DM  1.32 1.55 0.063 + 

+P <0.15 * P < 0.05; ** P < 0.01; *** P < 0.001 
1 NEm=ME*km=ME*(0.554+0.287*ME/GE) 
2 NEl=ME*kl=ME*(0.4632+0.24*ME/GE) 
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Introduction  Because of their lower nutrient value (compared to the corn silage) the traditional 
hybrids of sorghum are neither widespread nor commonly used in cattle feeding. By contrast, the 
BMR hybrids of sorghum-sudangrass due to their potential for multiple harvests are very 
interesting fodder plants, suitable for direct feeding as well as ensiling (Kilcer et al., 2005). 
Further, the literature suggests that BMR hybrids can be used in the rations of lactating dairy 
cattle to a similar degree as corn silage. Miller and Stroup (2003), but also Oliver et al. (2004) 
and others claim that BMR hybrids are characterized by higher NDF digestibility, higher protein 
quality and also better palatability. In order to use the biomass for ensiling as effectively as 
possible it is necessary to harvest it at the appropriate vegetation phase when the optimum 
concentration of the digestible energy and organic mass occurs (Dickerson et al., 1995; Sonon et 
al, 1991 and others). The level of lignification is low at such time. The main sources of energy in 
the grass are the soluble sugars that positively affect dry matter intake. The higher concentration 
of the sugars enables a fast and good fermentation to take place. 
 
Materials and Methods The aim of the work was to study the changes in the chemical 
composition of the multicut hybrid Nutri-Honey as affected by cutting date and to determine the 
optimum phase for the harvest and preservation from the point of view of the concentration of 
the main nutrients. The nutrient composition of the sorghum-sudangrass was monitored. Samples 
were taken from July 1 till August 9, in 9 periods. Dry matter content, crude protein, crude fibre, 
ADF, NDF and soluble sugar were analyzed. Crude protein quality was evaluated through in 
sacco rumen degradability. 
 
Results and Discussion The highest contents of crude protein and soluble sugars were detected 
at the beginning of July; the contents of these nutrients decreased at later cuttings (Table 1). 
Along with the decrease in the crude protein content, the protein degradability also decreased. In 
contrast, the concentrations of dry matter, fibre and hemicellulose generally increased gradually 
with time. From the 4th cutting date, increases in CF and also ADF and NDF were detected. The 
highest values were detected in the last two periods. Aging of the sward reduced the soluble 
sugar content from 10.06% to 4.63% of DM. Balanced by the content of the hemicelluloses it 
positively influenced the in vitro digestibility of the organic mass. For the production of high-
quality forage with maximum nutrient value, it is important to select the most appropriate time of 
harvesting. The harvesting in later vegetation phases is connected with a higher content of fibre, 
lower organic matter digestibility, and lower concentration of water-soluble carbohydrates. The 
water-soluble carbohydrate concentration is an important factor for successful ensiling. 
 
Conclusions The results of this study indicate that the best chemical composition and nutritive 
value of the multicutting hybrid Nutri-Honey was at the 4th or 5th cutting date in the vegetation 
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phase. Harvesting at a later vegetation phase was connected with a higher content of fibre, ADF 
and NDF, lower organic matter digestibility, and lower concentration of water-soluble 
carbohydrates. 
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Table 1. Average nutrient content of Nutri-Honey sorghum-sudangrass in trial (on a DM basis 
except as noted)  

 Cutting Date (day/month) 
Nutrients 1/7 7/7 14/7 17/7 22/7 28/7 31/7 5/8 8/8 
Dry matter, % 15.29 12.01 12.10 12.20 13.73 14.88 16.70 18.29 20.34 
Crude protein, % 21.32 15.32 15.03 16.17 17.05 16.35 14.29 14.08 14.15 
Crude fibre, % 20.97 26.44 27.51 27.91 29.29 29.90 30.81 31.77 31.94 
ADF, % 23.12 31.36 30.91 31.60 33.47 34.86 36.83 38.51 39.37 
NDF, % 39.54 48.69 50.65 51.13 53.35 53.86 54.39 55.64 54.98 
Hemicellulose, % 16.42 17.33 19.74 19.53 19.88 19.00 17.56 17.13 15.61 
Sugars, % 10.06 7.66 7.26 6.28 6.56 5.73 5.01 4.80 4.63 
A fraction of CP, % 7.27 9.14 9.12 8.35 7.74 8.13 9.09 8.95 8.83 
B fraction of CP, % 45.22 42.17 41.18 39.52 38.53 40.12 37.02 34.59 35.48 
RDP1, % of CP 81.54 81.53 80.44 80.09 79.12 78.53 77.75 76.56 75.12 
UP, % of CP 12.71 16.06 18.96 19.79 20.41 20.92 21.62 23.01 24.38 
DOM, %      72.10 70.30 68.90 66.10 62.00 60.10 57.90 55.60 52.70 

1RDP, rumen degradable protein; UP, undigestible protein; DOM, digestible organic matter 
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Introduction Lupine (Lupinus luteus) production for roughage is characterized by high yields of 
dry matter (up to 9 t/ha; Jones et al., 1999). Typically, lupine roughage has low concentrations of 
DM and water-soluble carbohydrates (WSC), and therefore, it must be wilted before ensiling 
(Jones et al., 1999). Voytekhovich (2000) reported that it is also possible to successfully ensile 
lupine Lupinus angustifolius and the silages had better nutritive values than silages prepared 
from white lupine. The effect of partial wilting and the addition of bacterial inoculants on 
fermentation characteristics lupine silages were studied by Jones et al. (1999). They found that 
inoculation significantly increased acidification and decreased protein decomposition, formation 
of ammonia and enhanced preservation of WSC compared to values for the control silage. The 
objective of this experiment was to evaluate the effect of chemical additive application on the 
fermentation process and quality of lupine ensiled under ideal or model conditions. 
 

Materials and Methods In the model experiment, yellow lupine (Lupinus luteus) variety Juno 
was ensiled. The lupine stand was not fertilized during the vegetation period. Whole lupine 
plants with a dry matter content of 187.15 g/kg were cut, wilted for one day and subsequently 
chopped to a particle length approximating 35–50 mm with final DM of 240.4 g/kg. Treatments 
included a control (A) without preservative and two acid preservative mixtures (B and C). The 
chemical preservative was composed of propionic acid, formic acid, benzoic acid, and 
ammonium formiate. It was was applied at a dose of 3 L/t (B) and 6 L/t (C). Each treated forage 
was ensiled in three replications in special 4 L experimental containers. The containers were 
hermetically sealed, and stored at a temperature of 22–25 °C for three months. After ensiling, all 
experimental samples were compared with the untreated control without addition of preservative. 
Content of WSC was determined by using the Luff-Schoorl titration method; pH was measured 
electrometrically. Lactic and acetic acid levels were determined by gas chromatography, and 
NH3 by the microdiffusion method. Rumen degradability of protein was determined by in sacco. 
Results were statistically analyzed using the one-way analysis of variance method and compared 
with the Student t-test using Statgraphic software. 

 
Results and Discussion The chemical composition of the whole ensiled lupine plant differed 
from other leguminous crops. One kilogram of the original biomass dry weight contained 8.2 g 
of crude protein, 221.7 g of crude fibre, 290.4 g ADF, 410.9 g NDF, and 140.5 g of starch. 
Rumen degradability of crude protein was 60.18 %. The content of water-soluble carbohydrates 
was 31.5 g/ kg DM. Dry weight of the whole lupine plant was low and after one day of wilting 
its value increased to 18.72 %, which is within the range stated by Jones et al. (1999). The 
fermentation and quality indices of the control and treated lupine silages are shown in Table 1. 
The results presented in Table 1 demonstrate that an addition of the acid preservative led to a 
highly statistically significant (P<0.01) reduction of ammonia concentration in the silages 
(475.87±10.76, and/or 556.95±11.11 mg NH3/kg of silage), as compared with the untreated 
control silage (696.18±4.99 mg NH3/kg). These findings agree with the results of Jones et al. 
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(1999) on lupine silage treated with a bacterial inoculant. Several other authors have reported 
that silage additive treatment reduced ammonia concentration of silages made from different 
forages. 
 
Conclusions The results of our study confirm previous findings  that treatment with an acid 
preservative improved the nutritive value of the Lupine silage. best nutritive value was found in 
model silages with the supplement of acid mixtures dosed at 6 L/t since they showed not only a 
better content of net energy (NEL) and CP but also a significantly (P<0.01) lower NH3, LA and 
AA content, pH and TA value, a more favourable RDP content and a higher starch content than 
the control silage. The supplement of chemical preservatives had a positive effect on the quality 
of fermentation process of silages. The positive effect on RDP and starch content was higher in 
silages treated with the preservative in level of 6L/t as in untreated silage.  
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Table 1. Effects of chemical additive on the fermentation of lupine silage 
       Treatment A B C 

 Mean± s.e. CV Mean± s.e. CV Mean± s.e CV 
DM (g/kg) 187.99±0.68A 0.89 182.15±2.89B 8.34 188.40±3.04A 9.26 
pH 4.07±0.01C 0.80 3.81±0.02A 0.00 3.90±0.02B 0.00 
 AWE mg 
KOH/100g) 1352.70±12.18B 48.37 1225.28±8.64A 74.66 1215.85±7.92A 62.75 

TA (%) 0.131±0.00c 2.59 0.098±0.00b 2.89 0.069±0.00a 2.41 
LA (g/kg DM) 107.99±15.95B 42.79 128.14±7.58C 57.46 76.57±6.25A 39.07 
AA (g/kg DM) 29.44±0.61b 5.05 25.38±5.04ab 25.37 22.67±4.28a 18.33 
Total acids (g/kg 
DM) 137.42±1.87B 3.33 153.52±12.24C 1.49 99.24±10.47A 1.09 

LA/AA 3.67±0.05A 3.45 5.17±0.74B 0.55 3.44±0.41A 0.17 
Ethanol (g/kg DM) 4.61±0.19A 9.83 14.01±1.46B 2.13 5.13±0.62A 0.38 
NH3 (mg/kg) 
NEL (MJ/kg DM) 
CP (g/kg DM) 
RDP (g/kg DM) 

696.18±4.99C 

5.56 

202.7 

699.1 

1.75 
 
 
 

556.95±11.11B 

5.51 

217.3 

668.2 

1.24 
 
 
 

475.87±10.76A 

5.59 

205.3 

635.2 

1.15 
 
 
 

DM – dry matter; AWE – acidity of water extract; TA – titrable acidity; LA – lactic acid; AA – acetic acid; CV – 
coefficient of variation; a,b,cMeans in the same row with different superscripts differed (P < 0.05); A,B,CMeans in the 
same row with different superscripts differed (P < 0.01). NEL – net energy of lactation; CP – crude protein; RDP – 
rumen degradability of protein 
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Effect of grass silage harvest time and level of concentrate supplementation on feed intake 
and production by dairy goats 
I. Dønnem, Å. T. Randby, M. Eknæs, and T. Garmo 
Department of Animal and Aquacultural Sciences, Norwegian University of Life Sciences, 
Email: ingjerd.donnem@umb.no 
 
Introduction  Dairy goats in Norway are fed indoors for 7-9 months per year, when grass silage 
supplemented with concentrate is the predominant feed. The silage fed has traditionally had low 
digestibility and a high content of fiber, which may depress feed energy intake. Problems with 
milk fat lipolysis (measured as free fatty acids (FFA) in milk) and poor milk flavor, especially in 
mid lactation, were assumed to be due to these energy deficient feed rations. Due to large land 
areas covered by grass, and the cultural value of Norwegian goat farming, it is more interesting 
to improve the energy content of the goats’ diet by earlier harvesting time (HT) of grass silage, 
than to increase the level of concentrate supplement. The objective of this study was to explore 
whether very high quality grass silage could increase feed intake and milk production, and 
supply the goats with enough energy to solve the milk quality problem. 
 
Materials and Methods Timothy-dominated roundbale grass silage was prepared from the 
primary growth at three stages of maturity: very early (HT 1), early (HT 2) and normal (HT 3). 
The digestible organic matter per kg dry matter (DM) (D-value) of the silages was 757, 677 and 
596 g/kg DM at HT 1, 2 and 3, respectively. The silages were fed ad libitum to 18 goats and 
supplemented with 0.6 or 1.2 kg concentrate per day in a cyclic changeover design with four 28-
d periods. The goats were grouped into three blocks according to their initial body condition 
about 1 week after kidding (poor, medium or high). Intake and yield of milk and milk 
components were determined during the last 21 d of each period. The goats were weighed three 
consecutive days in the beginning of week 2 and by the end of week 4 in each period. 
 
Results and Discussion The chemical composition of the silages is presented in Table 1. All the 
silages were of good fermentation quality. Silage dry matter intake (DMI) and intake of net 
energy lactation (NEL) decreased with postponed harvesting time (Table 2). Increased 
concentrate level decreased silage DMI, with substitution rates (decrease in silage DMI when 
concentrate DM intake is increased, kg/kg of 0.39, 0.25 and 0.31 at HT 1, 2 and 3, respectively.  
 
Daily yield of milk, energy-corrected milk (ECM) (Table 2) and milk constituents decreased 
with postponed harvesting time and thus reflected the changes in silage D-value. The highest 
concentrate level stimulated higher yields. There was a greater difference in yield between the 
two concentrate levels at harvesting time 3 than 1, but this interaction was not significant. 
Improving silage quality by earlier harvesting time resulted in higher increase in ECM yield per 
MJ increase in NEL intake (0.14 kg) than obtained by the same increase in NEL intake by 
increased concentrate supplementation (0.11 kg). Milk FFA was not affected by dietary 
treatments. However, goats with initial poor body condition had higher milk FFA concentrations 
than goats in higher initial body condition. This study suggests that good body condition at 
kidding could reduce milk lipolysis in goats’ milk. 
 
Conclusion Very early harvested grass silage, and also the highest concentrate level, notably 
increased energy intake and milk yield, but did not reduce lipolysis in goats’ milk. 
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Table 1. Chemical composition, fermentation quality and feeding value of silage and concentrate                         
 Harvesting time  Concentrate 
 HT 1 HT 2 HT 3  
DM g/kg 236 239 238 881 
Chemical composition (g/kg DM)     

OM 928 931 937 942 
CP 156 125 105 177 
Fat 34.3 30.4 28.7 43.5 
Starch    427 
NDF 433 539 584 181 
ADF 265 335 382  
ADL 46.8 57.3 75.9  
Total acids1 118    98.0   73.5  
Ethanol 14.8 19.3 18.9  

NH3-N g/kg of Total N 64.3 86.5 73.4  
PH 4.19 4.26 4.26  
1Lactic, acetic, propionic and butyric acid 
 
Table 2. Effect of harvesting time and concentrate level on daily feed and nutrient intake, body 
weight gain and milk yield and composition (LS-means) 
Harvesting time HT1 HT2 HT3 Effect (P)1 

Concentrate level 0.6    1.2   0.6    1.2   0.6    1.2   SE HT C HT*C
Silage, kg DM 1.75 1.56 1.45 1.33 1.33 1.17 0.049 <0.001 <0.001 NS 
Concentrate, kg DM 0.53 1.02 0.53 1.01 0.53 1.04 0.018    
Total ration, kg DM 2.28 2.58 1.97 2.34 1.85 2.20 0.053 <0.001 <0.001 NS 
Silage NDF, g 758 672 778 718 773 678 25.2 NS <0.001 NS 
Total NDF, g 855 856 873 899 867 864 25.5 NS NS NS 
Total DM, g/kg BW 36.6 41.2 32.1 37.7 29.9 35.3 0.986 <0.001 <0.001 NS 
Total NDF, g/kg BW 13.7 13.7 14.2 14.4 14.0 13.8 0.425 0.06 NS NS 
NEL, MJ2 16.3 18.5 12.7 15.4 10.7 13.5 0.34 <0.001 <0.001 NS 
Body weight, kg3 63.3 63.5 61.8 63.0 62.7 63.1 1.639 0.06 0.07 NS 
Body weight gain, g 44.4 143 32.6 91.6 25.6 77.4 21.0 NS <0.001 NS 
Milk, kg 3.66 3.93 3.19 3.53 2.86 3.34 0.156 <0.001 <0.001 NS 
ECM4, kg 3.34 3.58 2.95 3.17 2.49 2.92 0.118 <0.001 <0.001 NS 
Fat, g/kg 36.4 36.5 38.7 35.8 34.4 34.3 1.316 0.001 0.09 0.09 
Protein, g/kg 28.4 29.0 28.5 28.8 27.4 28.5 0.416 0.02 0.002 NS 
Lactose, g/kg 44.7 44.8 44.9 45.0 44.5 44.8 0.483 NS NS NS 
Urea, mmol/l 8.54 9.15 8.60 9.00 8.10 9.01 0.197 NS <0.001 NS 
FFA, mmol/l 1.96 2.17 1.99 1.85 1.64 2.34 0.324 NS NS NS 

1Effect of harvesting time (HT), concentrate level (C), interaction (HT*C) (P < 0.05) 
2Net energy lactation 

3Mean of initial and final weight in each period 
4Energy- corrected milk 
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The occurrence of spores of Bacillus and Paenibacillus in silage 
F. Driehuis, J. L. W. Rademaker and M. H. J. Wells-Bennik 
NIZO Food Research, Ede, the Netherlands; Email: frank.driehuis@nizo.nl 
 
Introduction  Spores of Bacillus and Paenibacillus species commonly occur in silages. The 
primary habitat of these so-called aerobic sporeformers is soil. Occurrence of spores of Bacillus 
and Paenibacillus in silage is of concern to dairy producers, for example because the 
concentration of these spores is a limiting factor for the shelf-life of pasteurized milk and milk 
products (Te Giffel et al., 2002). The spore contamination route is partly via soil and partly via 
the cow’s diet. The latter route is the same as that of spores of butyric acid bacteria: excretion in 
the cow’s feces and transmission to milk during milking via dirt attached to the exterior of teats. 
Proliferation of Bacillus and Paenibacillus in silage usually occurs during later stages of aerobic 
deterioration (Lindgren et al., 1985). The objective of this study was to quantify spore 
populations of Bacillus and Paenibacillus in different types of silage, identify the most abundant 
species, and to assess factors that control spore concentrations during ensilage and feeding. 
 
Materials and Methods Samples of more than 900 silages were collected at dairy farms in the 
Netherlands, mainly grass and corn silage but also by-product silages. The silages included both 
opened and unopened silages and sampling was from core, surface layers and areas with visible 
moulds. Samples were analyzed by standard microbiological methods. Bacterial isolates were 
identified by partial sequencing of the 16S ribosomal DNA. 
 
Results and Discussion Concentrations of spores of mesophilic aerobic sporeformers (AS) in 
samples from maize and grass silage varied from 2 to 9 log10 cfu/g. High levels were detected in 
surface layers and areas with visible moulds of opened silages and in grass/maize silage mixtures 
fed to cows. In contrast, relatively low levels were detected in core samples of opened and 
unopened silages (Table 1). The results indicate that high AS spore levels in silage are associated 
with aerobic deterioration. Experiments in which the microflora developing in grass/maize silage 
mixture exposed to air was monitored indicated that increases in AS spore populations followed 
increases in yeast populations, temperature and pH (Figure 1). High levels of AS spores were 
also detected in surface layers of ensiled by-products, such as pressed sugar beet pulp silage and 
wet brewer’s grains silage. The most abundant AS species in silages were Bacillus licheniformis, 
B. pumilus, B. cereus and Paenibacillus pabuli. The latter two species were particularly abundant 
in wet brewer’s grains silage. 
 
Conclusion The results of this study confirm that silage is an important source of AS spores in 
the diet of dairy cows. The spores accumulate in surface layers and moulded areas as result of 
aerobic deterioration problems. Reducing the spore load of silage will probably reduce the 
contamination level of AS spores in milk. To achieve this improvements are required in silage 
management and silage feeding practices at dairy farms. 
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Table 1. Average pH and concentrations of AS spores and yeasts and moulds of unopened 
and opened grass and maize silages and grass/maize silage mixture fed to cows 

Sample type AS spores 
(log10 cfu/g)  Yeasts & molds 

(log10 cfu/g) 

 
pH 

 
Maize silage     

   Unopened, core (n=197) 3.3 (0.0)1  6.0 (0.1) 3.8 (0.0) 
   Opened, core (n=21) 4.5 (0.3)  5.8 (0.4) 3.9 (0.1) 
   Opened, surface layer (n=22) 5.1 (0.4)  7.0 (0.3) 4.2 (0.1) 
   Opened, molded spots (n=14) 7.7 (0.4)  7.8 (0.2) 6.6 (0.3) 

Grass silage     
   Unopened, core (n=460) 4.8 (0.0)  3.8 (0.1) 4.8 (0.0) 
   Opened, core (n=22) 5.1 (0.2)  3.3 (0.2) 4.8 (0.1) 
   Opened, surface layer (n=24) 5.7 (0.3)  4.9 (0.3) 5.3 (0.2) 
   Opened, molded spots (n=16) 8.0 (0.4)  6.8 (0.3) 7.1 (0.3) 

Silage mixture fed (n=166) 6.2 (0.1)  6.4 (0.2) 4.8 (0.1) 
1 SEM between parentheses. 
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Figure 1. Temperature, pH and concentrations of AS spores and yeasts and moulds in a mixture 
of grass and maize silage (3:2) with free access of air, incubated at ambient temperature (average 
daily temperature 11 to 17°C) in a barn for a period of 7 days.  
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The effects of wilting time and dry matter on proteolysis and lipolysis in silage 
T. Eriksson, R. Spörndly, and M. Knicky 
Swedish University of Agricultural Sciences, Dept. of animal Nutrition and Management, 
Kungsängen Research Centre, S-753 23 Uppsala, Sweden; Email:torsten.eriksson@huv.slu.se 
 
Introduction  The wilting phase of the crop will influence the chemical composition of the 
silage. Protein fractions and long chain fatty acids will undergo changes during wilting and 
further ensiling partially by similar mechanisms (Lee et al., 2006). Our experiment was 
performed to separate the effects of wilting time and ensiling dry matter (DM), by arriving at 
certain DM levels at different lengths of wilting. 
 
Material and Methods Pure stands of timothy grass (cv Grindstad) and red clover (cv Vivi) 
were manually cut and subjected to ten different wilting treatments per crop (n=3), including 
watering, shadowing and wide-spreading to estimate the separate effects of wilting time (0-52 h) 
and dry matter content (15-78%). After ensiling without additives in silos with 4.5 L capacity for 
115 d, silages as well as wilted green material was analyzed for N fractions and for the content of 
individual long chain fatty acids (only fatty acid results from wilted material presented in this 
abstract).   
 
Results and Discussion Both wilting time length and DM affected N fractionation and long 
chain fatty acid content in the wilted green material (Table 1). Effects of wilting time were to a 
large extent evened out during ensiling, so that DM was the main determinant of N fractionation 
in the silage, with less soluble N but more NDF-bound N formed with increasing DM (Figure 1). 
The NDF-bound N fraction in red clover was lower than most published values (Broderick et al., 
2007). The reason could be that the crop was not mowed or conditioned in any way before 
wilting, so polyphenol oxidase and substrate interaction may have been limited. The water 
soluble N proportion in the red clover silage declined linearly with a slope of 0.8 with increasing 
DM, consistent with previous results at our laboratory (Slottner, 2004).   
 
Conclusions Ensiling DM is much more important than the wilting time for N degradation 
within the relatively short wilting intervals studied here. Both wilting time length and higher DM 
increase pre-ensiling losses of total LCFA, linoleic and linolenic acids in red clover.    
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Table 1. Effectsa of wilting time (0-52 h) and dry matter content (15-78%) on N fractionation 
and long chain fatty acid (LCFA) content in the wilted green material and the silage after 115 d 
in silo 

 Wilted red clover Red clover silage Wilted timothy Timothy silage

 Time DM Time DM Time DM Time DM 
Soluble N/g kg N † * NS *** NS † NS *** 
NH3-N/g kg N NS † NS * † † † *** 
aa-N/g kg N * * NS ** NS † * *** 
NDF-N/g kg N NS NS NS * NS ** * *** 
LCFA, g/kg DM † †   NS NS   
C18:2cis, g/kg DM ** *   NS †   
C18:3, g/kg DM NS †   NS NS   

a(† = P < 0.10 * = P < 0.05; ** = P < 0.01; *** = P < 0.001) 
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Figure 1. N fractions in silage of red clover and timothy ensiled at ten combinations of DM and 
wilting time per crop (Sol N = Water soluble N, aa-N = a-amino-N). Each marker within a DM 
level represents a certain wilting time and is the mean of three replicates (SE for each mean ≤ 
2 % of tot N). Fitted lines indicate quadratic or linear responses to DM levels. 
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Nutritive value and fermentation profile of sorghum silages with urea after  
two storage periods* 
F.E.P. Fernandes1, R. Garcia1, A.J.V. Pires2, O. G. Pereira1, and C. S. Fernandes1  
1Federal University of Viçosa, Viçosa, MG, Brazil, 2State University of Bahia, Itapetinga, BA, 
Brazil, *Fapemig, Belo Horizonte, MG, Brazil; Email: rgarcia@ufv.br 
 
Introduction  Nutrient additives, such as urea (Woolford, 1984), are important in ensilaging 
process because ammonia liberated by urea hydrolysis can change the fermentation profile and 
may improve the nutritive value of silage. However, the interactions between amount of urea 
added and duration of treatment period is of great importance (Garcia & Pires, 1998). The 
objective of the study was to determine the effects of urea dose and storage period on the 
chemical composition, IVDMD, NH3-N, pH values, and WSC content of the sorghum silages. 
 
Materials and Methods The evaluated factors were urea dose (0; 2.5; 5.0 and 7.5% in dry 
matter, DM) and storage period (30 and 60 days). A 4 x 2 factorial arrangement of treatments 
with four replicates was utilized in the completely randomized design. The PVC silos with 50 cm 
of height and 10 cm of diameter were used for sorghum storage. Silage contents of dry matter 
(DM), crude protein (CP), neutral detergent insoluble protein (NDIP), acid detergent insoluble 
protein (ADIP), neutral detergent fiber (NDF), neutral detergent fiber corrected  for ashes and 
protein (NDFap), acid detergent fiber (ADF), cellulose (CEL), hemicellulose (HEM), lignin, in 
vitro dry matter  digestibility (IVDMD), ammonia nitrogen (NH3-N), pH, and water soluble 
carbohydrates (WSC) were determined. 
 
Results and Discussion The regression equations are in table 1. The addition of ureahad a 
quadratic effect upon DM content. The lowest estimated DM content of silage (21.87%) was 
observed at 5.69% of urea dose added. The urea addition in the ensiling process of sorghum 
increased the CP, NDIP, and IVDMD and reduced silage content of NDF, ADF, CEL and lignin. 
These results represent increasing of the nutritive value of sorghum silages. To the fermentative 
characteristics of the silages, the urea doses had a quadratic effect in the NH3-N contents. The pH 
values of the silages increased linearly. There was an effect of the storage period on the NH3-N 
content and pH value. However, urea addition in the ensiling process of sorghum did not cause 
any significant reduction in the fermentative characteristics of the silages. 
 
Conclusions The addition of urea in the ensiling process of sorghum can reduce fermentation 
losses and increase the nutritive value of the silage. 
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Table 1. Regression equations, coefficients of variation (CV) and coefficients of determination 
(r2) for variables DM, CP, NDIP, ADIP, NDF, NDFap, ADF, CEL, HEM, lignin, IVDMD, NH3-
N, and WSC as a function of urea dose (D) added to sorghum ensilage and for pH as a function 
of urea dose after 30 (pH/P30) or 60 days (pH/P60) of ensiling 
 

Item Regression equation CV (%) R2 

DM Y = 23,2699 – 0,492456*D + 0,0433056*D2 3.21 0.90 

CP Y = 7,86976 + 3,18884*D 6.52 0.99 

NDIP Y = 1,53857 + 0,0428068*D 13.09 0.97 

ADIP Y = 0,92 21.12 . . . 

NDF Y = 64,6873 – 0,657308*D 1.47 0.87 

NDFap Y = 63,6813 – 0,641168*D 1.60 0.87 

ADF Y = 39,3624 – 0,56018*D 2.81 0.88 

CEL Y = 35,1393 – 0,466228*D 3.01 0.88 

HEM Y = 24,99 3.18 . . . 

LIGNIN Y = 4,22289 – 0,0939172*D 10.45 0.80 

IVDMD Y = 64,7755 + 1,244672*D 1.93 0.93 

NH3-N Y = 12,4642 + 5,7208*D – 0,6789392*D2 8.99 0.77 

pH/P30d Y = 3,7365 + 0,0840*D 0.34 0.87 

pH/P60d Y = 3,7745 + 0,07075*D 0.34 0.86 

WSC Y = 0,25 56.18 . . . 
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Some factors affecting on nutritive value of whole plant corn silage 
H.M.A. Gaafar 
Animal Production Research Institute, Agricultural Research Center, Dokki, Egypt;  
Email: gaafar356@hotmail.com 
 

Introduction  In Egypt, the total planted area of corn crop was about 1 million feddans (420,000 
ha), but only about 250 thousand feddan are used for silage (National Campaign of Corn Crop 
Rising, 2007). Whole plant corn silage is a popular forage source for ruminants due to its high 
yielding properties, energy content, relatively high palatability and ease of incorporation into 
TMR (Cherney et al., 2004). The present investigation was undertaken to study some factors 
affecting yield, fermentation characteristics, chemical composition, nutrient digestibility, 
nutritive value and nutrient yields of whole corn plant silage. 
 

Materials and Methods Nine corn hybrids were cultivated at 20, 25 and 30 thousand 
plants/feddan (48, 60 and 71 thousand plants /ha), during summer and Nili seasons, and then 
harvested at milk, dough or hard stages of maturity. Corn hybrids were chopped and ensiled for 
eight weeks. Silage quality was determined and digestibility trails were conducted to determine 
nutrient digestibility and nutritive values using Barky rams. Samples of silages and feces were 
chemically analyzed according to the methods of AOAC (1990). Data were statistically analyzed 
using SPSS for Windows (2004). 
 

Results and Discussion The contents of DM, OM and NFE of silage were significantly higher 
(P < 0.05), while CP, CF, EE and ash contents were significantly lower (P < 0.05), for corn 
silage grown during summer compared with Nili and for silage with advancing stage of maturity; 
however, the opposite trend was observed with increasing plant density (Table 1). Lactic acid 
concentration of was higher for white hybrids cultivated in Nili season; lactic acid decreased 
with advancing maturity and increasing plant density, while pH value and NH3-N concentration 
showed the opposite trend (P < 0.05). Results are in accordance with the findings of Wang et al. 
(2005). The DM intake, digestibilities of DM. OM and NFE, TDN value and TDN and DCP 
yield were higher, but CP, CF and EE digestibilities and DCP values were lower, for summer 
crop silage compared with Nili crop silage. The same trends occurred  with advancing stage of 
maturity, but opposite trends were found with increasing plant density (Table 2). These results 
are similar to those obtained by Arriola et al. (2005). The yield of silage TDN and DCP and the 
percentage of grain were higher, but stover percentage was lower, for summer than for Nili crop 
(P>0.05). Dough stage showed the highest yield of silage, TDN and DCP and increased 
significantly (P < 0.05) with increasing plant density. The percentage of grain increased 
significantly (P < 0.05) and stover percentage decreased significantly (P < 0.05), with advancing 
stage of maturity and increasing plant density. These results are in accordance with those 
obtained by Armstrong and Albrecht (2008). 
 

Conclusion The results indicate that cultivating yellow corn hybrids are preferred for making 
silage. This will also save white grain for human consumption. Corn should be planted in the 
summer season with plant density of about 30 thousand plants per feddan and harvested at the 
dough stage of maturity. 
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Table 1. Chemical composition and quality characteristics (% of DM) of whole plant corn silage 
Type of hybrids Cultivation season Stage of maturity Plant density (1000/fed.) Item White Yellow Summer Nili Milk Dough Hard 20 25 30 

DM % 25.92b 32.63a 32.78a 22.37b 20.62c 28.38b 39.02a 31.00a 28.16b 25.30c 
Composition of DM % 
OM 94.40 94.34 95.10a 93.49b 93.10c 94.79b 95.48a 95.10a 94.43ab 93.52b 
CP 8.32 7.93 7.78b 8.71a 8.77a 8.10b 7.50c 8.03b 8.14a 8.23a 
CF 24.02 23.75 22.39b 25.86a 26.44a 23.16b 21.71b 22.01b 24.06ab 25.54a 
EE 3.14 2.88 2.79b 3.39a 3.52a 2.96b 2.54c 2.86b 3.08ab 3.19a 
NFE 58.92 59.78 62.14a 55.53b 54.38c 60.56b 63.72a 62.20a 59.16ab 56.56b 
Ash 5.60 5.66 4.90b 6.51a 6.90a 5.21b 4.52c 4.90b 5.56ab 6.48a 
pH 3.74b 4.11a 3.92a 3.79b 3.79b 3.79b 4.11a 3.78b 3.92ab 4.03a 
NH3-N  0.072 0.071 0.052b 0.098a 0.079b 0.058c 0.046c 0.053b 0.071ab 0.088a 
Lactic 5.00a 3.63b 4.39b 4.67a 6.65a 5.48b 4.15c 4.70a 4.46b 4.20c 
a,b,cMeans for each item the same row with different superscripts differ significantly (P < 0.05). Fed. = 0.42 ha. 

Table 2. Dry matter intake (kg/day), nutrients digestibility coefficients and nutritive values 
Type of hybrids Cultivation season Stage of maturity Plant density (1000/fed.) Item White Yellow Summer Nili Milk Dough Hard 20 25 30 

DM intake 1.20 1.26 1.32a 1.09b 1.05c 1.25b 1.39a 1.29a 1.21ab 1.16b 
Digestibility coefficient % 
DM 65.88 66.65 68.24a 63.50b 64.21b 66.06b 69.17a 66.59a 65.43ab 64.93b 
OM 68.54 68.68 66.61a 63.50b 67.48b 68.49b 70.42a 68.64a 68.15ab 67.75b 
CP 64.40 63.53 64.13b 68.59a 68.83a 66.66b 60.93c 64.73b 65.85ab 66.95a 
CF 62.10 61.57 61.27b 67.24a 69.31a 63.09b 57.51c 63.02b 64.29ab 65.42a 
EE 75.90 73.69 73.08b 77.77a 79.77a 74.10b 70.37c 72.75b 75.17ab 77.55a 
NFE 69.31 70.93 73.87a 64.83b 65.03c 70.49b 75.81a 71.90a 69.70ab 67.69b 
Nutritive values % 
TDN  66.47 67.52 69.29a 65.41b 66.13b 67.68ab 69.48a 68.47a 67.28ab 66.07b 
DCP  5.36 5.06 4.99b 5.97a 6.03a 5.40b 4.57c 5.20b 5.36ab 5.51a 
a,b,cMeans for each item the same row with different superscripts differ significantly (P < 0.05). Fed. = 0.42 ha. 

Table 3. Yield of silage, content of plant parts and nutrient yield per feddan (fed. = 0.42 ha) 
Type of hybrids Cultivation season Stage of maturity Plant density (1000/fed.) Item White Yellow Summer Nili Milk Dough Hard 20 25 30 

Silage ton 5.36 4.93 6.00a 4.24b 4.16c 6.01a 5.23b 4.77c 5.15b 5.62a 
Grain % 30.21  32.44 34.70a 24.61b 24.73c 31.00b 36.88a 34.40a 30.43b 26.71c 
Stover % 60.60  58.35 56.06b 65.95a 66.28a 59.54b 53.57c 55.20c 60.33b 64.94a 
TDN ton 3.56 3.34 4.16a 2.78b 2.75c 4.07a 3.63b 3.27b 3.52ab 3.73a 
DCP kg 287.30 247.01 301.42a 253.55b 250.94b 322.48a 239.29b 248.04b 280.33ab 310.76a 
a,b,cMeans for each item the same row with different superscripts differ significantly (P < 0.05). 
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Status of some minerals in Friesian calves fed different levels of concentrate feed mixtures 
and corn silage  
H.M.A. Gaafar 
Animal Production Research Institute, Agricultural Research Center, Dokki, Egypt; 
Gaafar356@hotmail.com 
 
Introduction  Corn silage alone is not a balanced diet for minerals, such as calcium, 
phosphorus, common salt, zinc, manganese and cobalt (Perry and Cecava, 1995). Tissues used to 
evaluate the status of specific minerals include liver, blood, bone, milk, hair and saliva (McDowell 
et al., 1986). The objective of this study was to investigate the effect of feeding different levels of 
concentrate feed mixture (CFM) and corn silage (CS) on some mineral balances and concentrations 
in hair, blood plasma and body tissues of growing Friesian calves. 
 
Materials and Methods Thirty male Friesian calves aged 8±0.2 months and weighting 
176.7±3.7 kg were divided into 5 similar groups and fed individually according to NRC (1996). 
Diet R1 was 65% CFM, 15% berseem hay (BH) and 20% rice straw (RS) (control), R2 75% 
CFM and 25% CS, R3 50% CFM and 50% CS, R4 25% CFM and 75% CS, and R5 100% CS. 
Five metabolism trials were conducted to determine mineral balance and hair and blood samples 
were taken from each calf. At the end of the experiment, 3 calves from each group were 
slaughtered and samples of liver and kidneys were taken. The samples were prepared according 
to the methods of AOAC (1990) and analyzed for minerals by Atomic Absorption 
Spectrophotometer (Perkin Elmer 2380). The data were statistically analyzed using SPSS for 
Windows (2004). 
 
Results and Discussion The contents of all minerals in rations and their concentrations in hair, 
plasma, liver and kidneys increased significantly (P<0.05) with increasing CFM and decreasing 
CS in the rations (Tables 1, 2 and 3). Contents of Zn content in R4 and Ca, P, Na, Zn and Mn in 
R5 were below the requirements of growing calves (NRC 1996). Moreover, calves fed R4 had 
negative Zn balance and those fed R5 showed a negative balance of Ca, P, Na, Zn and Mn. 
Concentrations of Zn for calves fed R4 and Ca, P, Na, Zn and Mn in hair, plasma, liver and 
kidneys of calves fed R5 were lower than the critical levels. Similar results obtained by Anke et 
al. (1981), Kolb et al. (2001) and Arthington and Pate (2002).  
 
Conclusion It could be concluded that feeding growing Friesian calves on CS alone did not meet 
the requirements for Ca, P, Na, Zn and Mn. Introducing CFM to the diet at the level of 50% with 
50% CS, was sufficient to correct mineral deficiencies detected in corn silage as well as to supply 
the mineral requirements of growing calves. 
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Table 1. Minerals contents  and balance 
item Ca P Mg Na K Cu Zn Mn Fe 
Mineral content                        %                                                                ppm 
CFM 0.94 0.76 0.48 0.73 1.27 13.62 50.25 67.61 138.28 
CS  0.29 0.18 0.21 0.02 1.18 10.20 23.50 17.70 115.00 
FB 1.23 0.32 0.27 0.08 2.10 10.65 24.70 37.40 228.35 
BH 1.15 0.35 0.25 0.10 1.95 10.15 21.50 35.60 215.20 
RS 0.12 0.07 0.20 0.14 0.65 4.30 45.00 41.00 99.00 

Mineral balance                      g/day                                                           mg/day  
R1 18.56a 11.84a 8.40a 11.85a 30.11a 26.58a 78.65a 108.61a 315.59a 
R2 14.77b 10.76b 7.30b 10.82b 25.11b 24.15a 56.92b 78.83b 243.95b 
R3 9.96c 6.77c 6.00c 7.17c 24.05b 22.79b 28.96c 39.06c 225.28c 
R4 2.59d 1.37d 3.42d 1.76d 17.47c 15.65c -75.45d 6.25d 155.25d 
R5 -4.33e -2.86e 1.26e -0.93e 9.06e 7.58d -62.01e -30.31e 76.55e 

a-e Means in the same column for each  item with different superscripts differ significantly (P<0.05). 
 
Table 2. Minerals concentrations in hair and blood plasma 

Item Ca P Mg Na K Cu Zn Mn Fe 
Hair                                                              ppm (on DM basis) 

R1 2325.45a 278.60a  950.75a  735.40a 2730.95a 9.20a 134.70a 13.46a 105.50a 
R2 2250.65b 282.54a 941.70a 746.30a 2705.40b 8.95ab  125.55ab 13.12ab 99.75ab 
R3 2185.56c 258.85b 905.46b 695.84b 2675.60c 8.82bc 116.25bc 12.70b 94.35bc 
R4 2115.83d 205.25c 865.65c 655.35c 2650.75d 8.45cd 105.60cd 9.90c 81.78cd 
R5 1930.82e 170.55d 855.50d 575.30d 2690.62e 8.25d 106.83d 8.26d 72.15d 

Blood plasma                           mg/dl                                                            ug/dl 
R1 11.95a 5.85a 2.97a 380.35a 32.60a 105.60a 118.17a 4.15a 165.34a 
R2 11.65ab 6.15a 2.92a 375.38a 30.45ab 102.15a 112.65ab 3.92ab 154.50ab 
R3 11.29bc 5.45b 2.64b 367.20b 28.35b 93.70b 107.83bc 3.64bc 143.80bc 
R4 10.43cd 5.05c 2.30c 332.50c 22.85c 89.80b 92.50c 3.17cd 132.15cd 
R5 9.12d 4.77d 2.19d 310.36d 20.93d 81.18d 75.76d 2.62d 113.26d 

a-e Means in the same column for each item with different superscripts differ significantly (P<0.05). 
 
Table 3. Minerals concentrations in body tissues (ppm on DM basis) 

Item  Ca P Mg Na K Cu Zn Mn Fe 
Liver  

R1 464.67a 2078.50a 768.75a 3452.50a 9930.40a 33.35a 162.17a 7.42a 428.30a 
R2 423.32b 2113.40a 710.80b 3344.50b 9410.25c 30.65ab 146.45b 7.12b 403.85b 
R3 385.83c 1943.30b 670.50c 3285.86c 9671.65b 28.80bc 125.84c 6.85c 375.65c 
R4 348.60d 1861.67c 624.00d 3129.17d 9290.15d 26.50c 110.50d 6.43d 338.10d 
R5 265.75e 1675.48d 456.25e 2785.36e 8645.65e 22.15d 85.26e 5.25e 287.64e 

Kidneys 
R1 276.33a 1250.00a 618.83ab 6953.50a 6965.00a 9.87c 58.62a 4.54a 204.80a 
R2 247.20b 1185.60a 570.75cb 6882.30b 6598.30c 8.28a 49.57b 4.30b 185.66b 
R3 224.17c 1131.67b 523.67c 6812.40c 6736.55b 7.57b 42.92c 4.05c 153.33c 
R4 206.50d 1071.65c 483.80d 6750.25d 6251.65d 6.45d 35.13d 3.82d 132.10d 
R5 193.76e 953.34e 359.47e 6275.62e 5835.42e 5.35e 25.84e 2.93e 115.75e 

a-e Means in the same column for each item with different superscripts differ significantly (P<0.05). 
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Chemical composition and effluent production of elephant grass silages with coffee hulls 

 R. Garcia, D.J.D. Faria, O. G. Pereira, and D. M. Fonseca 

 Federal University of Viçosa, Viçosa, 36571-000, MG, Brazil; Email: rgarcia@ufv.br 
 
Introduction Elephant grass is one of the most common forages used for silage making. 
However, high effluent production is probable due to the high moisture content of the grass. The 
objective of this study was to evaluate the chemical composition, fermentative characteristics, 
and production of effluent of the elephant grass ensiled with whole or ground coffee hulls. 
 
Materials and Methods Two experiments were conducted. In the first the chemical composition, 
fermentative characteristics, and IVDMD were analyzed in a 2x5 factorial arrangement (whole 
or ground hulls and levels of inclusion of coffee hulls (0.0, 6.0, 12.0, 18.0, and 24.0% on a fresh 
basis) distributed in a completely randomized design with three replications. The whole-plant 
forage was harvested at 1.8 m plant height, 12.7% DM, and 70 days of growth. Cylinder plastic 
silos measuring 0.75 m by 0.25 m were used. In each silo was ensiled a mixture of 10 kg (forage 
and coffee hulls) submitted to a compaction to reach a density of 550 kg/m3. The silos were 
opened at 90 days post-ensiling.  In the second experiment, the production and composition of 
the effluent were analyzed in a 2x5 factorial arrangement (processing - whole or ground hulls; 
and levels of inclusion), distributed in a completely randomized design with 3 replications. 
Coffee hulls are a residue of the industrial coffee process. Ground hulls (3 mm size) were 
obtained by grinding of the whole hulls. For the analysis of effluent samples were taken in the 
first 7 days of collecting and inclusions of coffee hulls at 0.0, 6.0, 12.0 and 18.0%. 
 
Results and Discussion Processing and addition of coffee hulls increased DM content of the 
silages, with the whole coffee hulls (WCH) showing a higher DM than ground coffee hulls 
(GCH). Processing and inclusions of coffee hulls did not influence crude protein content of the 
silages. Linear effect of inclusions of hulls was observed for decreasing NDF and increasing 
ADF contents. Only ADF was influenced by processing and by interaction of processing and 
levels of coffee hulls included. Lignin increased in the silage with inclusions and type of coffee 
hulls. Generally, coffee hulls resulted in high lignin content. Coffee hulls were efficient in 
decreasing of silage moisture content. The inclusion of hulls also improved the fermentative 
characteristics of the silage, resulting in adequate pH and reducing NH3-N. There was an 
interaction for processing and levels of inclusion of coffee hulls on silage pH. A lower pH was 
observed for ground hulls at the lowest inclusion of coffee hulls, and a lower pH for the whole 
coffee hulls at the highest inclusion. A quadratic effect was observed for IVDMD as a function 
of the level of coffee hulls included. The IVDMD of the silage was lower for ground hulls 
compared to whole coffee hulls. The effluent flux of the silage according to days of collection is 
shown in Figure 1. Only in the first week did the treatments 0.0, 6.0 and 12.0% of whole and 
ground hulls and 18.0% of whole hulls produce effluent. The highest production occurred during 
the first day of collecting. The total effluent productions were 243.1 l/ton (without coffee hulls); 
196.8, 93.2, 30.8, 3.1 l/ton for 6.0, 12.0, 18.0, 24.0% whole coffee hulls, respectively; and 149.1, 
52.3, 30.8, 0.0 l/ton for 6.0, 12.0, 18.0, 24.0% ground coffee hulls, respectively. The inclusion of 
ground hulls at 6.0 and 12.0% was more effective than whole hulls in reducing the effluent 
production. Inclusions of 18.0 and 24.0% whole coffee hulls showed the same efficiency as 
ground hulls on the reduction of effluent production. The effluent composition was influenced by 
levels of coffee hulls inclusion. Results showed that total solid, total nitrogen, P, Mg, and 
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chemical and biochemical oxygen demands in the effluent was increased by the addition of 
whole or ground coffee hulls. 
 
Conclusions Coffee hulls are an efficient absorbent of moisture in the ensiling process of grasses. 
The utilization of whole coffee hulls at 18.0 and 24.0% (fresh basis) can be recommended to 
improve silage quality when elephant grass is ensiled with high moisture content. 
 
Acknowledgement Research supported by FAPEMIG, MG, Brazil. 
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Production, effluent composition and nutritive value of elephant grass ensiled  
with coffee hulls* 
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Introduction  Coffee hulls, a residue of the coffee grain process, have high dry matter (DM) 
content plus a high water-holding capacity; thus, their addition to low DM silage may reduce 
effluent losses. The objective of the study was to evaluate the effects of adding ground coffee 
hulls during the ensiling process on the production of effluent and the quality of elephant grass 
silage. 
 
Materials and Methods Two experiments were conducted to evaluate the production and the 
composition of effluent and the nutritive value of elephant grass silages. In the first experiment, 
with five levels (0, 10.0, 20.0 30.0, and 40.0%, as-is basis) of ground (2 mm particle size) coffee 
hulls were added to chopped elephant grass and immediately ensiled in twenty cylindrical plastic 
silos measuring 0.25 m diameter x 0.75 m height in a completely randomized design. For each 
silo, 10 kg of a mixture “chopped elephant grass + ground coffee hulls” were ensiled with 
compaction to reach 550 kg/m3. After 250 days of storage all silos were opened and silage of 
each treatment was sampled. DM, NDF, ADF, lignin, cellulose, IVDMD and ADIN were 
determined according to Silva and Queiroz (2002), and pH and NH3-N according to Bolsen et al 
(1992). The second experiment evaluated the intake and the apparent digestibility of nutrients of 
elephant grass silage with four levels (0, 10.0, 20.0, and 30.0 %, as-is basis) of ground (2mm 
particle size) coffee hulls in sixteen crossbred castrated sheep, with 48.5 kg average live weight. 
Elephant grass was ensiled in 20 plastic bags measuring 0.80 x 1.20 m. For each silo, 80 kg of a 
mixture “chopped elephant grass + coffee hulls, were ensiled with a compaction to reach 550 
kg/m3. After 250 days of storage, all silos were opened and silage of each treatment was sampled. 
Sixteen sheep received diets including soybean meal (7.5% on dry basis), but for the control 
treatment (without coffee hulls) 1% of urea, on a dry basis, was added in the diet. Data were 
analyzed by analysis of variance and regression analysis. 
 
Results and Discussion Coffee hulls were effective for decreasing silage moisture content. It 
was estimated that silage DM content was increased 0.69% for each unit of coffee hulls added. 
The pH values were reduced linearly with the addition of coffee hulls (Table 1). Adding coffee 
hulls affected the crude protein content, which showed a quadratic effect, reaching an estimated 
maximum content of 10% when 26.3% of coffee hulls were added. The inclusion of coffee hulls 
reduced NH3-N and NDF and increased INAD and lignin contents. The ADF and cellulose 
contents were not affected. The IVDMD was reduced an estimated 0.24% for each unit of coffee 
hulls added. Effluent production during 21 days was reduced from 123.5 L/t (0.0% coffee hulls) 
to 26.7 L/t (10.0% coffee hulls). Dry matter, P, Na and K contents in the effluent did not change 
with the number of days of collection, although the Mg decreased and total nitrogen increased. 
The values of biological and chemical oxygen demand were not affected and gave estimated 
values of 20,552 and 38,344 mg/L, respectively. In the second experiment, using sixteen sheep, 
DM intake was influenced by coffee hulls addition which showed a quadratic effect, reaching an 
estimated maximum intake of 991.5 g/day (2.04% of live weight) with 7.2% of added coffee 
hulls. The intake of OM, CP, TC, NDF and total digestible nutrients in g/day, also showed a 
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quadratic effect, reaching estimated maximum intakes of 907.0, 118.2, 773.5, 727.7 and 591.0 
g/day at, respectively, 7.2, 5.6, 6.2, 4.77 and 2.9% of added coffee hulls (Table 2). 
 
Conclusions The addition of coffee hulls when ensiling elephant grass with 12% DM improved 
the fermentative characteristics of the silage, decreasing pH values and NH3-N contents. The 
utilization of 10% (natural matter base) of coffee hulls can be recommended with the objective 
of decreasing effluent production and improving silage quality. 
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Dried, ground forage as a substrate for testing silage inoculants in vitro 
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Introduction  Microbial inoculants can improve nutritional quality of silage and animal 
performance (Kung and Muck, 1997). Synergistic effects between inoculant strains require 
substantial testing within a silage environment that often is limited seasonally by the availability 
of fresh forage. One solution is to use forage grown in a greenhouse (Dennis et. al., 1999). 
Another option used previously to determine the osmotolerance of microbial silage inoculants is 
to reconstitute and ensile dried, ground forage (Harman et. al., 2002). The objective of this study 
was to examine the relative quality and NDF digestibility of silages produced from fresh whole 
plant corn forage versus that same forage that had been dried, ground, and re-hydrated prior to 
fermentation. 
 
Methods and Materials Five experiments were conducted during the fall of 2008 using 4 
different corn hybrids. Whole corn plants were harvested using a John Deere 3950 forage 
chopper. Plants were harvested at about 35% dry matter with a chop length of 10 to 13mm. 
Subsamples (~150g) of each fresh forage were inoculated with Pioneer® brand 11CFT and 
ensiled in 12 vacuum sealed packets. An additional 5 kg subsample of each fresh forage was 
placed in crisper bags and dried for 48 hr in a 60C forced air oven. This dried forage was ground 
through a Wiley mill with a 6 mm screen, rehydrated for 24 hours in a cold room to a dry matter 
content of 35%, and treated with Pioneer® brand 11CFT. Subsamples of each re-hydrated forage 
(~150g) were ensiled in 12 vacuum sealed packets. Packets were incubated at approximately 23 
C for 28 days. Packets were opened, dried, and analyzed for composition, volatile fatty acids and 
in vitro digestibility. 
 
Results and Discussion Silages prepared from both the fresh and the dried, ground forages were 
well preserved with pH values below 3.9 after 28 days of fermentation. Some components were 
altered by fermentation and several differences were detected between silages prepared from 
dried versus fresh forage (Table 1). Higher ash, fiber, and fatty acid concentrations (2.7 vs 1.4% 
acetate; 0.19 vs 0.01% propionate; 2.08 vs 1.13% ethanol) plus the lower sugar content of silage 
prepared from dried forage indicate that its fermentation was more extensive than with fresh 
forage. Differences in composition and digestibility from the material ensiled were used to 
appraise whether fermentation changes were similar for dried as for fresh forage. The direction 
and significance of responses in composition to the fermentation process generally were similar 
for dried and fresh forage when the difference between unfermented and fermented samples was 
significant (Table 2). These included concentrations of soluble N (percentage of protein), sugar, 
fat, and ADF-bound N. Conversely, when components were not altered by fermentation, 
differences between silages prepared from fresh versus dried forage were not significant. One 
exception was ADF that was reduced by fermentation of dried but not by fermentation of fresh 
forage. Reflecting the relative magnitude of response to fermentation of fresh and dried forage, 
correlations tended to be moderate (r > 0.5) for all factors where significant responses to 
fermentation were noted except for soluble N. This may reflect some alteration of plant proteins 
by the drying process.  
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Conclusions Dried, ground inoculated forage appears suitable as a substitute for fresh forage for 
examining directional changes in composition during fermentation even though extent of 
fermentation is greater with dried, ground forage than for fresh forage. Further study is needed to 
test digestibility (in vitro and in situ) responses with various durations of fermentation to assure 
that dried and fresh forage react in a similar fashion. 
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Table 1. Initial and final silage compositions prepared from fresh and dried whole corn 
plant forage 
   Sample ADFCP  SolN Fat Sugar NDF ADF  Lignin Ash   NDFD48 
Initial 0.58 25.53 2.74 11.08 39.54 23.98 3.68 4.02 61.39 
Dried 0.50 42.92 2.99 2.65 39.23 26.27 3.45 4.61 56.79 
Fresh 0.42 44.43 3.13 4.49 38.14 24.19 3.36 3.80 63.41 

  Effect (P =)     
 
             

Fermentation 0.01 0.01 0.01 0.01 0.28 0.07 0.04 0.50 0.54 
Form 0.05 0.90 0.18 0.01 0.24 0.02 0.51 0.03 0.02 

 
Table 2. Composition and digestibility responses of fresh and of dried whole plant forage to the 
fermentation process  

Measurement 
Unfermented 
vs fermented 

Response 
with Fresh 

Response 
with Dried 

Correlation of Dried 
with Fresh response 

Protein P = 0.22 P = 0.13 P = 0.56 r = -0.23 
Soluble N P = 0.01 P = 0.01 P = 0.01 r = 0.14 
Starch P = 0.10 P = 0.13 P = 0.16 r = 0.26 
Sugars P = 0.01 P = 0.01 P = 0.01 r = 0.89 
NFC P = 0.11 P = 0.41 P = 0.50 r = 0.11 
Fat P = 0.01 P = 0.01 P = 0.03 r = 0.57 
Ash P = 0.50 P = 0.50 P = 0.09 r = 0.64 
NDF P = 0.28 P = 0.14 P = 0.72 r = 0.05 
ADF P = 0.07 P = 0.77 P = 0.01 r = -0.28 
ADFCP P = 0.01 P = 0.01 P = 0.02 r = 0.64 
NDFD48 P = 0.54 P = 0.41 P = 0.09 r = 0.18 
Lignin P = 0.04 P = 0.50 P = 0.09 r = -0.12 
IVTDMD P = 0.82 P = 0.24 P = 0.13 r = -0.28 
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Persistence of a silage lactobacillus within the ruminant digestive tract 
E. K. Harman, K. J. Forrester, B. K. Smiley, E. C. Jansen, B. R. Harman, and W. M. 
Rutherford 
Forage Additive Research, Pioneer Hi-Bred International Inc., A DuPont Company, 7300 NW 
62nd Ave., Johnston, IA 50131-1004, U.S.A.; Email: beth.harman@pioneer.com 
 
Introduction  Silage is preserved by acids produced by microbes. To ensure that fermentation is 
adequate and consistent, forage crops often are inoculated with lactic acid-producing bacteria 
that increase either the extent or the efficiency of conversion of sugars to lactic acid. Thereby, 
silage inoculation may not only improve fermentation to reduce loss during storage, but may also 
increase the availability of silage nutrients for digestion by ruminants. In addition, silage 
inoculants might have “probiotic” effects by colonizing within the digestive tract (Weinberg et 
al., 2004). In order for a silage inoculant to have a direct effect on ruminal digestion, the 
inoculant must survive the conditions of the rumen and its population should likely increase with 
colonization. Certain organisms used as silage inoculants can survive in rumen fluid in vitro 
(Weinberg et al., 2003, 2004).  
 
In a preliminary study, rumen and fecal samples were collected from two fistulated steers 
maintained on an alfalfa silage diet containing Lactobacillus buchneri PTA-6138. When being 
fed, this organism could be recovered from rumen fluid in vivo. However, two weeks after the 
feeding of the PTA-6138 inoculated diets ceased; the organism no longer could be detected in 
either ruminal contents or fecal material. This indicated that detection of the organism could 
simply reflect recovery of the bacteria being consumed.  Absence of the organism from feces 
after withdrawal from the diet indicated than any colonization was not persistent. The following 
studies were conducted to evaluate the persistence of a ferulate esterase-producing silage 
inoculant organism, Lactobacillus buchneri PTA-6138, in the digestive tract of cattle and sheep 
and to quantify fecal excretion relative to intake of this organism.  
 
Methods and Materials Two trials were conducted to evaluate the survival and persistence of 
Lactobacillus buchneri PTA-6138 in the digestive tract of cattle and lambs. The first study was 
conducted with two beef steers (510 kg) fed a diet containing PTA-6138-free high moisture corn 
(HMC).  Diet dry matter consisted of 75% HMC, 20% alfalfa silage and 5% supplement. Daily 
DM intake was 9 kg. The steers were orally bolused on day 0 with a total of 1010 cfu 
Lactobacillus buchneri PTA-6138. This dosage is equivalent to daily consumption of 22 kg wet 
silage containing PTA-6138 at 1x106 cfu/gm.  Feces were sampled for the next 14 days for 
presence of PTA-6138. 
 
In the second experiment, 12 lambs (32.9 kg) in digestion trials were fed diets consisting of 
100% alfalfa silage that had been inoculated or not inoculated with PTA-6138. PTA-6138 
concentrations in feed and fecal samples were monitored during the 11 day feeding period. After 
the inoculated alfalfa silage had been fed for 11 days, lambs were fed the untreated alfalfa silage 
and fecal samples continued to be monitored for an additional 7 days. Daily intakes and 
excretions of PTA-6138 were measured. 
 
The enumeration of Lactobacillus buchneri PTA-6138 was performed on modified MRS agar 
(Difco) (Hill and Hill, 1986) with anaerobic incubation for 3 days at 37C. In addition, samples 
were plated on an MRS agar with ethyl ferulate (MRS-EF) as a substitute for glucose (Donaghy 
et al., 1998). The MRS-EF plates were incubated anaerobically for 7 days at 37C. Selected 
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colonies with morphological properties of PTA-6138 were verified by gel electrophoresis of 
EcoRI-digested total DNA (Chan et al., 2003).  
 
Results and Discussion In both studies, fecal concentrations of Lactobacillus buchneri PTA-
6138 decreased to zero after PTA-6138 was withdrawn from the diets. In the steer study, PTA-
6138 was detected in the fecal samples 72 hours after a single bolus administration. The 
organism was no longer detectable in feces 7 days after administration. In the lamb study (Figure 
1), daily fecal excretion of PTA-6138 averaged 27.8% (less than 1 log difference) of intake of 
PTA-6138.  After day 11, lambs were fed the uninoculated alfalfa silage, but fecal concentrations 
continued to be monitored for 7 additional days.  When inoculated silage was removed from the 
diet, fecal output of PTA-6138 dropped below our detection limit (<102 cfu/g) within 6 days.  
 
Conclusion Even though PTA-6138 can survive the digestion process, failure of fecal output to 
exceed intake indicates that this organism did not multiply or persist within the digestive tract of 
sheep or steers.  Lack of recovery after removal from the diet suggests a lack of long-term 
microbial colonization or persistence in the animal. Even if viable, if a microbe is not growing 
and multiplying within the digestive tract, its effects on digestion should be minimal. 
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Figure 1. Microbial counts over time of PTA-6138 in sheep fed inoculated alfalfa silage. 
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Effects of corn plant fermentation on composition and digestibility 
E. K. Harman, B. R. Harman, L. J. Nuzback, W. M,. Rutherford, and F. N. Owens 
Forage Additive Research, Pioneer Hi-Bred International Inc., A DuPont Company, 7300 NW 
62nd Ave., Johnston, IA 50131-1004, USA, Email: fred.owens@pioneer.com 
 
Introduction  During the process of fermentation, organic acids accumulate and pH declines. In 
addition, some studies have indicated that digestibility of NDF and starch is greater for 
fermented than unfermented corn plants (Newbold et al., 2006) and digestibility of both may 
increase during storage (Hallada et al., 2008). With the exception of comparisons from Cherney 
et al. (2007), effects of the fermentation process on nutrient composition have received little 
attention. For pricing and for hybrid comparisons, chopped corn plants rather than fermented 
silages are analyzed based on the assumption that nutrient composition and digestibility 
measurements will be similar for fermented and unfermented samples. Presence of dense grain 
with large forage particles complicates representative sampling of corn silage. Also, some silage 
producers prefer to assay samples taken before rather than after ensiling to more easily obtain 
representative samples and to avoid hazards involved with sampling fermented silage. The 
objective of this study was to determine the impact of a 60-day period of fermentation on 
nutrient content and in vitro digestibility of ensiled whole corn plants.  
 
Materials and Methods Whole corn plants from 29 sites in 10 states in the upper Midwest and 
Southwest portions of the United stated were harvested and packed in vacuum sealed, evacuated 
plastic pouches. Once packaged, samples were immediately frozen or allowed to ferment at 
room temperature for 60 days. Samples were assayed at a commercial laboratory for DM, pH, 
CP, aNDF, ADF, lignin, ash, WSC, and NDFD48h. In addition, samples were assayed by 
Pioneer for in situ DMD and in situ NDFD by loss of DM and NDF during 48h of ruminal 
incubation in cannulated steers with samples in 50 micron pore size Dacron bags (Ankom 
Technology, Macedon, NY).      
 
Results and Discussion Site of origin altered (P < 0.01) DM, CP, NDF, ADF, lignin, 
hemicellulose, cellulose, ash, and water soluble carbohydrate concentrations as well as in vitro 
and in situ disappearance of NDF (Table 1). Except for pH and water soluble carbohydrate 
concentrations, mean values for fermented samples fell between 94.8 and 107.1% of 
unfermented samples (Table 1). The DM content was 0.5% lower (P = 0.03), presumably due to 
loss of volatiles; protein, ADF, cellulose, and in vitro NDF disappearance all were greater  
(0.5%, 0.3%, 0.9%, 5%; P < 0.04) for fermented than unfermented samples. The pH, water 
soluble carbohydrate, and in situ NDF disappearance were lower (1.71 units, 16%, 6%) for 
fermented than unfermented samples. The correlation between unfermented and fermented 
samples in NDF disappearance was considerably greater when measured by in situ rather than 
by in vitro procedures (R2 = 0.71 vs 0.09).  
 
Conclusions Through fermenting water soluble carbohydrate to carbon dioxide and volatile 
acids, the pH as well as DM and WSC contents were lower after than before corn plants were 
fermented. However, changes during fermentation in the concentration of other components 
were minor compared to the difference among batches of corn plants and corn silage. 
Composition of fermented silage can be predicted quite closely from nutrient analysis of the 
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plants at harvest. Sampling at harvest should reduce the errors involved with obtaining a 
representative sample and the hazards involved with sampling a silage face. 
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Table 1. Effects of batch (source) and fermentation for 60 days on nutrient composition and 
digestibility of whole corn plants 
Measurement Batch, 

P< 
Fermentation, 

P< 
R2 Fermentation 

effect 
Batch 
range 

Sample DM, % 0.01 0.01 0.82** +0.5** 11 
pH 0.70 0.01 0.02 -1.61 0.40 
Crude protein, % of DM 0.01 0.01 0.55** +0.5** 3.3 
NDF, % of DM 0.01 0.25 0.28 +1.0 7 
ADF, % of DM 0.01 0.04 0.36 +0.8* 9.0 
Lignin, % of DM 0.01 0.44 0.23 -0.08 2.5 
Hemicellulose, % of DM 0.01 0.38 0.13 -0.17 4.8 
Cellulose, % of DM 0.01 0.02 0.34 +0.9* 8.9 
Ash, % of DM 0.01 0.17 0.43* +0.18 4.4 
WSC, % of DM 0.01 0.01 0.23 -6.4** 18 
DMD, in vitro, % of DM 0.01 0.03 0.16 +1.0* 8.2 
NDFD, in vitro, % of NDF 0.01 0.01 0.09 +3.0** 16 
DMD, in situ, % of DM 0.01 0.11 0.60** -1.4 19 
NDFD, in situ, % of NDF 0.03 0.01 0.71** -2.4** 38 
*P ≤ 0.05; ** P < 0.01. 
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Integrated feed management can improve whole farm nutrient management – a national 
feed management project 
J. H. Harrison*1, R. A. White1, G. Erickson2, R. Koelsch2, A. Sutton3, T. Applegate3, R. 
Burns4, and G. Carpenter5.  
1Washington State University, Puyallup, WA,98371, U.S.A., 2University of Nebraska, Lincoln, 
NE, U.S.A., 3Purdue University, West Lafayette, IN 47907, U.S.A., 4Iowa State University, Ames, 
Iowa, U.S.A., 5USDA-NRCS, Washington, DC, U.S.A.; Email: jhharrison@wsu.edu 
 
Introduction  Society currently expects the management of nutrients at the farm level to 
minimize their loss to the environment, including air, surface and ground water. Having an 
understanding of the magnitude and types of nutrient imports to the farm is the first step in 
understanding whole farm nutrient management. Feed represents the largest import of nutrients 
to most livestock and poultry farms, followed by commercial fertilizer (Klopfenstein at al., 2002). 
Feed management opportunities currently exist to reduce imports of nutrients, particularly 
nitrogen and phosphorus, to most animal and livestock operations. Of particular importance to 
this conference is the role that forages play in management of nutrients on the farm. 
This paper will describe the development of a systematic approach (see Figure 1) for consultants 
and advisers to assist owners and managers of livestock and poultry operations in adoption of 
feed management practices that will be profitable and decrease nutrient impact on the 
environment. The United States Department of Agriculture Natural Resources Conservation 
Service (NRCS) Feed Management Practice Standard 592 is defined as “managing the quantity 
of available nutrients fed to livestock and poultry for their intended purpose”.  The purpose of 
Feed Management Practice Standard 592 is to “supply the quantity of available nutrients 
required by livestock and poultry for maintenance, production, performance, and reproduction; 
while reducing the quantity of nutrients, especially nitrogen and phosphorus, excreted in manure 
by minimizing the over-feeding of these and other nutrients.  Integration of feed management 
into whole farm nutrient management is a new approach that can assist livestock and poultry 
producers to avoid excess accumulation of nutrients on their farm, particularly nitrogen and 
phosphorus. 
 
Materials and Methods In 2006 the National Feed Management Education Project was 
implemented for beef, dairy, poultry and swine. The project is designed to encourage adoption of 
NRCS’s Feed Management Conservation Practice Standard 592, and feed management practices 
that can have a positive impact on soil and water. A goal of the project is to assist NRCS staff 
and agricultural professionals increase their understanding of feed management, its impacts on 
environmental sustainability of livestock and poultry operations, and inclusion of a feed 
management plan (FMP) as part of a comprehensive nutrient management plan (CNMP). The 
feed management curriculum is organized in a four-hour format for both technical service 
providers and nutrition consultants. Information is provided that links the FMP to the CNMP and 
the requirements for certification to write a FMP. Real farm case studies are used to provide 
training to develop and implement a FMP and to use on-farm assessment checklists for assessing 
how a FMP will impact whole farm nutrient balance. Electronic decision aid tools include: whole 
farm nutrient balance, manure excretion estimator, and the relative economics of a ration change 
vs. transporting manure. The manure excretion estimator tool and economics tool are both linked 
to feed nutrient use. Examples of a FMP template are provided, as well as a completed FMP. All 
fact sheets and tools can be found at (http://www.puyallup.wsu.edu/dairy/nutrient-
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management/publications.asp) and (http://www.puyallup.wsu.edu/dairy/nutrient-
management/software.asp). 
 
Results and Discussion As of March 2009, over 400 individuals have received training at Feed 
Management Workshops and ~ 70 individuals have passed the American Registry of 
Professional Animal Scientists feed management exam and have been certified as Feed 
Management Planners. At present the states of Maryland, Pennsylvania, Indiana and California 
are actively promoting the adoption of feed management plans and utilizing Environmental 
Quality Incentive (EQIP) funds to assist with the development and implementation of plans by 
feed and crop advisors. 
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Figure 1. Feed Management 592 Implementation Flow Chart 
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Polyphenol oxidase activity: Changes during the wilting and ensiling process 
R. D. Hatfield and J. M. Marita 
USDA-Agricultural Research Service, U.S. Dairy Forage Research Center, 1925 Linden Drive 
West, Madison, WI 53706 U.S.A.; ronald.hatfield@ars.usda.gov. 
 
Introduction Ensiling forage is a common practice in the more humid regions, which helps to 
ensure preservation of carbohydrates and protein and produces a high nutritional quality product 
at feeding. Protein degradation during the ensiling process can be extensive even under good 
ensiling conditions. Protein degradation occurs as the result of native proteases released once the 
plant begins to senesce, a process that begins almost immediately after the forage is harvested. 
Red clover is a forage legume with similar nutritional characteristics as alfalfa, good digestibility 
and high protein levels. However, when red clover is ensiled protein degradation is typically 
limited to less than 15-20% no matter what the final pH is. The lack of excessive proteolysis is 
due to the action of a polyphenol oxidase and appropriate o-diphenol substrates, both found in 
relatively high levels in red clover leaves (Sullivan and Hatfield, 2006). Polyphenol oxidase 
(PPO, EC 1.10.3.1) catalyzes the double oxidation of o-diphenols to produce o-quinones that are 
reactive molecules binding to nucleophilic sites on other molecules including proteins. 
Proteolytic inhibition by PPO activity most likely involves the binding to o-quinones directly to 
proteases or to substrate proteins resulting in decreased protein degradation. Several temperate 
grasses were previously analyzed for the presence of PPO activity and the presence of 
appropriate o-diphenol substrates (Marita et.al., 2009). Four grasses, smooth bromegrass 
(Bromus inermis Leyss), meadow fescue (Festuca pratensis), ryegrass (Lolium perenne L.), and 
orchard grass (Dactylis glomerata L.), exhibited PPO activity (30-200 μmoles mg-1 min-1) that 
was in the range of the red clover PPO activity. Although these grasses had significant levels of 
PPO activity, they lacked appropriate o-diphenol substrates. The PPO activity found in these 
grasses would suggest a system for protection of forage protein during the ensiling process. 
However, to ensure that such a system would work with grasses like orchard grass, the PPO 
activity must survive the wilting process to ensure sufficient activity is available to react with 
supplied o-diphenols during the ensiling process. This work was undertaken to test the ability of 
the PPO enzyme in orchard grass, ryegrass and tall fescue to survive the 12 h-wilting period that 
is needed to decrease the moisture content of the forage to produce a good anaerobic 
fermentation. 
 
Materials and Methods Grass species were established in 7.6 L pots in the greenhouse under a 
14/10 h (day/night) lighting regime. Plants were harvested at the vegetative stage and placed on 
screens to allow them to dry. Sub-samples were taken at time points over the 12 h drying period 
and immediately frozen in liquid nitrogen and stored at -80 °C. Briefly, samples for PPO activity 
were frozen in liquid nitrogen, ground in a Mini-Beadbeater (Biospec Products Inc.) mill for 20 s 
at 5000 rpm, placed back in liquid nitrogen and beater-milling was repeated two more times. 
Ground samples were suspended in 50 mM TRIS-acetate buffer pH 7.0, beater-milled 10 s at 
3800 rpms and set on ice for 15 min before centrifuging 3 min at 14,000 x g. An aliquot (100 
µL) was taken and used for protein determination by trichloroacetic acid (TCA) precipitation 
followed by a bicinchoninic acid (BCA) protein assay (Pierce). PPO activity was determined in 
duplicate by a spectrophotometric assay using 5-thio(2-nitrobenzoate) (TNB) as a chromophore 
to monitor PPO activity (Esterbauer et.al.). The supplied substrate (chlorogenic acid or caffeic 
acid) when oxidized by PPO to an o-quinone reacts with the sulfhydryl group on TNB forming a 
substrate-sulfhydryl conjugate that has decreased absorbance at 412 nm. The assay reaction 
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mixture consisted of 20 µL o-diphenol substrate (concentration of 100 mM caffeic acid or 
chlorogenic acid dissolved in 80% EtOH), 20 µL TNB solution (prepared as described by 
Esterbauer et al., 1977), 940 µL 50 mM TRIS-acetate buffer pH 7.0, 10 µL catalase (1 Unit of 
activity per reaction) and 10 µL of the enzyme solution. 
 
Results and Discussion Samples were taken every 30 minutes for the first 4 h beginning with 
time (T)=0. After 4 h of wilting, samples were take every hour. Table I contains a subset of the 
total data collected in this experiment. Unlike red clover, the preferred o-diphenol substrate of 
PPO containing grasses is chlorogenic acid. As previously shown, orchard grass contains 
significantly higher levels of PPO activity (≈10X) compared to ryegrass. Tall fescue does not 
contain appreciable levels of PPO activity at the start and concentrations do not change 
throughout the wilting process. There are examples where PPO activity may actually increase 
due to a PPO activation process once the plant has been harvested. This may be case with 
orchard grass where the PPO activity was higher after the wilting process. Tall fescue was 
included because even though it has nominal PPO activity, it does contain appreciable levels of 
the o-diphenol chlorogenic acid (10-40 μmoles g-1 fresh weight). Based on the finding of this 
study,  grass PPO enzymes can survive the wilting process and have sufficient activity to 
generate reactive o-quinones from added o-diphenols during the actual ensiling process. As part 
of this experiment, samples of the wilted grasses were ensiled in laboratory silos (300 mL) and 
stored for 60 days. Upon opening, samples were removed and processed as above for PPO 
activity. It is probably not surprising that no PPO activity was found after the ensiling process. 
The question of how long PPO activity may be maintained once the herbage is ensiled remains. 
This may not be so important after 24 h as oxygen most likely will become the limiting factor as 
a co-substrate for the PPO reaction. 
 
Conclusion Orchard grass and ryegrass both have appreciable levels of PPO activity in their 
fresh herbage. The wilting process typically utilized to decrease moisture content for good 
ensiling does not decrease the PPO activity, therefore sufficient levels should be available to 
produce proteolysis inhibiting o-quinones. 
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Table 1. Polyphenol oxidase activity of grass samples taken during a 12 hour wilting paper 
before ensiling. T=minutes after harvest when a sample was taken for analysis. 
 PPO Specific Activity micromoles mg-1min-1 
Grass Chlorogenic acid Caffeic acid 
 T0 T120 T240 T720 T0 T120 T240 T720 
Orchard 12.95 16.55 14.38 23.66 10.39 8.75 6.90 10.70
Ryegrass 1.15 2.39 1.05 3.32 0.22 0.59 0.38 0.59
Tall fescue 0.07 0.02 0.02 0.01 0.26 0.07 0.16 0.00
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Introduction  Maize silage is a carbohydrate feed with high content of starch. From nutritional 
point of view, the starch is an important source of energy in maize silages. Maize hybrids are 
classified as hybrids of maize for grain (GH) and hybrids of maize for silage (SH). Recently GH 
with high content of starch is preferred for ensilaging but these hybrids have higher lignification 
of plants. Maximal yield of grain is requested for GH. High digestibility of fiber, including yield 
of grain (starch) is requested for SH in comparison with other hybrids. The hypothesis of this 
study was based on requirements to specify these silages and initiate an evaluation of the 
relationship with farm animal needs. The proposed paper is based on current feed evaluation 
system, with focus on digestibility mechanisms in relations to silage quality of animal nutritional 
needs. The objective of this study was to estimate the digestibility of GH and SH using chemical 
analysis and in vivo procedures. 
 
Materials and Methods The samples were analyzed for content of dry matter, crude protein 
(CP), ether extract, ash, neutral-detergent fiber (NDF) and acid-detergent fiber (ADF). NDF and 
ADF were estimated according to Van Soest et al. (1991). CP was analyzed according to the 
Kjeldahl method (Nitrogen x 6.25). Ether extract was determined according to the AOAC (2005). 
The in vivo metabolic trials (each silage twice repeated) were performed on six wethers 
Romanovské breed (weighing 78.6+6.3 kg) stabled in balanced separators. The silages were 
offered twice a day (5.2 kg of estimated feed/animal/day). The animals had free access to 
drinking water. Statistical analysis of this experiment were performed using the statistical 
programme SAS (SAS Institute, 2003). Treatment means were compared by Scheffe test of 
multiple-comparison procedure at P ≤ 0.05. 
 
Results and Discussion The chemical composition of both silages (GH, SH) is shown in Table 1. 
The digestibilities of individual nutrients of GH and SH were determined as follows (in %): DM 
68.1, 69.3; OM 69.9, 71.4; CP 58.4, 56.2; CF 49.6, 54.2; NDF 55.7, 52.4; GE 68.1, 69.6, 
respectively. There was found significant difference (P ≤ 0.05) for CF digestibility and no 
differences for other nutrients of GH and SH. In vivo sheep digestibility of original DM, OM, CP, 
CF, NDF and GE of both silages are given in Figure 1. 
 
Conclusions Due to higher digestibility of CF in silage made from SH it is more suitable for 
nutrition of high yielding dairy cows. 
 
Acknowledgments The study was supported by the Ministry of Agriculture of the Czech 
Republic (MZE00027001404 and NAZV QH81309). 
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Table 1. Chemical composition of estimated silages (GH, SH) 
Item Units GH SH 
Dry matter  g/kg of DM 286.9 304.0 
Crude protein g/kg of DM 82.5 81.9 
Ether extract g/kg of DM 31.7 29.6 
Crude fiber g/kg of DM 195.2 207.2 
Ash g/kg of DM 46.4 42.6 
NDF g/kg of DM 484.7 443.2 
ADF g/kg of DM 242.0 258.4 
ADL g/kg of DM 32.6 34.7 
Lactic acid g/kg of ODM 27.0 26.8 
Acetate acid g/kg of ODM 3.8 3.8 
Propionic acid g/kg of ODM 0.4 0.4 
Butyric acid g/kg of ODM 0 0 
pH  4.5 4.5 
Gross energy kJ/g of DM 19.366 19.317 
DM = dry matter, ODM = original dry matter, NDF = neutral-detergent fiber, ADF = acid-
detergent fiber, ADL = acid-detergent lignin. 
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Figure 1. In vivo sheep digestibility of dry matter (DM), organic matter (OM), crude protein 
(CP), crude fiber (CF), neutral-detergent fiber (NDF) and gross energy (GE) of estimated silages 
(GH, SH). 
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Introduction  Digesta sampling via a simple T-piece cannula fitted at the proximal duodenum is 
currently the most widely adopted technique for investigating ruminal N metabolism and the 
flow of microbial crude protein (MCP) and rumen undegraded protein (RUP). An omasal canal 
sampling technique developed by Huhtanen et al. (1997) and modified by Ahvenjärvi et al. 
(2000) offers a less invasive approach since only ruminal cannulae are required. Owing to lower 
endogenous N secretion into the rumen compared with the abomasum, sampling at the omasum 
allows a more accurate estimation of the flow of different microbial and dietary N fractions. Our 
objective was to undertake a meta-analysis of rumen N metabolism based on data from silage-
based studies measuring nutrient flow at the omasum. 
 
Material and Methods Data were comprised of 122 treatment means from 32 studies conducted 
in Finland, USA, Ireland and Canada. A total of 112 diets were fed to lactating cows and 10 to 
growing cattle. In all studies digesta flow into the omasal canal was measured using a triple-
marker system. Microbial protein synthesis (n = 96) was determined using 15N or purine bases as 
a microbial marker. The supply of MCP, RUP and total NAN flow were predicted using the 
NRC (2001) model. Measured DMI were used to discount TDN content in the estimation of 
MCP.  Mixed model regression analysis including a random study effect was used to investigate 
the relationships between NRC (2001) predictions and measured MCP, RUP and NAN flows, 
and factors influencing rumen CP balance. Rumen CP balance was calculated as [6.25 x (N 
intake (g/d) – NAN flow (g/d)] / DMI (kg/d). 
 
Results and Discussion Both DMI and diet composition exhibited large variation. DMI ranged 
from 6.0 to 27.4 kg/d (mean 19.0), CP concentration from 98 to 236 g/kg DM (mean 158) and 
NDF concentration from 219 to 595 g/kg DM (mean 378). There was a close relationship 
between total (dNDF) and ruminal NDF digestion (rdNDF):  rdNDF (kg/d) = -0.04(±0.11) + 
0.947(±0.025) × dNDF (adjusted RMSE = 0.16).  The equation indicates that on average 95% of 
total NDF digestion occurred in the reticulo-rumen. This value is in close agreement with values 
derived using alternative experimental approaches and model estimates based on particle 
residence time in different segments of the digestive tract. The parameters of the fixed regression 
model were similar to the mixed model (-0.19 and 0.97) with a low associated RMSE (0.26) 
suggesting that estimates of omasal flow are both accurate and consistent between studies.  The 
flow of NAN to the omasal canal increased slightly more than predicted by NRC (2001): NAN 
flow = 2.5(±20.4) + 1.06(±0.044) × Predicted NAN (Adj. RMSE = 21.6).  When NRC estimates 
were corrected for the contribution of endogenous N, the slope increased to 1.12(±0.048). 
Endogenous N flow from the rumen is smaller than from the abomasum, and the true difference 
between NRC predicted and observed NAN flow from the rumen varies between 6 and 12%. The 
slope between NRC predicted and observed values for MCP and RUP flow was 1.26 and 0.77, 
respectively (Figure 1). Actual differences are likely to be marginally higher, since the marker to 
N ratio is lower in rumen protozoa compared with bacteria resulting in an underestimation of the 
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contribution of protozoa to MCP flow. For the present data, endogenous N is included in the 
RUP fraction, which also results in an overestimation of RUP flow from the rumen. Efficiency of 
microbial N synthesis was on average 23.7 (SE=0.39) g/kg OM truly digested in the rumen 
(OMTDR), which increased (P<0.01) 0.35 g/kg OMTDR per kg increase in DMI. The NRC 
(2001) system corrects for TDN content based on increases in DMI but ignores potential 
improvements in the energetic efficiency of microbial synthesis, which may explain the 
underestimation of MCP flow. A zero rumen CP balance was attained based on data for lactating 
cows at dietary CP and RDP (NRC, 2001), rumen ammonia N and MUN concentrations of 147 
and 106 g/kg DM, 5.3 mmol/L and 8.3 mg/100 ml, respectively. The corresponding RMSE 
adjusted for random study effect were 6.2, 5.3, 4.9 and 6.5 g CP/kg DM, respectively.  The 
coefficient for RDP was below 1.00 (0.74) indicating that the observed differences in ruminal CP 
degradability were smaller than NRC predictions based on situ data. 
 
Conclusion Current results indicate that the flow of nutrients leaving the rumen can be measured 
reliably by the omasal sampling technique. The contribution of MCP to intestinal NAN flow was 
greater and that of RUP smaller than predicted by the NRC (2001) model. The lack of significant 
effects on milk yield due to increases in dietary RUP supply (Ipharraguerre and Clark, 2005) 
supports these findings. 
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Figure 1. Relationship between NRC (2001) predicted and observed MCP and RUP flow. 
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Characterizations of condensed tannins in birdsfoot trefoil silage 
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Introduction  Condensed tannins (CT) bind plant proteins, reducing ruminal degradation and 
increasing absorption of essential amino acids from the small intestine  
(Mueller-Harvery, 2006). Research reported that presence of condensed tannins (flavonols) in 
Birdsfoot trefoil (lotus corniculatus; L. BFT) improves nitrogen efficiency in ruminants 
(Waghorn and McNabb, 2003). The positive environmental effects of CT are to increase fecal 
nitrogen and decrease urinary nitrogen (Waghorn et al., 2002). Feeding sheep, goats, and dairy 
cattle forage with CT might result from a reduction in ruminal proteolysis. The objective of this 
research was to characterize the chemical structure of the CT in BFT silages.  
 
Materials and Methods Samples of BFT silage collected during a lactation trial with dairy 
cattle were qualitatively and quantatively analyzed for CT. At room temperature, 15 grams of 
freeze dried silage was extracted three times with 135 ml of a mixture of water, acetone, and 
acetic acid (70:29.5:0.5 v/v). The standards dissolved into Type 1 water were: optical isomers  
(-)-Gallocatechin gallate, (-)- Gallocatechin, (-)-Epigallocatechin gallate, (-)-Epicatechin green 
tea, (+/-)-Taxifolin, (-)- Catechin, (-)- Catechin hydrate, (-)- Catechin gallate, plus, Procyanidin 
B2, Epicatechin gallate green tea, Epigallocatechin green tea. Standards and BFT extract was 
analyzed for CT content at 35° C on an HPLC by injecting 10 μl onto a Waters X Bridge 
4.6x250mm column and eluted. A 2-solvent linear gradient was used: 75% solvent A (0.1% 
phosphoric acid in Ammonium Phosphate), 25% solvent B (0.05% phosphoric acid acetonitrile); 
changed to 10% A to 90%  B over 100 min. Flow rate was 1 ml/min. Absorbance was measured 
using a diode array detector set at 280 nm. Birdsfoot trefoil silage extract was also analyzed for 
CT content and compared to 12 known CT standards using HPLC runs done on a Zorbax SB-
C18 2.1x50mm column 1.8um particle size run on an Agilent 1200 HPLC with a linear gradient 
of 98% water: 2% acetonitrile, 0.1% formic acid to 90% acetonitrile 10% water 0.1% formic acid 
over 25 min. Flow rate was 0.25 ml/min. The mass spectrometer was an Agilent LC/MSD TOF 
with a electrospray ionization in negative ion mode. A lock mass was used to internally calibrate 
masses. The negative reference masses were Trifluoroacetic acid (TFA) (mass 112.9856) and 
HP-0921 (mass 1033.988).  
 
Results and Discussion Using diode array detection at 280 nm (Figure 1) the oligomers eluted at 
approximately 8 min is (-)-Epicatechin green tea, (-)-Catechin, (-)-Catechin hydrate and 
Procyanidin B2 in the standards with estimated concentration is 5.97 g/ml.  In the BFT plus 
standards at approximately 8 min, the estimated concentration is 9.655 g/ml. The BFT sample 
eluting at approximately 8 min had a concentration of 0.808 g/kg of DM. The BFT CT eluting at 
approximately 8 min was further analyzed using MS and mass of 301.0394 g/mol (Figure 1), 
which is different from any of the 12 standards. The focus of the study was on the oligomers at 
8min because four CT standards and the sample showed peaks at this time. Possible CT at 8 min 
and a mass of 301.0394 are Flavone, Perlargonidin, Cyanidin, Kaempferol Isoquercitrin, 
Petunidin, Quercetin, Naringenin, Peonidin,  Fisetin,  Malvidin  chloride,  and Gallic acid  (Wulf 
et al., 2008).  There remains the possibility that the other peaks are known CT and will require 
future investigation. 
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Figure 1. Normal-phase HPLC fluorescences traces of (A) the CT aqueous extracts from 
Birdsfoot Trefoil, and (B) standards  added to Birdsfoot Trefoil extracts. (C) Mass spectra “X” 
indicates the position of (-)-Epicatechin green tea, (-)-Catechin, (-)-Catechin hydrate, 
Procyanidin B2 and unknown CT. 
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Introduction  Maize silage is an important component of feed rations for cattle. In recent years 
the assortment of hybrids in the Czech market has been enlarged many times as a result of 
imports by foreign seed production companies, but a method of evaluation of silage and grain 
maize hybrids is still missing for the needs of farmers. The date of harvest has a great influence 
on plant composition due to changes in the proportions of particular plant parts (Gordon, 1980, 
Castle et al., 1983). Maize for silage contains two different types of feed with different energy 
concentrations (Suk et al., 1998). One is the ear in which kernels are dominant (kernels contain 
ca. 60% starch of high digestibility ca. 95-99%), and the ear accounts for 50-60% of whole plant 
dry matter. The remaining part (40-50% of dry matter) is a green part, containing mainly fiber. 
Because the proportion of kernels plays an important role in relation to the energy content of 
maize silage, it is a reason why mostly grain hybrids of maize are preferred for silage production. 
However, higher lignification of fiber of the green part is also typical of these hybrids. Fiber 
digestibility in grain hybrids is markedly lower, which negatively influences dry matter intake in 
dairy cows. The objective of this research was to determine variability of the nutritive value of 
maize silages from maize hybrids of the same earliness (FAO 300) that are sold in the CR.  

Materials and Methods Five hybrids of the same earliness (FAO 300) supplied by different 
companies were sown, grown and ensiled under identical conditions. The whole plants of maize 
for silage were harvested by a Claas Jaguar 690 cutter at the same stage of ripeness at a dry 
matter content of ca. 32 ± 2%. After three months of fermentation (silos of the capacity ca. 3 t) 
maize silages were opened, samples were taken for chemical analysis and frozen to -20° C for a 
feeding trial. Digestibility of organic nutrients was tested in a trial on wethers (in vivo). 
Experimental animals were housed in balance cages in which individual feed intake and faeces 
quantity were determined according to the Vencl (1985) methodology. Energy value of maize 
silages (NEL) was calculated by regression equations (Vencl, 1985). In the maize silages, we 
determined the contents of organic nutrients (standard CSN 46 7092) – dry matter (DM), crude 
protein (CP), crude fiber (CF), ether extract (F), nitrogen-free extract (NFE), acid detergent fiber 
(ADF), neutral detergent fiber (NDF), ash (A) – and parameters of the fermentation process 
(Hartman, 1980). 

Results and Discussion Table 1 shows the results of a trial on wethers fed experimental silages 
of the particular maize hybrids. The presentation of results is aimed to demonstrate the high 
variability of the observed values and importance of selection of maize hybrids designed for 
ensiling. The following values of digestibility were reached on average: DMD 66.7%, CPD 
55.2%, CFD 54.3%, FD 82.6%, OMD 68.4%. The largest difference (P < 0.05) was found in 
crude fiber digestibility (48 and 62%, respectively) where the difference between minimum and 
maximum value is ca. 14% units, which is a statistically significant difference (P < 0.05). Fiber 
digestibility influences dry matter intake; the lower the fiber digestibility, the lower the dry 
matter intake. A difference of 1.77 g/kg LW (P < 0.05) was determined between groups of 
wethers at the average dry matter intake of 15.7 g/kg LW. The lowest energy concentration 
(NEL) was 5.67 MJ/kg DM, the highest 6.61 MJ/kg DM. The difference was 0.94 MJ/kg DM. If 
the average dairy cattle ration contained 15 kg of maize silage with 35% dry matter, the intake 
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would be 5.25 kg dry matter of maize silage. At the ration of 5.25 kg dry matter, the difference in 
energy content between silages in this study with the lowest and highest energy concentrations 
would be 4.94 MJ, which corresponds to a difference of 1.65 kg milk per day  (P < 0.05) based 
on 3 MJ per 1 kg milk. The selection of the best quality maize hybrid for ensiling can increase 
the milk performance of a herd by up to 1.65 kg milk per dairy cow at the same cost of fodder 
base. 

 
Conclusions The experimental results document high variability among the grown maize 
hybrids designed for ensiling. For this reason the use of unified tabular values for the calculation 
of NEL brings about the results that do not correspond to reality. The results are preliminary, and 
the research will continue in subsequent years (project QI91A240).  
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Table 1. Digestibility of organic nutrients (in vivo) of maize silage of five selected hybrids of the 
same earliness (FAO 300) supplied by five commercial seed-production companies  
Hybrid  1 2 3 4 5 Average
Digestibility       
  Dry matter, % 63.45 a 66.53 ab 67.13 ab 64.15 a 72.23 b 66.70 
  Crude protein, % 51.28 52.93 56.03 57.58 58.20 55.20 
  Ether extract, % 86.48 84.03 72.83 81.33 88.60 82.65 
  Crude fiber, % 48.03 ab 51.95 a 61.98 b 49.78 a 59.85 b 54.31 
  NFE, % 72.58 ab 74.30 ab 71.45 a 70.03 a 78.80 b 73.43 
  Organic matter, % 66.40 a 68.35 ab 68.35 ab 65.21 a 73.78 b 68.42 
              
ME, MJ/kg DM 9.81 a 10.06 ab 10.06 ab 9.65 a 10.96 b 10.11 
NEL, MJ/kg DM 5.78 a 5.97 ab 5.97 ab 5.67 a 6.61 b 6.01 
              
Dry matter intake, g per kg LW 14.88 16.65 15.23 16.02 15.65 15.69 
Dry matter intake, g  per head/day 910 1113 924 920 1052 984 
Average values with different letters in a row show a statistically significant difference between 
maize silages (P < 0.05, Scheffe test) 
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Introduction  The use of cellulases at ensiling promotes the splitting of non-starch 
polysaccharides in the fodder. Cellulose is a very complicated substrate for the activity of 
enzymes, and there are no sources of cellulase in the world that are economically profitable and 
meet the requirements of industry (Gracheva and Krivova, 2000). One of the ways to increase 
the effectiveness of cellulolytic preparations, designed for ensiling plant substrates, is to increase 
the specific productivity of microorganism-produced cellulolytic enzymes.  To increase the 
specific productivity of strain-produced cellulolytic enzymes, we have explored the impact of 
gamma radiation on the viability, cultural morphology and physiological-biochemical properties 
of Bacillus subtilis BT-90. 
 
Materials and Methods The strain Bacillus subtilis BT-90 from the collection of 
microorganisms from Stepnogorsk was used for this study. The surface cultivation of the strain 
before and after radiation was performed using the agar medium RPA, containing pancreatic 
hydrolysate of northern pilchard. A suspension of Bacillus subtilis BT-90 spores, obtained by 
washing from solid nutrient medium, was subjected to the influence of γ-radiation for various 
times, provided by a cesium-137 source. To get isolated colonies we performed exhaustive 
sowing of 0.1 ml of irradiated suspension on 5 to 7 Petri plates and incubated at 35°C over 48 
hours. Isolated colonies were resown on slant agar (1 colony for two vials). Vials were incubated 
at 35°C until complete germination of spores by 72 hours. Two quantitative measures of the 
influence of γ-radiation on the productivity of radiated cultures were performed: the titer of 
viable cells (T) and endoglucanase activity (A) after submerged cultivation of the B. subtilis BT-
90 isolates in liquid nutrient medium. A submerged cultivation was performed in rocker flasks 
(220 cycles/min) until the complete germination of spores (42-48 hours). The comparison of the 
level of endoglucanase activity (mm) was performed by measuring the diameter of clearing 
zones in CMC agar under the influence of cellulolytic enzymes, which are produced under 
submerged cultivation. 
 
Results and Discussion Taking into consideration the ability of the culture to survive, the 
optimal dose to perform radiological mutagenesis was a dose of radiation equal to 5 kgr 
(Tumanyan and Kaushanskiy 1974). After radiation with the help of exhaustive sowing on Petri 
plates with agar medium, we selected separate colonies for further work  (47 mono-isolates) that 
differed in their morphology from the colonies of the culture, which did not receive any radiation 
(K). As a result of checking the properties of these mono-isolates exposed to γ-radiation, four 
mono-isolates (MX1,  MX2,  MX3 and  MX6) had endoglucanase activity higher than the control 
and were selected for further research.  To be sure that the increased endoglucanase activity in 
these mono-isolates was a stable property, the indices of productivity and morphological 
properties of these four mono-isolates were measured after each of 5 re-sowing processes in 
liquid nutrient medium. The results of the checking the productivity of these mono-isolates at 5 
subsequent re-sowings are given in Table 1. Mono-isolates MX1 and MX6 were preserved by 
lyophilization as prospectively interesting strains for developing a new technology of obtaining 
cellulolytic preparations of bacterial origin. 
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Conclusions As indicated from the Table 1, variants MX1 and MX6, obtained as the result of 
radiation, are characterized by a true increase of endoglucanase activity in comparison with the 
culture, which did not receive any radiation. So, we have demonstrated the potential opportunity 
to apply radiological mutagenesis for obtaining highly active bacterial producers of cellulolytic 
enzymes. 
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Table 1. Productivity of mono-isolates of a γ-irradiated culture of B. subtilis BT-90 

Re-
sowing 

Characteristic1 MX1 MX2 MX3 MX6 K 

T,*109 spore/ml  1.3 5.6 5.4 5.6 7.5 
I  

A, mm 33.0 30.0 30.0 32.0 31.0 

T,*109 spore/ml  1.6 4.4 4.4 3.8 5.8 
II  

A, mm 33.0 33.0 34.0 35.0 31.5 

T,*109 spore/ml  1.35 4.1 4.4 4.2 9.7 
III  

A, mm 34.2 33.7 33.0 34.5 31.2 

T,*109 spore/ml  2.6 3.0 4.2 2.7 6.8 
IV  

A, mm 34.7 32.2 30.7 34.7 31.2 

T,*109 spore/ml  4.7 1.35 4.5 3.7 6.0 
V  

A, mm 34.2 33.2 33.0 35.0 31.5 

Log10 T 9.30 ± 0.24 9.52 ± 0.24 9.66 ± 0.04 9.59 ± 0.11 9.84 ± 0.09 
Mean A, mm 33.82 ± 0.78 32.42 ± 

1.46 
32.14±1.70 34.24 ± 1.27 31.28 ± 

0.22 
1T, titer of viable cells; A, endoglucanase activity as estimated by zone of clearing in CMC agar. 
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Introduction  Alfalfa silage (AS) is high in total crude protein (CP) and nonprotein N (NPN). 
Roasting of dry corn has decreased NH3 in ruminal in vitro incubations compared with 
unroasted dry corn (Krizsan et al., 2007). This suggests a potential for increased microbial 
growth from NPN in AS with roasted corn. The objective of this experiment was to determine 
whether roasting improved utilization of ground shelled corn (GSC) when fed with alfalfa 
ensiled in bag, bunker, or O2-limiting tower silos for ruminal digestibility and microbial protein 
synthesis. 
 
Materials and Methods Alfalfa was harvested in 2004 as second cutting. The six diets with 3 x 
2 factorial arrangement of treatments consisted of AS ensiled in bag, bunker, or O2-limiting 
tower silos and each fed with unroasted or roasted corn to six multiparous Holstein cows in an 
incomplete Latin Square design with five 21-d periods. Diet specific ingredient composition 
(from 60°C DM determinations) was: A (40% bag AS and 35% GSC), B [40% bag AS and 35% 
roasted GSC (RGSC)], C (41% bunker AS and 35% GSC), D (41% bunker AS and 34% RGSC), 
E (41% tower AS and 35% GSC), and F (41% tower AS and 35% RGSC). Corn silage (15%), 
solvent soybean meal (5%), and roasted soybeans (4%) were also included in all diets. Dietary 
NDF, ADF, CP, and starch for diet A to F ranged between 25.5 and 27.0, 15.4 and 16.7, 17.4 
and 17.8, 24.2 and 26.8% of DM, respectively. Rumen digestion and microbial protein yields 
were quantified using omasal sampling (Ahvenjärvi et al., 2000) and 15N.  
 
Results and Discussion No significant interactions (P ≥ 0.07) between AS and corn source were 
detected for any trait shown in Table 1. Dry matter intake and flow were not different (P ≥ 0.19) 
between treatments, averaging 24.5 and 17.1 kg/d across diets. Dry matter and OM apparently 
digested in the rumen were 1.40 and 1.31 kg/d higher (P = 0.04), respectively, for cows fed 
RGSC than cows on GSC diets. The means of ADF apparently digested in the rumen for cows 
fed diets with AS from bag, bunker and O2-limiting silo were: 2.08, 1.69, and 2.09 kg/d, 
respectively, and values from bag and O2-limiting silos were higher (P ≤ 0.03) than for cows fed 
AS from the bunker silo. No significant dietary effects of omasal flow of N fractions were 
detected except for an alteration of the proportions of NAN contributed by fluid- and particle-
associated bacteria in total microbial NAN due to dietary AS source (P = 0.04). Proportions of 
NAN of total microbial NAN in fluid- and particle-associated bacteria for cows fed diets with 
AS from bag, bunker, and O2-limiting silo were: 41.2 and 58.8, 44.4 and 55.6, and 41.8 and 58.2, 
respectively. Total free AA increased in rumen fluid from cows fed RGSC diets compared with 
cows on GSC diets (P < 0.01; Table 1). Ruminal NH3 concentrations and milk urea N were not 
affected (P ≥ 0.18; Table 1) by any dietary treatment. 
 
Conclusions There were responses of roasting of corn on ruminal nutrient digestibility, but 
effects on ruminal outflow of N fractions were minor and only affected by dietary AS source. 
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 Table 1. Effects of AS and corn type on intake, ruminal digestion, and microbial protein yield 

Alfalfa silage Bag Bunker O2-limiting  P > F1 
Item2        Corn source GSC RGSC GSC RGSC GSC RGSC SE C S 
DM intake, kg/d   24.9   25.1   23.3   23.3   25.5   25.0   1.9   0.90 0.23
DMADR, kg/d     7.93     8.56     6.04     8.32     6.24     7.53   1.03   0.04 0.21
DMADR, %   28.6   33.9   27.4   33.9   23.9   29.7   3.95   0.06 0.42
OM intake, kg/d   20.4   23.8   21.9   21.7   23.7   22.7   1.8   0.61 0.69
OMADR, kg/d     9.24     9.84     7.30     9.39     7.74     8.96   1.01   0.04 0.18
OMADR, %   36.2   36.0   35.3   41.4   32.1   37.8   4.2   0.28 0.72
OMTDR, kg/d   14.5   13.6   12.3   13.5   13.3   14.2   1.2   0.57 0.40
OMTDR, %   61.9   62.6   57.7   62.2   55.9   60.7   2.9   0.15 0.37
NDF intake, kg/d     6.81     7.80     7.35     7.06     8.31     7.68   0.60   0.96 0.34
NDFADR, kg/d     1.89     2.30     1.57     1.81     2.05     1.89   0.42   0.51 0.38
NDFADR, %   23.0   28.5   22.2   25.4   23.6   22.9   5.4   0.50 0.86
ADF intake, kg/d     4.46     5.08     4.82     4.61     5.44     5.04   0.39   0.99 0.32
ADFADR, kg/d     1.93     2.22     1.72     1.67     2.14     2.04   0.25   0.73 0.03
ADFADR, %   36.7   43.5   36.6   36.1   38.5   38.4   4.00   0.49 0.59
Starch intake, kg/d     5.29     6.83     5.68     5.71     6.28     6.15   0.48   0.21 0.52
Starch ADR, kg/d     3.72     4.63     3.59     4.08     3.75     4.12   0.41   0.09 0.70
Starch ADR, %   67.5   67.7   64.8   70.5   60.0   68.2   5.2   0.29 0.74
N intake, g/d 720 717 681 677 722 697 53   0.70 0.50
NAN flow, g/d 627 692 694 594 766 685 69   0.46 0.39
NANMN flow, g/d 215 266 257 209 276 226 33   0.56 0.86
FAB NAN flow, g/d 170 198 195 170 196 201 16   0.82 0.56
PAB NAN flow, g/d 241 278 242 215 296 259 30   0.63 0.13
TMNAN flow, g/d 411 476 437 385 492 461 37   0.85 0.24
Microbial efficiency,          
g of NAN/kg OMTDR   34.7   35.4   34.7   30.6   38.6   34.0   3.7   0.38 0.61
Milk urea N, mg/dL   14.6   14.9   14.6   12.6   13.7   13.9   1.2   0.52 0.42
Ruminal NH3, mg/dL   11.2   12.2     8.88   11.2   10.7   10.3   0.97   0.19 0.18
Ruminal free AA, mM     2.56     4.81     2.09     4.70     2.96     3.30   0.54 <0.01 0.58
1Probability of a significant effect of corn source (C) and silage type (S). 2ADR = apparently 
digested in the rumen, OMTDR = OM truly digested in the rumen, NAN = nonammonia N, 
NANMN = nonammonia nonmicrobial N, FAB = fluid-associated bacteria, PAB = particle-
associated bacteria, TMNAN = total microbial NAN. 
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Effect of wilting, silage additive, PEG treatment and tannin content on the distribution of 
N-fractions after ensiling of three varieties of Sainfoin (Onobrychis viciifolia) 
M. M. Lorenz, T. Eriksson, and P. Udén 
Department of Animal Nutrition and Management, Swedish University of Agricultural Sciences, 
Uppsala, Sweden; Email: martin.lorenz@huv.slu.se 
 
Introduction  Sainfoin is a tanniniferous, leguminous plant that has potentially beneficial 
effects on protein utilization in ruminants (McAllister et al., 2005). Since ensiling causes major 
protein breakdown, our objectives were to study the effects of wilting, treatment with Promyr 
(PM; a commercial mixture of propionic and acetic acid) and plant tannin levels on the buffer 
soluble nitrogen (BSN) with or without polyethylene glycol (PEG). 
 
Material and Methods The Sainfoin varieties were Cotswold Common, Reznos and Teruel. A 
grass/clover mixture (1:1) served as a tannin-free control. The plant material (80 g) was ensiled 
in duplicate mini-silos for 60 days at 20°C, either fresh or after drying to 50% dry matter (DM) 
at 40°C. PEG and PM were applied before ensiling and PEG was used as an indirect measure of 
tannin effect during ensiling. The silages were analyzed for total N, BSN, trichloroacetic acid 
non-precipitable N (TCA-NPN), total amino acid-N (AA-N), NH3, DM, extractable tannins (ET) 
and protein bound tannins (PBT). Tannins were measured by a modified method of Terrill et al. 
(1992). 
 
Results and Discussion Total N ranged from 22 to 26 g/kg DM depending on variety and 
treatment. Cotswold Common had the highest total N, and Reznos had the overall lowest ratio of 
BSN:total N. PEG increased and PM decreased the level of BSN in the silages (p<0.001). The 
PM treatment produced lower BSN, TCA-NPN and NH3 (p<0.05) as compared with no additive. 
Addition of PEG increased the BSN-proportion 1.8- and 2.6-fold for wilted and un-wilted 
silages, respectively. This suggests a strong tannin-protein binding effect in Sainfoin. 
Correlations between tannin levels (ET and PBT) and BSN were poor in the non-PEG silages. 
 
Conclusion Promyr lowered silage BSN contents and PEG treated Sainfoin silages showed 
higher BSN contents. However, the correlation between tannin content and silage N-fractions 
were poor in the non-PEG treatments, indicating qualitative attributes of tannins, rather than 
quantitative. 
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Table 1. Effects of treatments and variety on N-fractions and tannin composition in Sainfoin 
Fresh herbage Total N BSN TCA-NPN AA-N NH3-N ET PBT 
     g/kg DM g/kg N g/kg BSN g/kg DM 
 Un-wilted mean 22.3a 238.3a - - - 38.6a 25.8a 
  Cotswold 22.6±0.2 190±2.3 - - - 32.2±7.7 35.0±6.5 
  Reznos 21.8±0.1 182±1.3 - - - 41.2±4.8 24.4±0.9 
  Teruel 22.3±0.7 218±2.0 - - - 42.4±5.1 17.9±0.1 
   Grass/Clover 22.5±0.1 362±1.2 - - - - - 
 Wilted mean 23.6b 301.0b - - - 49.8b 23.8a 
  Cotswold 25.7±0.0 284±5.1 - - - 50.4±1.1 33.3±2.8 
  Reznos 24.2±0.6 299±16.4 - - - 41.2±1.0 15.9±8.2 
  Teruel 21.9±0.4 259±10.9 - - - 57.8±0.2 22.1±8.9 
    Grass/Clover 22.5±0.0 360±14.3 - - - - - 
Ensiled herbage               
 Un-wilted mean 23.7a 429.4a 378.9a 385.4a 66.5a 12.5a 25.1a 
  No additive 24.5a 380.8a 330.5a 392.9a 78.2a 14.2a 31.6a 
  Cotswold 24.0±0.4 310±11.5 273±11.4 375±2.4 64.3±2.2 18.5±1.9 35.1±7.3 
  Reznos 23.7±0.3 250±16.6 227±28.3 443±23.3 78.2±1.1 12.2±2.7 38.8±0.6 
  Teruel 23.9±0.5 327±49.9 279±19.6 395±20.4 74.1±1.5 11.8±0.3 20.9±3.4 
   Grass/Clover 26.3±0.7 634±18.2 541±9.2 357±58.6 96.2±17.6 - - 
  Promyr mean 23.4a 308.1b 258.8b 346.4a 37.4b 13.6a 24.4a 
  Cotswold 24.7±2.1 244±13.6 167±53.8 317±3.0 61.9±n.a. 17.4±0.5 32.6±5.4 
  Reznos 22.3±0.4 206±8.8 201±2.4 372±6.5 30.6±3.6 13.9±2.5 26.9±13.3 
  Teruel 22.3±1.8 244±8.7 216±6.1 326±2.7 32.9±5.2 9.6±4.2 16.7±2.4 
   Grass/Clover 24.4±0.2 538±8.2 449±6.4 369±3.2 24.4±2.4 - - 
  PEG mean 23.3a 599.4c 547.4c 416.8a 84.0a 9.8b 18.3b 
  Cotswold 22.9±0.7 652±37.3 619±81.0 445±5.4 72.4±4.3 13.8±1.1 19.1±2.2 
  Reznos 23.0±0.6 602±45.0 579±12.6 438±19.7 95.2±3.2 8.2±0.4 19.5±4.9 
  Teruel 22.9±0.6 536±6.5 481±5.0 387±5.3 70.1±0.5 7.4±1.0 16.3±0.8 
    Grass/Clover 24.4±0.1 605.7 509±2.5 397±1.9 98.2±3.4 - - 
Ensiled herbage               
 wilted mean 24.5b 430.5a 390.5b 317.3b 53.1b 13.9a 30.6b 
  No additive 25.1a 382.3a 350.4a 307.0a 58.4a 14.7a 34.8a 
  Cotswold 26.4±0.4 335.±10.8 333±2.1 329±43.9 63.5±7.1 17.7±0.1 51.7±5.6 
  Reznos 25.7±0.1 346±1.3 334±0.9 219±23.5 75.3±7.9 12.0±5.1 27.6±2.8 
  Teruel 24.3±0.3 289±1.5 257±2.7 362±n.a. 41.3±0.0 14.3±0.2 25.0±0.3 
   Grass/Clover 23.9±0.1 558±6.6 476±1.6 316±20.9 53.3±0.9 - - 
  Promyr mean 24.7a 331.4b 295.8b 310.8a 43.0b 15.6a 35.6a 
  Cotswold 26.0±0.1 326±8.7 275±74.4 375±13.3 42.9±1.6 17.1±2.9 59.4±8.0 
  Reznos 26.6±0.5 309±14 305±8.2 336±17.3 62.1±16.7 12.2±4.0 22.3±0.7 
  Teruel 23.5±0.1 280±6.3 248±3.6 253±4.2 39.9±0.3 17.4±3.7 25.0±n.a. 
   Grass/Clover 22.8±0.4 409±9.4 353±7.2 277±13.3 27.1±2.3 - - 
  PEG mean 23.6a 577.8c 525.4c 334.2a 57.9a 11.5b 21.5b 
  Cotswold 24.6±0.1 593±3.7 586±6.6 380±1.1 49.6±2.5 12.6±5.9 26.9±0.6 
  Reznos 24.4±0.4 586±17.6 523±18.6 418±30.6 65.9±4.0 7.5±2.3 17.0±0.6 
  Teruel 22.7±0.1 581±7.0 518±1.9 328±31.7 62.7±4.6 14.4±1.6 20.6±0.0 
    Grass/Clover 22.6±1.0 549±14.1 474±3.4 208±35.8 53.2±15.8 - - 

BSN=BufferSolubleNitrogen; TCA=TrichloroaceticAcid; AA=AminoAcid; NH3=Ammonia; ET=Extractable 
Tannins; PBT=Protein Bound Tannins (mean±SD)  
a,b,cMeans in the same column and group with different supercripts differ (P < 0.05) 
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Silage of Rumex OK2 as a renewable source of both energy and fodder 
R. Loucka1 and V. Jambor2  
1Institute of Animal Science, Pratelstvi 815, CS-104 00 Prague Uhrineves, Czech Republic, 
2Afeed a.s., Bratislava, Slovak Republic; Email: loucka.radko@vuzv.cz 
 
Introduction  Sorrel (dock) is known first of all as a vigorous weed, and also as a curative herb. 
Sorrels, like many weeds, have perhaps two hundred species. From them in principle odd fodder 
sorrel cultivated on Ukraine like high - quality fodder crops that in our country is used like 
renewable source energy and partly also to feed ruminants. Intake of fodder in ruminants can be 
influenced by sorrel content, but depends on the sorrel to fodder ratio (Derrick et al., 1993, 
Bruinenberg, 2006). Ensilability of sorrel is better if it is ensiled with additives. Hejduk and 
Dolezal (2004) tested the effect of adding lactic acid bacteria (LAB) to silage, and found 
significantly increased content of lactic acid and reduced pH value. The aim of our work was to 
determine the ensilability of sorrel. 
 
Materials and Methods The subject of study was the fodder dock “Schavnat”, Rumex OK2 
(Rumex tianshanicus x Rumex patientia), which is a potential source of renewable energy. 
Ensiling of that farming product were tested under the operation conditions of the Helvikovice 
sheep farm (in round packages) and in the laboratory of the Institute of Animal Science Prague 
(in special laboratory silos with a volume of 10 liters). At Helvikovice, Rumex was grown on 77 
hectares with yield of 6.6 t DM/ha and a gross energy content of 17 MJ/kg DM. The first harvest 
at full maturity was used as biomass for heating of buildings. The green mass from the second 
harvest was used for flush feeding of 78 Texel sheep as direct cut fodder (21 days). The ensilage 
was fed as additional fodder (0,5 kg/day) to supplement hay (3,5 kg/day) and was used for 
feeding to the same sheep during the winter period (70 days).  
 
Results and Discussion There were only minimal differences in contents of nutrients and 
fermentation products in ensilages prepared in the laboratory with and without additive (formic 
acid, 5 l/t) (Table 1) with the theoretical length of cut (TLC) of straw of 20 mm (4,09 or 3,79 pH, 
respectively). With the TLC of 40 mm, the results of fermentation were better in the ensilage 
with the additive (4.09 or 5.57 pH, respectively). At the sheep farm, Rumex was harvested in 
September with a dry matter content of 143 g/kg. It was ensiled with bacterial inoculant L. 
plantarum (1011 CFU/g, 10 g/t), and the drying back took 48 hours. The ensilages had the 
following values: DM 304 g/kg, potassium 10.8 g/kg, pH 3.96, lactic acid 1,5%, acetic acid 
0.1%, and oxalic acid 3.9% (Table 2a, 2b). The results of production efficiency and health of all 
the sheep were good and comparable to previous years. The consumption of oxalic acid by sheep 
was in the normal range published by Kalac and Mika (1997). Recently, Rumex ensilage 
(without additive) was successfully tested also as substrate for biogas production (Tyrolova et 
al., 2009). Model tests have already been performed for that purpose; the results were similar to 
the use of corn (Kara and Petrikova, 2008). 
 
Conclusions The result is this inquiry, it was possible, under certain condition, to ensile fodder 
sorrel with success. Sorrel silage may serve as a fodder for ruminant farm animals, as well as a 
renewable source of energy for biogas production. 
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Table 1. Effect of additive and theoretical length of cut (TLC) on Rumex silage 
Index Without additives With formic acid  (5 l/t) 
Theoretical length of cut  20 mm 40 mm 20 mm 40 mm 
pH 3.79 4.09 3.72 3.66 
Lactic acid % 0.52b 0.43b 0.07a 0.07a 
Acetic acid % 0.16b 0.07a 0.08a 0.06a 
Propionic acid  % 0.00 0.01 0.01 0.02 
Butyric acid  % 0.07 0.03 0.02 0.04 
Lactic acid / VFA 2.26:1 3.90:1 0.64:1 0.58:1 
Proteolysis 1.6 2.7 3.5 3.7 
a,bMeans in the same row with different superscripts differ (P ≤ 0.05). 
 

Table 2a. Chemical analysis of Rumex silage used for feeding sheep 
DM CP F CF A NFE NEL NEF PDIA PDIN PDIE 
g/kg   g/kg DM  g/kg DM  g/kg DM  g/kg DM g/kg DM MJ/kg MJ/kg g/kg DM  g/kg DM g/kg DM 

304.20 191.75 22.00  157.99  121.10 507.16 12.94 36.47 26.43 36.47 26.43  
DM=dry matter, CP=crude protein, F= fat, CF=crude fiber, A=ash, NFE=nitrogen-free extract, 
NEL=netto energy lactation, NEF=netto energy fattening, PDIA, PDIN, PDIE= protein 
digestible in the intestine (A=truly digested, N=allowed by N, E=by energy, resp.) 
 
Table 2b. Chemical analysis of Rumex silage used for feeding sheep 

Ca P Na K Mg 
Milk 
acid 

Acetic
acid 

Butyric
acid 

Oxalic 
Acid  pH N-NH3 

g/kg DM  g/kg DM  g/kg DM  g/kg DM  g/kg DM g/kg  g/kg  g/kg  g/kg     mg KOH/100g
10.48  3.22  0.21 35.38  3.32 14.66 1,44 0 39.8 3.96 1.06 

Ca, P, Na, K, Kg= minerals, N-NH3=proteolysis 
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Multivariate analysis of relationships between contents and digestibility of organic 
nutrients of maize hybrids  
R. Loucka1, V. Jambor2, and J. Hakl3 
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Republic; Email: loucka.radko@vuzv.cz 
 
Introduction  According to Andrae et al. (2001), maize hybrid, maturity stage, and processing 
affect corn silage digestibility. Di Marco et al. (2002) concluded that silage in vivo DM 
digestibility remained constant during changes in maturity because the decreasing NDF 
digestibility was compensated by starch accumulation in the grain. The goal of this study was to 
assess the correlations between organic nutrient contents and digestibility of fiber and other 
qualitative indicators. 
 
Materials and Methods Fifteen maize hybrids with different (FAO 210 – 300), grown in same 
conditions, and harvested at DM contents of 326 ±28 g/kg were analyzed for CP, fat, CF, ash, 
NFE, and starch, and NEL and NEV were calculated. Digestibility (DOM, DF, DNDF) was 
determined by sacco method according to Ahvenjarvi et al. (2000). Principal component analysis 
(PCA) was performed for evaluation using Canoco 4.5 (Leps and Smilauer, 2003).  
 
Results and Discussion The means and standard differences of measured parameters are shown 
in Tables 1 and 2. Based on these values, contents of net energy were calculated (Table 2). 
Results of PCA are shown in Figure 1. The first axes explain 41 % of values variability, 
positively correlated mainly NE, NFE, starch and DM. Negative correlation with first axe were 
observed for CP and fiber content. Digestibility of nutrients negatively correlated with the 
second axes, which explain 22 % of variability of values. It seems that DM and fiber digestibility 
had lower effect on energy content in comparison with content of organic nutrients. It could be 
connected with increasing of starch content. These results are in accordance with Andrae et al. 
(2001) and Di Marco (2002).  
 
Conclusion Starch and energy (NEL, NEV) contents increased but the contents of crude protein 
and fiber decreased with growing DM. Fiber and organic matter digestibility had lower effect on 
energy content in comparison with content of organic nutrients. The results are preliminary and 
the research will continue in subsequent years (project QI91A240).  
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Table 1. The basic nutritional values of maize hybrids 

 
DM, 
g/kg 

CP, 
g/kg DM 

Fat, 
g/kg DM

CF, 
g/kg DM

Ash, 
g/kg DM

NFE, 
g/kg DM 

NDF, 
g/kg DM 

Starch, 
g/kg DM

Avg 326 82 26 190 41 661 467 263 
SD 28 7 3 14 04 18 32 49 

DM = dry matter, CP = crude protein, CF = crude fiber, NFE = nitrogen free extract, NDF = 
neutral detergent fiber 
 
Table 2. Net energy and digestibility of maize hybrids 

 
NEL, 

MJ/kg DM 
NEV, 

MJ/kg DM 
DOM, 

% 
DNDF, 

% 
DCF, 

% 
Avg 6.6 6.7 70.6 54.3 53.3 
SD 0.1 0.2 4.4 6.1 5.9 

NEL = net energy lactation, NEV= net energy fattening, DOM = digestibility of organic matter, 

DNDF = digestibility of NDF, DCF = digestibility of CF 
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Figure 1. Ordination plot from PCA summarizing relationships between contents and 
digestibility of organic nutrients of maize hybrids 
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Effect of dry matter concentration and cheese byproduct on energy value of corn, 
conventional forage sorghum, and BMR forage sorghum silage 
M. A. Marsalis1, and F. E. Contreras-Govea2 
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Introduction  Historically, forage sorghum (FS) silage energy and digestibility have been lower 
than corn silage; and acceptance of FS among dairies and feedlots has been limited. Reduced 
irrigation might adversely affect the quality of silages grown in the semi-arid Southern High 
Plains of the USA. Forage sorghum silage nutritive value might be improved by additions of 
high energy material, such as liquid whey or lactose, prior to ensiling. The objectives of this 
research were to compare the nutritive value of conventional (C-FS) and brown midrib (BMR-
FS) FS and corn at two maturity stages under water restriction, and to assess the effects of adding 
a cheese byproduct on the energy value of silage from these three crops. 
 
Materials and Methods Crops were irrigated with 33 mm/wk, which was equivalent to a limited 
output well capacity of 96.5 m3/hr on 48.6 ha. All crops were harvested at two dry matter (DM) 
contents (35 and 42% DM); and three levels of cheese byproduct additions were imposed on 
harvested crops prior to ensiling. Byproduct (cheese industry permeate) additions were 0 (none), 
4.0 (low) and 7.5% (high) of the actual moisture content at harvest. Crops were ensiled for 42 d 
and analyzed for crude protein (CP), neutral detergent fiber (NDF), neutral detergent fiber 
digestibility (NDFD), non-fiber carbohydrates (NFC), and net energy for lactation (NEL). Liquid 
byproduct was 9.2% DM; and total sugars were 6.1% of the permeate DM. 
 
Results and Discussion The NEL of the silages was reduced at high DM content for all crops 
(Table 1); and NEL and NFC of C-FS and BMR-FS were lower than that of corn silages, even 
when harvested at DM contents higher than 40%. Forage sorghum maintained greater NDFD 
than corn; and NDFD of all crops was increased at late harvest. Digestibility of BMR-FS NDF 
was considerably greater than corn and C-FS. There was no consistent effect of byproduct on 
increasing NFC levels of the silage. This might have been due to the relatively low levels of total 
sugars contained in the permeate used. Byproduct addition improved NEL of the silage only in 
corn and in BMR-FS at high DM content (Figure 1). The high level of byproduct increased NEL 
of late harvest corn to the original NEL level (1.40 Mcal/kg) of corn harvested at the optimum 
DM content. The addition of cheese byproduct did not improve the energy value of sorghum 
compared to corn. 
 
Conclusions Although yield of corn might be compromised with reduced irrigation, quality of 
silage can be maintained at levels similar to or higher than FS. The energy value of crops might 
be consistently improved at higher levels of byproduct than were used in this study; however, 
adding large quantities of high-moisture byproduct to forage harvested at proper DM content for 
ensiling might compromise the ensiling process towards clostridia fermentation. 
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Table 1. Nutritive value of corn, conventional (C-FS), and brown midrib (BMR-FS) forage 
sorghum after ensiling (control treatment, no byproduct added)  

a,b,cMeans within a column and harvest with different letter are different (P < 0.05). Values are 
averages of 2 years. 
1SEM = standard error of the mean; n = 6 for each mean. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Post-ensiling net energy for lactation (NEL) of corn, conventional (C-FS), and brown 
midrib (BMR-FS) forage sorghum at two harvests and three liquid whey byproduct levels (none, 
low, and high). Data are means averaged over 2005 and 2006. Means with different letters within 
a crop and harvest are different (P < 0.05) 

Harvest/Crop CP NDF NFC NEL NDFD 

  g/kg  g/kg  g/kg Mcal/kg  g/kg NDF 

Optimum, 353 g/kg DM      

   Corn 90a 472c 369a 1.40a 530c 

   C-FS 76c 549a 295c 1.30b 591b 

   BMR-FS 78b 515b 331b 1.28b 679a 

SEM1 1 4 4 0.01 3 

Late, 423 g/kg DM      

   Corn 78a 469b 393a 1.36a 553c 

   C-FS 61b 534a 341b 1.25b 661b 

   BMR-FS 60b 548a 326c 1.25b 724a 

SEM 1 4 5 0.01 1 
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differing in grain to straw ratio 
E. McGeough1, 2, P. O’Kiely1, and D. A. Kenny2 

1Teagasc, Grange Beef Research Centre, Dunsany, Co. Meath, Ireland, 2School of Agriculture, 
Food Science and Veterinary Medicine, University College Dublin, Belfield, Dublin 4, Ireland; 
Email: emma.mcgeough@teagasc.ie 
 
Introduction  Traditionally, grass silage has been the primary component of beef cattle diets for the 
indoor/winter period in Ireland. Increased interest in the use of whole-crop wheat silage as an 
alternative winter feedstuff has been observed due to its potential, with good management, for high 
yields in a single harvest, relatively easy preservation with little effluent production and relatively 
high intake characteristics. The nutritive value of whole-crop wheat (WCW) is dependent on both its 
grain and straw components, which differ greatly in nutritive value. This study examined the effects 
of altering the grain to straw ratio of WCW silage on the intake and performance parameters of 
finishing beef steers and ranked these relative to grass silage and ad libitum concentrates.    
 
Materials and Methods Precision-chopped WCW was ensiled and subsequently separated into 
grain and straw using a combine harvester. These two components were then re-ensiled separately 
until feed out. Four WCW silage based diets were formulated at feed out and gave the following 
ratios of grain to straw: 11:89 (I), 20:80 (II), 31:69 (III) and 47:53 (IV). All four WCW silage diets, 
as well as grass silage (GS), were offered ad libitum to cattle and supplemented with 3 kg 
concentrates per animal per day. A sixth treatment, ad libitum concentrates (ALC), was used as a 
positive control and supplemented with 5 kg grass silage per animal per day. Ninety continental 
cross-bred steers, mean initial liveweight 538 (SD 27.6) kg were blocked for liveweight and 
assigned to one of the six dietary treatments in a randomised complete block design. Diets were 
offered individually over a 154 day period, after which animals were slaughtered and carcass data 
recorded. Carcass gain was estimated as the difference between final carcass weight and 0.5005 of 
initial live weight. All data were analysed by two-way ANOVA accounting for treatment and block 
using the GLM procedure of SAS, with linear and quadratic contrasts carried out across the four 
WCW treatments.  
 
Results and Discussion The mean (SD) chemical composition and particle length of the WCW 
silages are summarised in Table 1. Increasing the grain to straw ratio of WCW silage resulted in a 
quadratic response for both silage and total dry matter (DM) intake, while GS intake was lower (P < 
0.001) than all other treatments (Table 2). Liveweight gain of cattle offered WCW silage and GS 
was lower (P < 0.05) than for ALC. Carcass weight and gain increased linearly (P < 0.001) with 
increasing grain content in WCW silages, were lower (P < 0.05) than ALC, but similar to GS. 
Altering the ratio of grain to straw did not affect carcass fat score. Conformation score was higher 
(P<0.05) for WCW III than WCW II or IV and similar to WCW I. The GS diet resulted in similar 
conformation score to all WCW silage treatments while ALC was similar only to WCW III. 
Increasing grain content of WCW silage resulted in a quadratic response in perinephric and 
retroperitoneal fat level, with ALC displaying a higher (P < 0.05) value than WCW I, II, IV and GS. 
Feed conversion efficiency (carcass gain / DM intake) increased linearly with increasing grain to 
straw ratio, with GS similar to WCW III and IV and with ALC higher (P < 0.05) than all silage 
based treatments. 
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Conclusions Increasing the grain to straw ratio of WCW silage increased its nutritive value, with 
increasing rates of liveweight and carcass gains observed. Cattle offered GS were similar to WCW I 
and II in terms of liveweight and carcass gains, and carcass weight with all silage based options was 
lower than ALC. 
 
Acknowledgements Project funded by Research Stimulus Programme, Dept. of Agriculture, Food 
& Fisheries (RSF 05 224) 
 
Table 1. Chemical composition and particle length of WCW and grass silages (mean (SD)) 

 WCW treatment GS 
 I II III IV   

Chemical composition 
DM1 (g/kg) 448 (14.4) 489 (16.8) 536 (14.4) 574 (12.8) 238 (18.2) 
DMD2 (g/kg) 612 (22.0) 659 (16.9) 706 (17.6) 761 (26.9) 793 (28.5) 
Starch (g/kg DM) 155 (22.2) 268 (26.1) 353 (29.1) 436 (31.7) - 
NDF3 (g/kg DM) 524 (25.5) 444 (15.2) 379 (19.5) 310 (28.8) 513 (17.4) 
Particle length (g DM/kg DM) 
0 – 25 mm 789 (49.3) 853 (35.7) 884 (1.2) 897 (32.8) 176 (10.2) 
26 – 50 mm 111 (19.5) 99 (13.0) 81 (2.9) 55 (18.0) 258 (9.1) 
51 – 75 mm 74 (62.1) 28 (12.7) 21 (2.7) 29 (2.4) 207 (2.1) 
76 – 100 mm 15 (10.3) 16 (11.9) 7 (2.3) 8 (2.5) 169 (5.5) 
> 100 mm 11 (7.01) 4 (1.5) 7 (2.5) 12 (8.0) 189 (2.3) 
1 Uncorrected for volatiles; 2 Dry matter digestibility, measured in vitro; 3 Neutral detergent fibre 

 
Table 2. Feed intake and performance of finishing steers offered six dietary treatments  

 WCW treatment GS ALC1 SEM 2 Sig.3 
 I II III IV    

Silage DM intake (kg/d) 7.7 8.7 8.6 8.3 6.1 1.2 0.20 T, Q 
Total DM intake (kg/d) 10.3 11.2 11.2 10.8 8.7 10.8 0.22 T, Q 
Liveweight gain (g/d) 820 1046 1103 1043 929 1335 62.5 T, L, Q
Carcass gain (g/d) 577 650 765 757 664 915 33.9 T, L 
Carcass weight (kg) 359 370 387 386 372 410 5.3 T, L 
FCE4 56.2 58.2 68.7 69.7 75.9 84.9 2.80 T, L 
Kill-out (g/kg) 540 529 548 553 546 551 4.8 T, L 
Conformation5 2.93 2.87 2.23 2.80 2.93 3.27 0.116 T 
Fat score6 3.00 3.35 3.28 3.13 3.18 3.47 0.127 NS 
P & R fat 7 24.5 29.4 30.7 25.5 25.5 34.1 1.87 T, Q 
1Includes intakes during adaptation; 2s.e.m. for n = 15; 3L & Q = significant (P<0.05) linear & quadratic effect 
increasing grain to straw ratio of WCW silage, T = significant effect of treatment, NS = Non-significant; 4Fe
conversion efficiency expressed as kg carcass gain / 1000 kg DM intake; 5EU conformation classification sca
where 5 = best, 1 = poorest ; 6EU fat classification scale, where 5 = fattest, 1 = leanest; 7Perinephric 
retroperitoneal fat (g/kg carcass). 
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Effects of pre-wilting technique and additive on grass silage quality, intake and yield by 
dairy cows  
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Introduction  To increase the efficiency of forage harvests, double swathing has become a more 
common practice to use. However, this technique requires a longer wilting time and results in an 
uneven drying of the forage compared to wide spreading. The longer wilting time increases the 
time for respiration and proteolysis and the risk for bad weather conditions, which contribute to 
undesirable fermentation pathways during ensiling. Wide spreading can increase the risk for soil 
contamination during windrowing of the wilted forage before ensiling. Use of silage additives 
enhances silage fermentation, which can increase intake and potentially increase milk yield of 
dairy cows (Kung and Muck, 1997; Huhtanen et al., 2002). The aim of this study was to evaluate 
the effects of pre-wilting technique and additive on grass silage quality and on intake and 
production of high-yielding dairy cows. 
 
Materials and Methods The wilting methods of a third cut of grass silage in 2007 were wide 
spreading, single swath and double swath. The additive treatments were Promyr® NF (75% 
formic acid and formates in solution, 25% propionic acid; Perstorp Inc., Perstorp, Sweden) at 5 
litres/tonne herbage and Kofasil® Ultra (sodium nitrite, hexametylentetramin, sodium benzoate, 
sodium propionate; Addcon Europe GmbH, Bonn, Germany) at 3 litres/tonne herbage, which 
were compared to a control treatment without additive. Forages were chopped to 20-30 mm 
length, sprayed with additives on the chopper and ensiled in compressed round bales wrapped 
with six layers of plastic film. The trial was performed as an incomplete change-over design using 
three groups of 16 multiparous cows each and three 21-day periods. Intake and milk yield were 
measured during the last ten days and milk composition during the last four days of each period. 
Cows were 136 days in milk and averaged 2.1 lactations at start of the trial. The nine silage 
treatments were fed in total mixed rations containing 48% grass silage and 52% concentrate on 
dry matter (DM) basis. Dietary crude protein (CP), neutral detergent fiber (NDF), starch and fat 
averaged 18.4 (SD 0.32), 32.7 (SD 0.26), 17.2 (SD 0.06) and 5.0 (SD 0.02) % of DM intake. 
 
Results and Discussion Wide spreading resulted in more sugar (9.6 vs. 5.2% of DM, P = 0.04) 
than in swathed silages and less ammonia-nitrogen (6.8 vs. 9.8% of total N, P = 0.06) than in 
double swathed silage due to shorter wilting time [1 d vs. 2 (single) and 3 d (double)] and higher 
DM content (37 vs. 22 and 24%; P = 0.001). There was precipitation on the swathed grass, which 
resulted in lower DM contents of silages prepared from single and double swaths. Silage wilted 
by wide spreading increased the daily DM intake by 1.5 kg compared to silage wilted in double 
swaths (22.0 vs. 20.5, P = 0.05) without affecting milk yield (Figure 1) and milk composition (on 
average 4.06% fat, 3.29% protein, 5.40 mM urea and 4.83% lactose). The drier silage from wide 
spreading produced less lactic acid (8.9 vs. 13.8% of DM) and had a higher pH (4.8 vs. 4.3) than 
the silages that had been swathed during wilting. Additive-treated and untreated silages had 7.2 
and 8.9% ammonia-N of total N, 7.6 and 5.0% sugar of DM, 12.6 and 11.4% lactic acid of DM 
and pH values of 4.4 and 4.5, respectively. Acetic acid concentration was low (1.5% of DM) and 
did not differ among silages. There were less than 0.5% ethanol of DM, only traces of propionic 
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acid, no butyric acid and less than 100 colony-forming units of clostridial spores/g of sample in 
the silages with no differences among treatments.  Silages contained, on average, 44.3% NDF and 
16.8% CP of DM. Thus, all silages were of good nutritional and hygienic quality. Despite only 
minor improvements in silage fermentation, additive-treated silage increased the daily DM intake 
by 1.5 kg (21.7 vs. 20.2 kg, P < 0.01) and the daily milk yield by 0.5 kg (P = 0.06, Figure 1) 
without affecting milk composition (4.04 vs. 4.10% fat, 3.29 vs. 3.28% protein, 5.41 vs. 5.40 mM 
urea and 4.84 vs. 4.83% lactose). Hence, improved DM intake of treated silage might be 
explained by other quality characteristics of the silage that were not measured in this study. The 
relatively small effect on milk yield by use of silage additive and the lack of response on milk 
yield of pre-wilting technique despite an increased intake might be related to a build up of body 
reserves, especially as the cows already produced ca. 40 kg milk daily. However, cows were not 
weighed or scored for body condition during the trial. The cows converted the feed into milk very 
efficiently with a feed conversion ratio of ca 2. kg energy-corrected milk per kg of DM intake. 
 
Conclusions Grass silage should be pre-wilted by wide spreading and ensiled with addition of a 
chemical additive. 
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Figure 1. Effects of pre-wilting technique and silage treatment on daily milk yield of dairy cows. 
Effect of pre-wilting technique was non-significant and effect of additive tended to be significant 
(P = 0.06). 
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Introduction  Methane (CH4) is a by-product of enteric fermentation in ruminants. It represents 
an energy tax on the animal of up to 8.5% of gross energy intake and accounts for 13.2% of 
Ireland’s total greenhouse gas emissions. Multiple factors influence CH4 formation in the rumen, 
with diet being particularly important in altering both microbial populations and fermentation 
products. The rumen simulation technique (RUSITEC) is an in vitro assay used to study rumen 
fermentation including CH4 production. Incubations of 21 d duration are frequently used but a 
shorter interval of 14 d confers logistical advantages. This experiment was designed to assess the 
impact of reducing the incubation period (14 vs. 21 d) for a range of diets when using the 
RUSITEC technique. 
 
Materials and Methods The RUSITEC technique was operated as described by Czerkawski and 
Breckenridge (1977). The methanogenic potential of four contrasting diets (1) [grass hay + wheat 
grain at 50:50 on a dry matter (DM) basis, (2) perennial ryegrass, (3) red clover and (4) grass 
silage] was assessed during two incubation periods (14 vs. 21 d). Two sets of RUSITEC 
apparatus (Sanshin Industrial Co. Ltd., Japan), each with 8 incubation vessels (each of 850 ml 
capacity), were used. Four replicates per diet, two per set, were assigned randomly. Each vessel 
was fed daily with a nylon bag containing 10.2 g DM of the appropriate diet, and these bags were 
replaced after 48 h incubation. Vessels were immersed in a water bath at 39˚C. On day 1, rumen 
liquor and solid digesta were collected from two rumen fistulated steers fed on grass silage, 
pooled and placed in the vessels as an initial inoculum. Artificial saliva (McDougall, 1948) was 
supplied to each vessel at a flow rate of 25 ml/h using a peristaltic pump. Total daily gas 
production was measured, and gas and overflow liquid samples were taken, during days 10 to 14 
and 17 to 21, for 14 d and 21 d incubation periods, respectively. Total volatile fatty acid (tVFA) 
and CH4 concentrations were determined by gas chromatography (Shimadzu GC-17A with FID 
detector) and ammonia (NH3) was measured using the Thermo Electron Kinetic method for 
plasma ammonia (Olympus AU400 Analyzer). Apparent dry matter digestibility (DMd) was 
measured as disappearance of DM during a 48 h incubation. Results from each vessel were 
averaged for days 10–14 and for days 17–21. Data were subjected to a repeated measures 
procedure, with diet, duration of incubation, apparatus, and diet x duration of incubation 
interaction included in the model as fixed factors. Data from one vessel were omitted due to a 
system malfunction in that vessel. All statistical analyses were conducted using the PROC 
MIXED procedure of SAS version 9.1. Multiple comparisons among means were performed 
using Tukey-Kramer’s procedure. 
 
Results and Discussion The main results are summarized in Table 1. Methane output was lower 
while total gas production was higher (P<0.05) after 14 d compared to 21 d of incubation, but no 
interaction (P>0.05) with diet was detected. Dry matter disappearance was affected (P<0.05) by 
incubation duration, with the value for ryegrass being significantly higher after 14 than 21 days 
duration; an interaction between diet and duration of incubation was detected (P < 0.05). A 
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decrease in tVFA production (P<0.001) occurred with the longer duration of incubation and this 
partially explains the corresponding decline in total gas production. Ammonia production as a 
result of protein degradation by rumen microbes did not differ (P>0.05) between the two 
durations of incubation. Diet significantly affected all variables measured. The high starch 
content diet, hay + wheat, and the red clover produced more CH4 /g digested (P<0.05) than either 
ryegrass or grass silage. The finding that the high starch diet produced more CH4 than grass or 
grass silage was unexpected, but it is not unprecedented and agrees with previous findings 
(Klevenhusen et al., 2008). 
 
Conclusions Although CH4 yield differed significantly with duration of incubation the absence 
of an interaction between diet and duration of incubation gives encouragement that studies on 
methanogenesis with contrasting diets can be undertaken with a 14 d rather than a 21 d 
incubation period. The high starch diet (hay + wheat) and the red clover had a higher 
methanogenic potential than either grass or grass silage when assessed using the RUSITEC. 
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Table 1. Rusitec fermentation characteristics of four diets after 14 and 21 days incubations 

 Diets1 SEM2 P-value2 
Variable H+W L G S  Dur. Diet DxD  Dur. Diet DxD 

CH4 ml/g dig      2.9 4.1 5.8  0.0022 <0.001 0.312 
14 d 54 48 42 38         
21 d 55 52 42 42         

TGP ml/g dig      0.9 1.3 1.8  0.029 <0.001 0.133 
14 d 247 218 203 206         
21 d 237 222 193 199         

DMd g/g      0.0029 0.0042 0.0059  0.029 <0.001 0.017 
14 d 0.660 0.721 0.785 0.765         
21 d 0.670 0.705 0.817 0.782         

tVFA mmol/d      2.1 2.9 4.1  <0.001 0.035 0.123 
14 d 134 123 139 151         
21 d 118 114 118 127         

NH3 mg /g      0.9 1.3 1.8  0.427 <0.001 0.241 
14 d 9 17 30 10         
21 d 8 14 31 9         

TGP = total gas production; CH4 = methane production; DMd = dry matter disappearance; tVFA 
total volatile fatty acids; NH3 = ammonia.  
1H+W =Hay + wheat 50:50 on dry matter basis, L = red clover, G = ryegrass and S = grass silage. 
2 Dur. = Duration of incubation 14 vs.21 d, DxD = duration of incubation x diet type interaction. 
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Introduction  Potato hash,  a by-product of the potato food producing industry, is available as an 
animal feed. It contains 150 g/kg DM, 700 g/kg DM starch, 11.2 ME MJ kg DM, and 105 CP 
g/kg DM (Nkosi, 2009). High volumes (± 5 tons) of this by-product are produced daily. However, 
if it is not consumed in a short time by animals, it gets moldy and becomes useless for animal 
feeding. Ensiling can be an efficient way of preserving wet by-products, if all essential steps are 
followed (Kayouli and Lee, 1999). Potato by-products have been ensiled with or without lactic 
acid bacteria (LAB) (Nicholson et al., 1977), but poor aerobic stability was observed. Research 
has shown that heterolactic inoculants improve the aerobic stability of silage by the production of 
acetic acid (Nkosi et al., 2009).The objective was to evaluate the effects of ensiling potato hash 
with a heterolactic LAB inoculant (Lalsil fresh LB, LFLB) on the fermentation quality, aerobic 
stability, and digestibility in lambs. 
 
Materials and Methods Total mixed rations (TMRs) containing 80% potato hash were ensiled 
with or without Lalsil Fresh LB (Lactobacillus buchneri NCIMB 40788, Lallemand SAS, France) 
in 210 L drums for 3 months. Ten g of the inoculant was dissolved in 2 L water (4 h before 
application) and sprayed at 2 L per ton of fresh TMR to obtain 6 x 105 cfu/g fresh material. The 
control silage was produced by spraying 2 l of water per ton of TMR. Silage samples were 
collected and analyzed for dry matter (DM), pH, lactic acid (LA), acetic acid (AA), propionic 
acid (PA), butyric acid (BA), and ammonia-N (NH3). Aerobic stability was measured by exposing 
silage to air for 5 d (30 °C); and pH, yeast counts, and CO2 production were determined. Silage 
was fed ad libitum to 16 South African Dorper rams (37.2 ± 2.2 kg liveweight) individually with 
8 replicates per treatment. Rams were adapted to the diets and metabolism crates for 14 days, 
followed by a 7-day collection period (digestibility study). Data was analysed in a completely 
randomized design for ANOVA, using Genstat (2000).  
 
Results and Discussions The LFLB  inoculated TMR silage had higher (P<0.05) DM, LA and 
AA, and a lower (P<0.05) BA and NH3 contents (Table 1). When exposed to air, lower (P<0.05) 
yeast counts (4.67 vs. 6.59 log10) and CO2 (0.27 vs. 2.36 g/kg DM) were obtained in the LFLB 
treated silage. This improved aerobic stability with LFLB inoculated TMR agrees with Nishino et 
al., (2004). Lambs fed LFLB silage had higher (P<0.05) intakes, which could reduce the 
digestibility of the LFLB silage (Table 2). The digestibility of DM, organic matter (OM), energy, 
crude fiber (CF), and nitrogen (N) was improved with LFLB inoculant.  
 
Conclusions LFLB is effective in producing a better quality by-product silage, as indicated by the 
improved fermentation, aerobic stability, and digestibility of the TMR potato hash silage.  
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Table 1. Effects of inoculation on the fermentation quality and aerobic stability of ensiled potato 
hash diets after 90 days of storage 
 
Item 

Treatments 
        Control                     LFLB 

 
SEM 

DM, g/kg 340.0b 360.5a 7.40 
PH 3.83 3.82 0.018 
WSC g/kg DM 4.39b 6.27a 0.685 
LA g/kg DM 92.8b 97.9a 1.79 
AA g/kg DM 6.06b 15.24a 0.526 
PA g/kg DM 0.96b 1.76a 0.159 
BA g/kg DM 5.34a 3.11b 0.099 
Ammonia-N (% TN) 0.78a 0.42b 0.011 
pH 4.27 3.91 0.154 
Yeast log10 6.59a 4.67b 0.025 
CO2 g/kg DM 2.36a 0.27b 0.085 
a,b Means in the same row with different superscripts differ significantly (P<0.05). 
 
Table 2. Effects of inoculation on intake and digestibility of ensiled potato hash diets 
 
Item  

Treatments 
  Control                          LFLB 

 
SEM 

Intake, g/lamb/day 
DM 

 
723b 

 
1,318a 

 
84.4 

OM 650b 1,186a 29.6 
Digestibility coefficients, % 
DM 72.45b 77.82a 1.27 
OM 76.3b 79.6a 2.18 
CF 67.1 67.4 2.90 
DE, MJ/kg 67.9b 71.3a 2.33 
a,b, Means in the same row with different superscripts differ significantly (P<0.05) 
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Effects of ensiling whole crop maize with or without Lalsil fresh LB on the fermentation, 
aerobic stability and growth performance of rams 
B. D. Nkosi1* R. Meeske2, T. Langa1, and I. B. Groenewald3  
1ARC-LBD: Animal Production Institute, P/Bag x2, Irene, 0062, South Africa, 2Outeniqua 
Research Farm, P.O. Box 249, George, 6530, South Africa, 3Centre for Sustainable Agriculture 
& Rural Development, University of the Free State, South Africa.; Email: Dnkosi@arc.agric.za 
 
Introduction  Maize (Zea mays) is the most popular cereal crop conserved as silage in many 
parts of the world (McDonald, 1981), and can be ensiled without the use of additives (Honig and 
Daenicke, 1993). However, the silage is very prone to spoilage when exposed to air due to the 
metabolism of lactic acid by yeasts (Reis et al., 2005). Research has shown that the inoculation 
of silage with heterofermentative lactic acid bacteria (LAB) can improve the aerobic stability of 
maize silage and subsequently improves animal performance (Nkosi et al., 2009, Ranjit et al., 
2002). The objective of the present study was to determine the effects of Lalsil Fresh LB, a 
heterofermentative LAB inoculant on whole crop maize silage fermentation and growth 
performance of lambs. 
 
Materials and Methods Whole crop maize (288 DM g/kg) was ensiled with or without Lalsil 
Fresh LB-LFLB (Lactobacillus buchneri NCIMB 40788, Lallemand SAS, France) in 210 L 
drums for 3 months. A 10 g of the inoculant was dissolved in 2 L water (4 h before application) 
and sprayed at 2 L per ton of fresh TMR to obtain at least 3 x 105 cfu/g fresh material. The 
control silage was produced by spraying 2 L of water per ton of TMR. The silage was analyzed 
for dry matter (DM), water-soluble carbohydrates (WSC), pH, lactic acid (LA), acetic acid (AA), 
butyric acid (BA) and ammonia-N (NH3). Aerobic stability test was done by exposing silage to 
air for 5 days at ambient temperature (30°C) and CO2 production was determined. Silage was fed 
ad libitum for 63 days to 16 South African Dorper rams (20.60 ± 0.618 kg BW) with 8 replicates 
per treatment, and supplemented with 500 g concentrate daily. Feed intake was measured daily 
and body weights was measured at the start and continued weekly until the end of the trial. Data 
was analysed for the analysis of variance (ANOVA) using Genstat (2000). 
 
Results and Discussion Compared to the control, LFLB treated silage had a higher (P < 0.05) 
WSC, LA and AA and a lower (P<0.05) pH, BA and NH3 contents (Table 1). Lower (P < 0.05) 
CO2 production (2.81 vs 7.36 g/kg DM) was obtained in the LFLB compared to the control, 
which supports the work of Filya (2003). The growth performance of lambs (Table 2) was 
improved (P < 0.05) by inoculating silage with LFLB silage as indicated by the observed higher 
(P < 0.05) feed intakes, higher final body weights and average daily gains (189 vs 154 g/d) 
compared to the control. This agreed with the work of Ranjit et al., (2002) when lambs were fed 
on maize silage treated with L. buchneri NCIMB 40788 . 
 
Conclusions It is concluded that LFLB inoculation improved both the silage quality and lamb 
growth performance. 
 
Acknowledgement The authors would like to thank Lallemand SAS (Cedex, France) for 
providing with the inoculant, Lalsil Fresh LB.  
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Table 1. Effects of LFLB inoculant on the fermentation dynamics and aerobic stability of whole 
crop maize silage after 90 days of fermentation (n = 3) 
Item Treatment 

          Cont                           LFLB 
 
             SEM 

DM, g/kg 295.6 275.5 5.73 
pH 4.30a 4.09b 0.019 
WSC, g/kg DM 10.60b 20.20a 0.845 
Lactic acid, g/kg DM 53.74b 73.05a 0.622 
Acetic acid, g/kg DM 3.44b 24.12a 0.765 
Butyric acid, g/kg DM 0.145a 0.030b 0.0065 
Ammonia-N, (% TN) 0.090a 0.035b 0.0184 
CO2 , g/kg DM 7.36a 2.81b 0.278 
a,b Means in the same row with different superscripts differ significantly (P<0.05) 
 
 
Table 2. Feed intake (g /lamb/d) and growth performance of lambs fed whole crop maize silage 
treated with or without LFLB inoculant (n = 8) 
Item Treatment 

          Cont                               LFLB 
 
            SEM 

DMI  790.2b 917.3a 41.94 
OMI 711.3b 825.09b 59.5 
CPI 72.8b 84.21a 2.461 
IBW kg 21.14 20.12 0.618 
FBW kg 32.89b 36.63a 1.169 
ADG g/d 154b 189a 0.02 
FCR kg/kg 5.13 4.85 1.566 
a,b Means in the same row with different superscripts differ significantly (P<0.05) 
DMI, dry matter intake; OMI, organic matter intake; CPI, crude protein intake; IBW, initial body 
weight; FBW, final body weight; ADG, average daily gain; FCR, feed conversion rate 
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Ensiling energy crops without plastic film cover: Part 1. Effects on silage quality 
Hj. Nussbaum 
Agricultural Research & Education Centre Baden-Wuerttemberg, 88326 Aulendorf, Germany; 
Email: hansjoerg.nussbaum@lazbw.bwl.de 
 
Introduction  Ensiling is based on anaerobic lactic acid fermentation. Large quantities of energy 
crop silages like maize silage that are destined for biogas are stored without a plastic film cover 
to reduce costs and increase work efficiency (Nussbaum, 2007). However, storing silage without 
sealing increases loss of dry mass (DM) and adversely influences silage quality (Lisker et al., 
1989; Muck, 1999; Savoie et al., 2003; Denoucourt et al., 2004; Holmes, 2006). Our objective 
was to study the effects of alternatives to  ‘natural covering’ on maize silage quality. 
 
Materials and Methods In a two-year project (2006 -2008), maize silages without plastic film 
covering on 6 biogas farms were analyzed in year-round tests for density (Pioneer sample driller), 
temperature (sensor full length 1.5 m), energy content (laboratory analysis), fermentation 
products (HPLC) and biogas yield (Hohenheim Biogas Yield Test) every 3-4 weeks. The 
samples were taken from 3 different layers (1) 20, (2) 50 cm from the top and (3) 50 cm from the 
bottom of the pile. The clamp heights ranged from 3 to 15 meters. Some of the silage clamps 
were covered with organic materials like liquid manure, chopped oilseed radish (Raphanus 
sativus ssp. oleiformes), chopped feed sorghum (Sorghum sudanense) or autumn-sown cereals or 
rape. 
 
Results and Discussion Rainfall (700-900 mm a year) and air easily infiltrate silages without a 
plastic film cover, even when alternative ‘natural covering’ is used. This leads to increased 
spoilage caused by molds, yeasts and bacteria, reduced density, increased silage temperature 
(Table 1) and a loss in energy and protein concentration (Table 2). These effects are more 
evident in the top layers, for instance like crude ash, crude fibre (CF), an index of poor 
digestibility was highest at the top of the clamp while crude protein, CP) was highest at the 
bottom. The wide range within the layers results from the ongoing deterioration over the year 
and the different clamps. High feeding values were evaluated immediately after harvest and 
depressed energy contents at the end of the storage period. The maximum heating was within 6-8 
weeks after harvesting, low in winter and higher again in spring and summer. 
 
In most cases, lactic acid and ethanol content increased from top to bottom, while pH-value as 
well as acetic and butyric acid contents decreased. The additional DM-losses compared to those 
for clamps with plastic covers were calculated to be at least 15 % (absolute). Real DM-losses are 
higher, as the examined layers deteriorated to an equivalent corresponding to at least 2 to 3 
layers of non-deteriorated silage. The energy losses are underestimated, as samples were taken 
from a constant distance from the top edge of the pile. This “ground line” shifted downwards 
with the ongoing deterioration. 
 
Conclusions Ensiling without plastic film covering is not recommended due to the fact that air 
and rainfall infiltration in combination with reduced density lead to increased spoilage and 
considerable DM and energy losses, particularly at high silage temperatures. Covering with 
organic material does not provide a watertight or airtight seal; therefore such materials are not 
good alternatives to plastic film covers on silage clamps. 
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Table 1. Yearly average temperature (°C), density (kg DM/m3) and fermentation quality (% 
DM) of maize silage sampled from different layers of six clamps without plastic covers 

   Temperature 
°C 

Density  
kg DM/m3 

pH lactic 
acid 

acetic 
acid 

butyric
acid 

etha-
nol 

Year Layer n ∅ min max ∅ min max ∅ min max ∅ min max ∅ ∅ ∅ 
06/07 1 83 25 5 55 144 66 270 4.2 3.6 7.7 2.6 0.1 5.7 2.0 0.2 0.8 

 2 83 24 9 58 180 77 282 4.0 3.7 5.4 4.0 0.0 6.8 2.2 0.1 1.3 
 3 83 22 10 35 242 157 323 3.8 3.6 4.2 5.7 0.6 9.4 1.7 0.0 1.8 
                  

07/08 1 71 26 7 53 143 82 226 4.0 3.6 5.7 2.6 0.0 5.8 2.1 0.2 0.9 
 2 71 23 9 45 173 101 257 3.9 3.5 5.8 4.1 0.1 4.9 2.4 0.1 1.6 
 3 72 21 10 34 243 156 303 3.8 3.6 5.3 5.6 0.2 5.5 1.8 0.0 2.3 

∅ = Mean 
 
 
Table 2. Yearly average dry matter content (%) and feeding values (CP, CF, CA, energy 
content) of maize silage sampled from different layers of six clamps without plastic covers 

   DM CP* CF* CA* NEL 
   % % DM % DM % DM MJ/kg TM 

Year Layer n ∅ min max ∅ ∅ min max ∅ ∅ min max
06/07 1 83 28.0 25.1 32.4 7.0 25.5 18.4 38.6 5.1 5.8 5.4 6.2 

 2 83 30.0 28.5 33.2 7.3 24.2 18.9 36.5 4.9 5.9 5.7 6.3 
 3 83 32.1 29.8 33.1 7.5 23.4 17.2 29.5 4.7 6.0 5.8 6.3 
              

07/08 1 71 27.4 18.5 38.2 5.8 26.5 19.8 35.5 5.0 5.7 4.8 6.5 
 2 71 29.4 21.2 38.0 6.1 24.9 19.0 34.6 5.0 5.8 5.0 6.5 
 3 72 33.1 27.4 38.3 6.7 24.0 17.9 30.2 5.0 5.9 5.2 6.7 

* CP crude protein; CF crude fibre; CA crude ash, ∅ = mean 
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Ensiling energy crops without plastic film cover: Part 2. Effects on biogas yield 
Hj. Nussbaum 
Agricultural Research & Education Centre Baden-Wuerttemberg, 88326 Aulendorf, Germany;  
Email: hansjoerg.nussbaum@lazbw.bwl.de 
 

Introduction  Forage crops are sometimes ensiled without the cover of plastic film. Ensiling 
without plastic film has effects on silage quality and amount of fermentation loss. The 
consequences on biogas and methane yields remain unclear. 
 

Materials and Methods In a 2-year project, biogas and methane yields from maize silages wit 
out a plastic film cover were tested every 3-4 weeks during an entire year on six biogas farms. 
The samples were taken from three different layers: 1) 20, 2) 50 cm from the top, and 3) 50 cm 
from the bottom of the silage piles. The investigation method was a laboratory biogas fermenter 
called HBT (Hohenheim Biogas Yield Test, which was developed at the University of 
Hohenheim). In this test, 400 mg of silage dry matter (DM) were fermented at 37 °C in 30 g of 
biogas slurry. The quantity of biogas and methane concentration was measured nine times in 35 
days. 
 

Table 1. Energy content of maize silage without plastic film covering, methane content (vol-%), 
yield of biogas and methane (m³/kg organic DM) in year 1 (2006-2007) and year 2 (2007-2008) 

Farm Layer n NEL Biogas yield Methane  Methane 
    MJ/kg DM m³/kg  ODM vol-% m³/kg ODM 
  y1 y2 y1 y2 y1 y2 y1 y2 y1 y2 
1 1 15 14 6.00 5.79 0.696 0.720 51.7 52.4 0.360 0.386 
 2 15 14 6.11 5.93 0.706 0.725 52.1 52.2 0.367 0.381 
 3 15 14 5.98 6.00 0.709 0.719 52.6 52.3 0.373 0.381 
2 1 13 12 5.89 5.50 0.704 0.730 51.7 52.7 0.364 0.391 
 2 13 12 6.11 5.75 0.706 0.732 51.8 52.9 0.366 0.387 
 3 13 11 6.26 5.97 0.717 0.715 52.0 52.6 0.372 0.385 
3 1 14 13 5.87 5.64 0.705 0.725 51.58 52.1 0.365 0.385 
 2 14 13 5.94 5.95 0.709 0.734 51.83 52.2 0.367 0.389 
 3 14 12 5.87 6.14 0.705 0.723 51.91 52.3 0.366 0.384 
4 1 13 13 5.01 5.29 0.632 0.716 52.99 52.9 0.335 0.380 
 2 13 13 5.19 5.47 0.660 0.722 52.75 52.9 0.348 0.384 
 3 13 14 5.56 5.57 0.690 0.706 52.51 53.2 0.362 0.379 
5 1 13 10 5.80 5.80 0.692 0.735 51.72 52.7 0.358 0.386 
 2 13 10 5.96 5.88 0.704 0.730 51.87 52.5 0.365 0.383 
 3 13 10 6.23 6.09 0.708 0.719 51.91 52.2 0.367 0.375 
6 1 12  6.18  0.716  51.88  0.372  
 2 12  6.18  0.710  52.01  0.369  
 3 12  6.18  0.707  52.04  0.368  
7 1  10  6.00  0.744  52.5  0.391 
 2  9  6.02  0.740  52.4  0.387 
 3  12  5.88  0.728  52.7  0.383 

average 1 80 72 5.79 5.70 0.691 0.727 51.9 52.5 0.359 0.386 
 2 80 71 5.91 5.82 0.699 0.730 52.1 52.5 0.364 0.385 
 3 80 72 6.01 5.93 0.706 0.718 52.2 52.6 0.368 0.381 
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Results and Discussion Biogas and methane yield as well as methane content barely differed 
between the layers (Table 1), referred to organic dry matter (ODM). This is due to the fact that 
the samples were orientated to the current top edge of the silage pile. This “ground line” shifted 
downwards with the ongoing deterioration. On individual farms an increase in biogas and 
methane yield could be observed from top to bottom. The effects are clearer when the energy 
concentration in the prevailing layer is lower. Energy content and biogas yield are positively 
correlated (Figure 1).  
 
Conclusions Biogas and methane yield based on organic DM as well as methane content barely 
differed between the layers although the silages had differences in energy content and  
fermentation quality. The deciding reason is that the biogas fermenter converts almost all kind of 
digestible organic mass into biogas. What matters is more the quantity than the quality of  
biomass. Total losses in DM and energy have effects on methane and economical yield per  
hectare. Losses in organic mass can and should be avoided by optimal ensiling with a plastic film 
covering. 
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Figure 1. Energy content of maize silage without plastic film covering and specific methane 
yield (m³/kg organic DM) in year 1 (2006-2007 ) and year 2 (2007-2008 ) 
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Effects of different fermentation products on dynamism and yield of biogas 
Hj. Nussbaum 
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Introduction  Biogas production based on energy crops is very common in Germany. The 
question when using silage additives at ensiling is, whether the kind of fermentation and 
consequently the different fermentation products (lactic acid, acetic acid, butyric acid, ethanol, 
1.2 propanediol) have effects on the specific methane yield and the methanogenic condition. 
 
Materials and Methods In HBT laboratory, biogas batch-fermentors (Hohenheim Biogas Yield 
Test – developed at the University of Hohenheim), 30 g of biogas slurry were inoculated with 
different fermentation products [lactic acid (LA), acetic acid (AA), butyric acid (BA), ethanol 
(E), 1.2-propanediol (PD)] of different quantities (0.1, 0.2, 0.3 ml) and were fermented at 37 °C 
for 35 days. These fermentation products were used alone and in combination with maize silage 
(MS; total 368 mg DM). The fermentation products have different specific density, so different 
absolute (mg) and relative (% of 368 mg DM) quantities were added per 0.1 ml: LA 14.95 mg 
(4.1 %), AA 13.13 (3.6), BA 11.98 (3.3), PD 12.97 (3.5), E 9.88 (2.7). Biogas yield and methane 
content were captured once or twice a day in week one, then once a week, all together nine times. 
 
Results and Discussion Biogas yield increased proportionally (Table 1) with increasing amounts 
of additives (0.1, 0.2, 0.3 ml). Differences were found among the fermentation products (Table 
2) in specific methane content (vol.-%) and methane yield (m³/kg organic DM(oDM)). Ethanol 
led to high methane content (75 %), followed by PD (68.6 %) and BA (66.3 %). There are no 
significant differences in methane content among LA (59.0 %) and AA (61.6 %). The same 
sequence exists for biogas and methane yield. The specific methane yield (m³/kg oDM) is 
significantly higher in AA (0.396) than in LA (0.305). Under conditions of practice the 
fermentation products come into the biogas fermentor together with silage. In relation to the 
oDM in maize silage (368 mg) the additives made up only 2.7 % (0.1 ml E) to 10.6 % (0.3 ml 
PD) of the substrate. As a result, the added fermentation products had very small effects in 
combination with maize silage (Figure 1). As the total amount of additives was small, only 
limited statements can be made concerning the dynamics of methane generation. The alcohols (E, 
PD) had very rapid effects on methane fermentation. This seems to be a little advantage of AA 
over LA. But in combination with maize silage there are small differences in the dynamics of the 
methane fermentation, because the total amount of oDM in maize silage dominates the added 
fermentation products. This, however, is always the case under conditions of practice. 
 
Conclusions In the biogas process, acetic acid is the precursor of methane. The question when 
using silage additives is, whether the kind of fermentation has effects on the biogas fermentation. 
The HBT biogas test detected differences among fermentation products regarding methane 
content, biogas and methane yield. Biogas yield increased proportionally with increasing 
amounts of additives. Differences in specific methane content and methane yield existed between 
typical fermentation products. As the amount of additives was small, only limited statements can 
be made concerning the dynamics of methane generation. In combination with maize silage there 
are little differences in biogas yield, methane content, methane yield and in methanogenic 
dynamics among the additional fermentation products, because the total amount of organic DM 
in maize silage dominates the added fermentation products. 
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(“silage additives at ensiling energy crops”) 
 
Table 1. Effect of different fermentation products on biogas yield (ml), methane content (vol.-%) 
and specific methane yield (m³/kg organic DM) 
 biogas (ml)  methane specific yield m³/kg organic DM 
    content biogas methane 
additive n1 0.1 0.2 0.3 n2 vol.-% average average min max 
lactic acid 3 4.7 9.8 16.5 7 59,0a 0,594a 0,350a 0,305 0,395 
acetic acid 3 4.6 8.8 16.1 7 61,6a 0,644a 0,396b 0,365 0,438 
butyric acid 3 5.4 13.6 20.3 9 66,3x 0,794x 0,527x 0,427 0,598 
propane-diol 3 7.1 14.6 19.8 9 68,6x 0,784x 0,538x 0,468 0,639 
ethanole 3 6.8 10.9 18.9 4 75,0 0,971 0,728 0,675 0,769 

stat. evaluation between LA-AA: LSD 3,36 0,05 0,03   
stat. evaluation between BA-PD: LSD 3,42 0,07 0,06   

a, b, x means in the same column with different superscripts differ (P ≤ 0.05) 
1each 3 replications per 0.1, 0.2, 0.3 ml; 2methane content: not all replications could be evaluated 
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Figure 1. Effect of different fermentation products on specific methane yield (m³/kg organic 
DM), added to biogas fermentor without  or together with  maize silage. 
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Fiber analysis of coarsely ground corn plant components within in situ Dacron bags. 
L. J. Nuzback, W. M. Rutherford, and F. N. Owens 
Forage Additive Research, Pioneer Hi-Bred International Inc., A DuPont Company, 7300 NW 
62nd Ave., Johnston, IA 50131-1004, U.S.A.; Email: fred.owens@pioneer.com 
 
Introduction  To predict ruminal digestion of plant components, masticated or coarsely ground 
(6 mm) dry samples typically are incubated in the rumen inside Dacron bags with a 50 micron 
pore size.  In contrast, analysis by automated aNDF procedures employs finely ground (1 mm) 
samples in stiff Dacron (F-57; 25 micron) bags.  Fine grinding often decreases NDF and 
hemicellulose recovery (Ehle, 1984), increases in situ loss (Johnson et al., 2002), and results in a 
mean particle size uncharacteristically small compared with either masticated samples or ruminal 
contents (Sapienza, 2008).  In contrast, ruminal incubation of samples within F-57 bags 
presumably restricts water, gas, and protozoal movement or penetration.  Sample transfer and 
grinding of in situ residues for aNDF analysis complicates the analytical process and reduces 
statistical precision for estimating NDFD.  Hence, direct analysis for fiber components within in 
situ bags would be preferable.  This experiment was designed to determine if the NDF content of 
samples of corn plants ground at 6 mm and assayed within 50 micron pore size bags would 
match those for samples assayed for aNDF by standard procedures at a commercial laboratory. 
 
Materials and Methods Residue weight was measured after a modified NDF (ONDF) 
procedure using two sample sets: 288 samples (whole plant and seven different corn plant parts 
from 3 hybrids harvested on 3 dates from 4 plots) and 90 whole corn plant samples (11 hybrids 
harvested between 22 and 50% DM).  For ONDF analysis, 4 replicate 0.5 g ground (6 mm Wiley 
mill) sub-samples were placed in 5X5 cm 50 micron Dacron bags.  Standard extraction 
procedures (Ankom Technology, Macedon, NY) were followed, but screens were added to guard 
bag suspender holes to prevent displacement of the flexible Dacron bags.  Weight loss was 
compared with aNDF analyses for these same samples ground through a 1 mm screen Wiley mill 
and assayed at a commercial laboratory certified by the National Forage Testing Association.  
Regressions across all samples, within each of the 7 different plant parts, and for the 90 whole 
plant samples were determined and deviations from the aNDF measurements were calculated. 
 
Results and Discussion Measured across all samples, residue weights closely matched aNDF 
(ONDF = 1.089 +/- 0.19*aNDF – 5.77 +/- 1.17); root MSE 4.0 (Figure 1).  However, deviations 
from regression were significant (P < 0.05) for two of the sample types.  For cobs, ONDF 
exceeded aNDF for cobs by 4.4%.  This may reflect loss of fine particles from cobs through the 
F-57 Dacron bags.  For whole plant samples, ONDF was greater than aNDF by 3.6 and 4.2% in 
the two sample sets.  The ONDF estimates for whole corn plants exceeded aNDF values by up to 
10% for samples were low in aNDF content (Figure 2). The difference between ONDF and 
aNDF for whole plant samples was negatively closely related (P < 0.001) to hemicellulose 
content of whole plant samples.  This may reflect loss of NDF from more finely ground samples 
by standard aNDF procedures or incomplete NDF extraction from coarsely ground samples.  
Reliability of ONDF analysis for other sample types and its in vivo applicability remain untested.   
 
Conclusions A modified NDF procedure using 6 mm ground samples of corn plants within 50 
micron pore size in situ Dacron bags yielded dry residue weights generally were correlated with 
those for aNDF at a commercial laboratory.  By avoiding sample transfer among bags and 
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obviating the need for additional grinding, this modified procedure could markedly simplify 
measurement of NDFD by in situ procedures.   
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Figure 1. Relationship of NDF measured by the modified method to aNDF values measured at a 
commercial laboratory for 288 samples of corn plants or plant parts. 
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Figure 2. Comparison of NDF estimates for 90 whole corn plant samples. 
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Characterisation of Penicillium roqueforti and P. paneum isolated from  
baled grass silage in Ireland 
M. O’Brien1,2, D. Egan2, P. O’Kiely1, P. D. Forristal3, F. Doohan2, and H. T. Fuller2 
1Teagasc, Grange Beef Research Centre, Dunsany, Co. Meath, Ireland, 2UCD School of Biology 
and Environmental Science, Belfield, Dublin 4, Ireland, 3Teagasc, Crops Research Centre, Oak 
Park, Carlow, Ireland; Email: martin.obrien@teagasc.ie 
 
Introduction  Recent surveys to establish the incidence of fungal growth on baled grass silage in 
Ireland have shown that up to 90% of bales examined had visible fungal growth present, and the 
toxigenic fungi isolated most frequently from bales were Penicillium roqueforti and Penicillium 
paneum.  The incidence of occurrence of P. roqueforti and P. paneum was between 42-52% and 
4-5%, respectively, of all fungal isolates detected in three surveys (O’Brien, 2007).  The aim of 
this study was to characterise the morphological, cultural, and molecular characters of P. 
roqueforti and P. paneum isolated exclusively from baled grass silage in Ireland.  The colony 
appearance of both fungi on bales was also recorded. 
 
Materials and Methods The incidence of fungal growth on baled grass silage was recorded on 
235 farms between 2003 and 2004.  Fungal colonies were photographed, sampled and cultured 
following an established protocol (O’Brien et al., 2005).  A subset of the P. roqueforti isolates 
(n=237) were randomly selected and their macromorphological features were examined in 
greater detail.  Subgroups of these isolates were then randomly selected for micromorphological 
(n = 38) and molecular analyses (n = 38).  In the case of P. paneum, the macromorphological 
features of all cultured isolates (n = 78) were examined and the micromorphological features and 
molecular characteristics of randomly chosen subsets of isolates (n = 20 and 15, respectively) 
were analysed.  Using the media and growth conditions specified by Pitt (2000), a wide range of 
morphological features and growth rates of both fungi were examined on Czapek yeast 
autolysate (CYA) at 5, 25 and 37°C, malt extract agar (MEA) at 25°C and 25% glycerol nitrate 
agar (G25N) at 25°C incubated for 7 d in darkness.  Fungal isolates grown on MEA were 
examined microscopically at magnifications of 400x and 1000x.  Measurements of 
conidiophores and conidia were made from mounts in lacto-fuchsin.  Representative isolates 
were examined using a JEOL 5410 Cryo-Scanning Microscope (Cryo-SEM). DNA was extracted 
from mycelium and fragments of genes encoding for α-tubulin and acetyl CoA synthetase were 
PCR-amplified using the primer pairs Bt2a and Bt2b and acuA-2F and acuA-1R, respectively.  
PCR products were sequenced by Macrogen Inc. (Seoul, South Korea) in both directions (5’ and 
3’), using the primers used for PCR amplification. Phylogenetic analysis was performed from 
aligned sequences using Maximum Parsimony and Neighbour-Joining methods in PAUP 
(Phylogenetic Analysis Using Parsimony) version 4.0b10 for Macintosh. 
 
Results and Discussion Colony size and appearance of P. roqueforti and P. paneum on bales 
were very variable and were indistinguishable from each other as both were characteristically 
blue to green-coloured, and had a diffuse to floccose felt appearance.  Smaller colonies were 
more often observed with whitish-coloured diffuse mycelia whereas, as a result of sporulation, 
larger colonies were blue to green in colour.  The distinguishing features between the two species 
in culture (Table 1) included P. roqueforti colonies on CYA having a distinctive dark green to 
black coloured reverse compared with the intense orange brown observed for P. paneum.  
Another difference between species on CYA medium was the ability of ca. 50% of the P. 
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panuem isolates to produce exudate droplets; none of the P. roqueforti isolates exhibited this 
characteristic. Scanning electron micrographs of conidia from both species showed that the 
conidia to have a finely roughened surface texture and conidia of P. paneum were larger and had 
a rougher surface texture than those of P. roqueforti.  Based on phylogenetic analysis of partial 
sequences of β-tubulin and acetyl co-enzyme A synthetase genes, both species were found to be 
monophyletic.   
 
Conclusions This is the first significant record of the morphological, cultural and molecular 
characteristics of P. roqueforti and P. paneum isolates from grass silage.  This description of two 
common spoilage and toxigenic moulds will greatly help other investigators to correctly identify 
contaminants. 
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Table 1. Characteristics of Penicillium roqueforti and Penicillium paneum isolated from baled 
grass silage in Ireland 

Character Penicillium roqueforti  Penicillium paneum 

Macromorphology n=237 isolates         n=78 isolates        

CYA colony:    

   Diam (mm) (11-) 40 (-70)  (30-) 48 (-60) 

   Colour Olive brown (centre) to dull green  Olive brown (centre) to dull green to dark green 

   Reverse  Dark green to black  Greyish orange to brownish orange 

   Exudate droplets on colony Absent  Clear to olive brown (ca 50% of isolates) 

MEA colony:    

   Diam (mm) (27-) 50 (-71)  (39-) 56 (-69) 

   Colour Dull green  Olive to jade green 

   Reverse Beige to greyish green  Beige to greyish green 

CYA @ 5 °C (diam, mm) (0-) 4 (-11)  (0-) 2 (-7) 

CYA @ 37 °C (diam, mm) No growth  No growth 

G25N (diam, mm) (7-) 20 (-25)  (0-) 15 (-27) 

Micromorphology n=38 isolates  n=20 isolates 

Conidiophore:    

   Stipe texture Rough  Rough 

Conidia:    

   Shape Globose  Globose 

   Texture Smooth (72 %) & finely rough (28 %)  Smooth (8 %) & finely rough (92 %) 

   Size (µm) (2-) 3.5 (-6)  (2.3-) 4.1 (-4.9) 
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New type of alfalfa and grass silage bales: bale-formation from chopped material 
Sz. Orosz 1, Z. Bellus2, and B. Kroll3 
1Szent István University, Department of Nutrition, Gödöllő, Hungary, 2Hungarian Institute of 
Agricultural Engineering, Gödöllő, Hungary,3Kroll and Kroll Ltd Co, Lajozsmizse, Hungary; 
Email: orosz.szilvia@mkk.szie.hu 
 

Introduction  Aim of the study was to evaluate an ensiling method (a new bale-forming 
technology combined with wrapping system) and dry matter limitation of the new type variable 
chamber round baler. Precision-chopped wilted forage (alfalfa and grass) harvested by 
conventional self-propelled chopper-harvester machine was baled by the new technology. 
Authors investigated (i) the effect of short (290 g/kg DM - 4 hours) and long term wilting (520 
g/kg DM - 12 hours) on bale parameters and fermentation profile in the new-type alfalfa 
wrapped bales and (ii) the effect of the new bale-forming system on bale parameters and 
fermentation profile of wilted and chopped ’sweet’ grass (Italian ryegrass) baled silage.  
 

Materials and Methods A two year old second cut (July 2007) alfalfa (Medicago sativa) (crude 
protein: 196 g/kgDM; NDF: 445 g/kgDM), was mowed with rotary disk mower equipped with 
conditioner, spread and wilted on windrows for 4 hours (290 g/kg DM) and 12 hours (520 
g/kgDM), respectively. First cut italian ryegrass (Lolium multiflorum) (May 2008), tedded and 
wilted for 24 hours (crude protein: 146 g/kgDM; NDF: 474 g/kgDM)  was carried out by a self-
propelled precision chopper harvester (Claas Jaguar 840). The theoretical chop size ranged from 
20 to 30 mm. Baling was carried out by a Göweil LT Master variable chamber baler-wrapper 
machine. Nominal size of bales was: 1.13 x 1,22 m. Pressurization: 150 bar. Film for wrapping 
was applied with thickness of 25 µm in 6.5 layers carried out by 26 turn and 60% pre-stretch. 
Output and efficiency were the following: 18-20 bales/hour. Fermentation profile was 
determined in three different stages (alfalfa:13th, 30th and 70th days, grass: 8th, 15th and 70th, 

respectively). Crude nutrient-, carotene-, NDF- and fermentable carbohydrate content were 
analysed in the plant-, wilted forage and silages.  
 

Results and Discussion The new baling system is able to form bales in a wide range of dry 
matter content (alfalfa silage: 290-520 g/kg, grass: 318 g/kg DM-content) in theoretical chop size 
of 20-30 mm with extremely high density (alfalfa silage: 213-278 DM kg/m3; grass silage: 246-
261 DM kg/m3) due to high pressurization (150 bar) and small particle size (20-30 mm) 
compared to conventional bales (90-200 DM kg/m3) in both treatments (Table 1). Recommended 
wet bale weight range of alfalfa (characterised by 350-400 g/kg DM, 20-30 mm chop size and 
400-450 g/kg DM NDF content) is 750-800 (nominal bale size: 1.1 x 1.2m). Bale weight higher 
than 900 kg due to low dry matter content (lower than 300 g/kg) may cause high challenge of 
effluent and bale deterioration. High density (effective and quick air exclusion) had beneficial 
effect on fermentation intensity and quality (Table 2). It was proven by fast pH-drop (pH in 
alfalfa silage on the 13th day: 4.84a vs 4,87a, respectively, in grass silage on the 15th day: 4.55) 
and early lactic acid dominated fermentation (LA:AA ratio in alfalfa silage on the 13th day: 
2.83a and 4.46b, in ’sweet’ grass silage on the 15th day: 6.52, respectively). Sugar-loss during 
wilting and fermentation in ’sweet’ grass baled silage was significant (p ≤ 0.05). Long term 
wilting of alfalfa (520 g/kg DM: 12 hours) improved the lactic acid concentration (p ≤ 0.05), 
reduced the acetic acid concentration (p ≤ 0.05) and LA:AA ratio (LA:AA ratio on the 70th day: 
2.83a vs 4.46b, respectively), but significantly reduced the carotene content of wilted alfalfa 
compared to un-wilted and short term wilted alfalfa (un-wilted alfalfa: 126.7a±6.7 g/kg DM, 
long term wilted alfalfa: 24.3b±2.0 g/kg DM, short term wilted alfalfa: 65.7c±8.5 g/kg DM). 
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Conclusions It was confirmed that the new system is able to form bales in a wide range of dry 
matter content (290-520 g/kg). Better homogeneity of the new bales compared to conventional 
bales, owing to the forage being chopped and mixed. A high density (alfalfa silage: 213-278 DM 
kg/m3; grass silage: 255 DM kg/m3) can be achieved due to high pressurization (150 bar), as well 
as a short particle size. High density results in good anaerobic conditions for fermentation.  
 

Table 1. Bale characteristics of new type alfalfa and ‘sweet’ grass bales (n=15) 
 Baled alfalfa silage 
 ‘Wet’ ‘Dry’ 

Baled ‘sweet’ grass silage 
(Italian rye-grass) 

Dry matter content (g kg -1) 290.1±8.5 520.4±16.3 317,5±11.1 
Nominal bale size (m) 1.13 x 1.22 1.13 x 1.22 1.13 x 1.22 
Bale weight (kg) 904±25.1 657±13 987±13.4 
Bale weight (kg DM) 262±7.3 342±6.6 310±4.1 
Coefficient of variation of BW 1.4% 1.4% 1.3% 
Wet density (kg m-3) 734±10.3 534±7.9 813±12.1 
Dry density (kg DM m-3) 213±3.0 278±4.1 255±3.9 

 

Table 2. Nutrient content and fermentation characteristics of the new type alfalfa- and ‘sweet’ 
grass baled silages (n=5) 

Wilted alfalfa Alfalfa silage Forage character  Alfalfa  
’wet’ ’dry’ ’wet’ ’dry’ 

Grass  Wilted 
grass 

Grass 
silage 

Dry matter, g/kg mean 240.5a 300.6b 524.8c 290.1b 520.4c 188.8a 264.5b 317.5c 
 ST 14.4 12.7 26.5 8.5 16.3 34.6 11.2 11.1 
Crude protein, g/kg DM mean 196.0a 192.7a 197.6a 190.6a 199.8b 146.0a 145.8a 146.9a 
 ST 10.4 7.4 5.9 3.3 4.2 12.7 9.8 5.0 
Total carotene, mg/kg DM mean 126.7a 65.7b 24.3c 27.6c 10.9d 205.6a 126.2b 139.6b 
 ST 6.7 8.5 2.0 11.9 0.7 25.8 15.1 19.1 
NDF, g/kg DM mean 444.7a 450.9a 450.5a 428.1b 441.0 474.4a 497.3a 451.5b 
 ST 22.2 13.8 9.3 10.0 10.4 6.2 14.0 7.7 
Total sugar, g/kg DM mean nd nd nd nd nd 169.6a 86.5b 25.1c 
 ST      12.3 5.2 8.1 

Baled alfalfa silage Baled grass silage Fermentation stage 
13th day 30th day 70th day 

  ’wet’ ’dry’ ’wet’ ’dry’ ’wet’ ’dry’ 
8th day 15th day 90th day 

pH mean 4.84a 4.87a 4.60b 4.41b 4.49b 4.74c 5.08a 4.55b 4.34c 
 ST 0.13 0.05 0.22 0.15 0.08 0.14 0.33 0.15 0.08 
Lactic acid, g/kg DM mean 71.26a 45.60b 89.77c 61.87d 84.70 54.92 68.01a 83.24b 99.77b 
 ST 7.06 5.08 2.55 3.45 6.50 5.76 6.54 11.93 11.72 
Acetic acid, g/kg DM mean 25.29a 10.25b 26.13a 13.46b 25.59 13.28 9.56a 13.04b 16.27b 
 ST 1.89 0.85 4.98 1.73 5.08 1.70 1.06 3.17 1.98 
Propionic acid, g/kg DM mean 0.24a 0.19a 0.40c 0.20a 0.52 0.26 0.22a 0.37b 0.12c 
 ST 0.03 0.05 0.13 0.04 0.19 0.13 0.00 0.06 0.05 
Butyric acid, g/kg DM mean 0.000a 0.000a 0.00a 0.00a 0.09 0.00 0.000a 0.00a 0.54b 
 ST 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Volatile acids, g/kg DM mean 25.53a 10.44b 26.53a 13.66b 26.20 13.54 9.78a 13.41b 16.92b 
 ST 1.90 0.86 5.09 1.72 5.14 1.67 1.06 3.22 3.02 
Organic acids, g/kg DM mean 96.79a 56.04b 116.29c 75.53d 110.89 68.47 77.79a 96.65b 116.70c 
 ST 6.85 5.62 5.31 3.82 10.44 6.61 7.14 14.97 10.06 
LA/AA mean 2.83a 4.46b 3.54a 4.65b 2.83a 4.46b 7.16a 6.52a 6.24a 
 ST 0.40 0.42 0.73 0.61 0.50 0.49 0.71 0.76 1.22 
Total sugar, g/kg DM mean nd nd nd nd nd nd 71.3a 51.5a 25.1b 
 ST       17.75 14.27 8.05 

abcdMeans in the same row with different letters differ (p ≤ 0.05) 
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Fermentation, nutrient digestibility and nitrogen retention of inoculated alfalfa haylage in 
wethers: environmental aspects 
Sz. Orosz 1, J.L. Szőcs1, and P. Pátkai1 

1Szent István University, Department of Nutrition, Gödöllő, Hungary; Email: orosz.szilvia@mkk.szie.hu, 
 

Introduction  The aim of the study was to investigate the effect of silage additives on the 
fermentation process, apparent nutrient digestibility and nitrogen-retention. Prolonged fermentation 
in un-inoculated silage allows proteolytic bacteria to degrade plant protein and convert it to 
ammonia and nitrates. Therefore, it is essential that the decline in pH should as rapid as possible in 
the first days of ensilage to stem proteolysis. Steen (1991) was found significant improvement of 
nitrogen-retention by a silage additive. This overall retention of nitrogen by the animal will lead 
directly to improved performance (Mayne and Steen, 1993). Reduced nitrogen excretion (N-loss) by 
ruminants should have important role in reduction of nitrogen load of the arable soils. Improved 
nitrogen retention has beneficial effect on reduction of environmental risk of manure application, 
especially on nitrate sensitive areas. 
 

Materials and Methods In the first study teh effect of a silage additive on fermentation of alfalfa 
(DM: 459 g/kg, 181.9g/kgDM crude protein) was investigated in a model silo system. Density was: 
301 DM kg/m3. The biological addititive (Sil All 4x4) contained bacteria (Streptococcus feaceum, 
Pediococcus acidilactici, Lactobacillus plantarum, Lactobacillus salivarius) and amylolytic and 
fibrolytic enzymes (amilase, cellulase, hemicellulase, pentosanase), applied at dose of 10 g/t alfalfa. 
In the second study apparent nutrient digestibility and nitrogen-retention of inoculated alfalfa 
haylage (DM: 486.6 g/kg, 187.3 g/kgDM crude protein) were determined in wethers. Silage additive 
(Sil All –Fire Guard) was added to wilted alfalfa at rate of 150g/t plant material. Ensiling was 
carried out into 2 concrete pits. Ensiled amount was 300 kg with density of 200 kg DM/m3. Silage 
additive contained: bacteria (Streptococcus feaceum, Pediococcus acidilactici, Lactobacillus 
plantarum, Lactobacillus salivarius), enzymes (amilase, cellulase, hemicellulase, pentosanase) and 
preservatives (K-sorbate and Na-benzoate). Feeding out and sampling were carried out on the 180th 
day of storage. Experimental animals were six, one year old, merino sheeps (wether) in weight of 40 
kg. The alfalfa haylage and feaces samples were analysed by crude nutrient and NDF content, 
nitrogen content of urine was analysed according to Hungarian National Standards. 
 

Results and Discussion In the first study inoculation accelerated the pH-drop (Table 1) and 
decreased the final pH compared to the control (control and inoculated haylage on the 2nd day: 6.14a 
vs 5.83b; 5th day: 5.80a vs 5.07b; 32nd day: 5.02a vs 4.77b, respectively). The silage additive 
increased the lactic acid content in early stage of fermentation (control and inoculated haylage on 
the 2nd day: 6.13a g/kgDM vs 21.9b g/kgDM; 5th day: 10.4a g/kgDM vs 43.5b g/kgDM; 32nd day: 
36.1a g/kgDM vs 54.8b g/kgDM, respectively). In the second study inoculation improved 
significantly the apparent nutrient digestibility of crude protein (75a% vs 77b%), crude fiber (49a% 
vs 54b%), nitrogen-free extract (73a% vs 75b%), organic matter (68a% vs 71b%) of alfalfa haylage 
(Table 2). The biological silage additive slightly improved the nitrogen-retention (control: 30.6%; 
inoculated: 31.1%). 
 

Conclusions Inoculation (Sil All 4x4) accelerated the pH-drop and organic acid production in 
alfalfa haylage derived from the controlled lactic acid dominating fermentation process. Addition of 
preparations of cellulolytic and amylolytic enzymes to forage crops would increase the fermentation 
capacity of silage by virtue of the release by these enzymes of fermentable substrate. In addition, 
cellulolytic enzymes would promote cellular breakdown and thus render cell contents more 
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accessible to the silage microflora. Application of Sil All-Fire Guard additive improved significantly 
the apparent nutrient digestibility of crude protein (p≤ 0.05), crude fiber (p≤ 0.01), nitrogen-free 
extract (p≤ 0.05) and organic matter (p≤ 0.01) of the alfalfa haylage. The additive improved 
indirectly the net energy content (NEm: p≤0.01; NEg: p≤0.01) of the haylage by the better nutrient 
digestibility compared to the control. The additive had positive influence on nitrogen-retention (1% 
improvement). It might be explained by the reduced cell wall effect (as consequence of cell wall 
degrading fibrolytic enzymes) and better availability of nutrients. Finally, we concluded that the 
silage additive containing different homofermentative lactic acid bacteria and amylolytic-fibrolytic 
enzymes improved the fermentation intensity and quality, competitively inhibited harmful 
proteolitic bacteria in early stage of fermentation and improved nutrient digestibility (crude protein, 
crude fiber and organic matter), nitrogen-retention and net energy content (for maintenance and 
growth) of alfalfa haylage in whether. 
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Table 1. Fermentation process of control and inoculated alfalfa haylage in model silos (n=5) 
  2nd day 5th day 32th day 
  Control Treated Control Treated Control Treated 
pH mean 6.14a 5.83b 5.80b 5.07c 5.02c 4.77d 
 ST 0.092 0.042 0.000 0.028 0.000 0.045 
Lactic acid, g/kg DM mean 6.13a 21.91b 10.39a 43.47c 36.12c 54.82d
 ST 2.01 1.01 5.72 0.15 0.04 2.93 
Acetic acid, g/kg DM mean 2.92a 4.62b 5.03b 9.59c 10.61c 16.34d
 ST 0.91 0.12 1.24 0.00 0.73 0.18 
Propionic acid, g/kg DM mean 0.25a 0.19b 0.09c 0.28a 0.58d 0.60d
 ST 0.05 0.00 0.00 0.00 0.02 0.18 
Butyric acid, g/kg DM mean 0.19a 0.16a 0.21a 0.06b 0.12a 0.04b
 ST 0.00 0.02 0.00 0.00 0.00 0.00 
Volatile acids, g/kg DM mean 3.36a 4.97b 5.33c 9.93d 11.31e 16.99f
 ST 0.91 0.10 1.25 0.00 0.69 0.15 
Organic acids, g/kg DM mean 9.48a 26.78b 15.72c 53.30d 55.82d 71.71e
 ST 2.81 0.94 6.98 0.15 0.65 3.07 
LA/AA mean 2.13a 4.73b 1.99a 4.52b 4.21b 3.35b
 ST 0.47 0.32 0.65 0.02 0.29 0.18 

abcdef Means in the same row with different letters differ (p≤ 0.05) 
 

Table 2. Apparent nutrient digestibility and net energy of alfalfa haylage in wether (n= 3) 
 Dry

matte
Crude 
protein 

Crude
fat

Crude
fiber

N-free
extract

Organic
matter NDF N- 

retentio NEm NEg 

 g/kg g/kgDM g/kgDMg/kgDM g/kgDM g/kgDM g/kgDM % MJ/kgDM MJ/k DM
Control mean 52a 75a 62a 49a 73a 68a 46.6a 30.6a 4.31a 2.00a
 ST 1.6 0.6 0.7 1.4 0.8 0.23 3.7 4.2 0.0 0.0 
Treated  mean 55a 77b 62a 54b 75b 71b 51.2a 31.1a 4.71b 2.38b
 ST 1.3 0.3 2.9 3.2 0.9 0.83 4.1 1.6 0.1 0.1 
ab Means in the same column with different letters differ (p≤ 0.05) 
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Evaluation of carotene content in grass silage 
B. Osmane, A. Jemeljanovs, V. Sterna, I. H. Konosonoka, and J. Miculis 

Agency of Latvian University of Agriculture Research Institute of Biotechnology and Veterinary 
Medicine, Sigra, Latvia; Email: sigra@lis.lv 
 
Introduction  Carotene is one of the antioxidants that is located in green plants and protects 
organisms from destructive influence of free radicals that occur in organisms as a result of 
biochemical processes. Carotene degrades at presence of oxygen and especially in sun light and at 
high temperature. Antioxidants, such as vitamin E, plus acidic environments and hermetic 
conditions promote carotene preservation in feed. The amount of change in carotene content in feed 
depends from feed composition, quality, conditions of storage and other factors. The β-carotene is 
contained mainly by green plants.  
 
Materials and Methods The objective of our studies was to determine content of antioxidant 
(carotene) in silage with different botanical composition and plants conservation technology 
(without and with chemical additive; wilting of mass), in Latvia during the years of 2006 – 2008. 
Different grasses with and without ensiling were analyzed for content of dry matter (by drying), 
protein (by Kjeldahl method), and carotene (by photometry). Statistical analysis of data was done by 
using the SSPS statistical package.  
 
Results and Discussion The highest amount of carotene was found in silage in comparison the other 
grass forages (Table 1). Carotene decomposed until 80% was lost from slowly dried hay. Carotene 
preserved well during our trial in silage, with losses of only about 10%; therefore, silage is 
invaluable source of carotene. The wilting of grass before ensiling decreased the carotene amount by 
35-40%. The amount of carotene in the green material is very different, depending on both by 
botanical composition (150-600 mg/kg) and the stage of growth of the plants. At the later stage of 
growth, the amount of carotene in plants decreased. Silage made from grass of different botanical 
composition contained essentially higher amounts of carotene (P < 0.01) than hay. In wilted grass 
silage was substantially lower (P < 0.01) in carotene than silage made from fresh grass (Table 2). 
Favorable environments for overheating of the grass mass and for growing moulds forms reduced 
carotene for in sufficiently dried hay but not for silage. After opening silage storage, silage made 
from wilted grass spoiled very rapidly. Molds, increased the level of nitrates and sulphates 
significantly (P < 0.05) and decreased content of carotene in feed. 
   
Conclusion Silages made from grasses of different botanical composition contained  higher amounts 
of carotene (P < 0.01) than in hay. In wilted grass silage, carotene content was substantially reduced 
(p < 0.01) compared to silage made from fresh grass. 
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Table 1. Amount of carotene in grass forages conserved by different methods  
Feed Carotene, mg/kg dry matter 
Hay 18.16 
Silage 87.82* 
Haysilage 49.73 
Fodder 31.00 

*Amount of carotene in silage was significantly higher (P < 0.01) then in other 
  conserved grass feeds 

 
 
 
Table 2. Amount of carotene in differently made silage made from timothy red clover 
Method of silage making Time of 

sample 
opening  

Dry matter, 
% 

Crude 
protein, % of 
DM 

Carotene, 
mg/kg DM 

Conserved fresh material 08.01.07. 
06.02.07 
27.02.07. 

22.69 
22.60 
20.13 

10.56 
7.62 
7.40 

73.5 
80.9 
84.5 

Fresh material with 
preservative 

08.01.07. 
06.02.07 
27.02.07 

20.50 
22.16 
20.35 

1.89 
9.23 
9.32 

79.5 
85.1* 

8.5 
Wilted  08.01.07. 

06.02.07 
27.02.07 

39.56 
40.53 
40.81 

8.26 
6.96 
6.72 

47.0 
45.9 
46.1 

Wilted with preservative 08.01.07. 
06.02.07 
27.02.07 

36.29 
34.06 
34.86 

8.58 
8.11 
8.72 

50.5 
54.1 
54.0 

*In silage what made from fresh material was significantly higher (P < 0.01) in carotene than 
silage made from wilted grass 
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Maturity effects on protein degradation in wilted red clover and alfalfa silage 
V. N. Owens1, K. A. Albrecht2, and R. E. Muck3 
1South Dakota State University, Brookings, SD 57007, U.S.A., 2University of Wisconsin-Madison, 
Madison, WI 53706, U.S.A., 3USDA, ARS, US Dairy Forage Research Center, Madison, WI 
53706, U.S.A.; Email: vance.owens@sdstate.edu 
 
Introduction  Much of the forage grown in the humid regions of the US, where the climate is 
not conducive to hay-making, is preserved as silage. Harvest and quality losses associated with 
inclement weather are typically lower in silage than hay because drying time is reduced to one to 
two days. However, preservation of high quality forage as silage is limited by extensive protein 
degradation that occurs in many forage species during fermentation (McKersie, 1985; Albrecht 
and Muck, 1991; Owens et al., 1999). Our objective was to evaluate effect of maturity on protein 
degradation in wilted red clover (Trifolium pratense L.) and alfalfa (Medicago sativa L.) silage. 
 
Materials and Methods Forage used was grown at the University of Wisconsin Arlington 
Agricultural Research Station, Arlington, WI (43o 18’N, 89 o 21’W). Soil type was a well drained 
to moderately well drained Plano silt-loam (fine-silty, mixed, mesic, Typic Argiudoll). Soil 
nutrients and pH were maintained at recommended levels for alfalfa throughout the experiment. 
‘Marathon’ red clover and ‘Dart’ alfalfa were planted in 0.76 by 6.1 m plots at a rate of 16 kg/ha 
on April 30, 1993 in a randomized complete block design with three replicates. Two levels of 
maturity were staged by cutting forage back at 10-d intervals and then harvesting the regrowth of 
both treatments on the same day. The two harvests taken in 1994 and 1995 harvest will be 
referred to as harvest 1 (26 July 1994), harvest 2 (2 Aug. 1994), and harvest 3 (26 June 1995). At 
harvest a subsample (700 to 900 g) was placed on wire screens elevated ~ 4 cm off the ground to 
wilt to 350 g DM/kg and was used to characterize wilted forage and to make wilted silage. 
Duplicate 50-g subsamples of wilted forage were chopped to 10 mm particle size and ensiled in 
100-mL polypropylene centrifuge tubes after inoculating with appropriate lactic acid bacteria. 
Subsamples of fresh, wilted, and ensiled forage were analyzed for determination of dry matter 
(DM), pH, non-protein nitrogen (NPN), and total N (TN). 
 
Results and Discussion Stage of maturity of red clover and alfalfa ranged from early bud to 
early bloom in red clover and early bud to mid bloom in alfalfa. Immature red clover was higher 
in TN than mature red clover, whereas TN concentration of immature alfalfa was greater than 
(harvest 2) or equal to (harvests 1 and 3) mature alfalfa (Table 1). Moisture stress has been 
shown to increase the leaf to stem ratio (LSR) of alfalfa and red clover, although the overall 
effect of drought on TN has been inconsistent (Peterson et al., 1992). Losses of DM associated 
with respiration slightly increased TN in ensiled compared to fresh and wilted forage. Wilted 
forage from both species was close to the target DM of 350 g/kg. The pH of fresh forage was 
similar across species and maturity, ranging from 6.02 to 6.25 in red clover and 6.20 to 6.36 in 
alfalfa. Wilting did not alter the pH of either forage whereas ensiling caused the pH to drop to 
4.31 or less in red clover and 4.69 or less in alfalfa. Concentration of NPN on a TN basis in fresh 
forage ranged from 79 to 101 g/kg TN in immature and 117 to 136 g/kg TN in mature red clover. 
In fresh alfalfa, NPN ranged from 115 to 133 g/kg TN in immature and 136 to 182 g/kg TN in 
mature herbage. Stage of maturity altered NPN in fresh herbage: immature forage contained 16 
to 37% less NPN than mature material. The effect of maturity on NPN in fresh alfalfa was 
present in all harvests despite the nearly equal concentration of TN in mature and immature 
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material used in harvests 1 and 3. The concentration of NPN in wilted herbage was similar to 
(harvest 1) or greater than (harvests 2 and 3) that present in fresh forage. Extensive proteolysis 
during ensiling of unwilted and wilted forage resulted in large increases in NPN in both species 
(Table 1). Nonprotein-N was 35 to 36% less in wilted red clover silage than alfalfa silage. 
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Table 1. Means for total N (TN) and nonprotein N (NPN) in fresh, wilted, and ensiled forage 
 Fresh forage  Wilted forage  Ensiled forage 
Maturity TN NPN  TN NPN  TN NPN 
  g/kg DM g/kg TN  g/kg DM g/kg TN  g/kg DM  g/kg TN 
Harvest 1 (Year 1)        
Red clover 32 114  29 112  31 407 
Alfalfa 31 150  32 140  33 623 
Significance NS **  * *  * *** 
Immature 34 114  33 108  34 529 
Mature 29 150  28 144  30 501 
Significance * **  ** **  *** NS 
Harvest 2 (Year 1)        
Red clover 33 101  31 123  32 397 
Alfalfa 34 139  33 150  34 615 
Significance NS **  NS NS  * *** 
Immature 38 97  37 118  38 522 
Mature 29 143  28 154  28 490 
Significance ** **  *** *  *** ** 
Harvest 3 (Year 2)        
Red clover 32 103  32 159  33 442 
Alfalfa 33 129  34 204  35 693 
Significance NS ***  ** **  ** *** 
Immature 34 106  35 183  36 579 
Mature 31 126  31 180  32 556 
Significance ** ***  *** NS  *** NS 
*, **, *** Significant at 0.05, 0.01, and 0.001 level of probability. NS, Not significant. 
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Assessment of wilted guinea grass silage stored in laboratory-scale and big bale silos 
S. Parvin1, M. Niimi2, and N. Nishino1 
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Agriculture, Miyazaki University, Japan; Email: srbj_sau@yahoo.com 
 
Introduction  Many authors have reported that acetic acid is the major preservative in tropical 
grass silage. Information is scarce on the microflora associated with ensiling, whereas a 
difference from that with temperate ensiling has been suggested. Nishino and Tanabe (2007) 
examined the fermentation products and bacterial community of wilted Italian ryegrass silage 
prepared as big bales. The authors also examined those of laboratory-scale silos, because little 
information was available on how the two silos compare with regard to silage microflora. Such a 
survey has not been conducted with tropical grass silages. The objective of this study was to 
evaluate the fermentation and bacterial community of wilted guinea grass silage stored in 
laboratory-scale and big bale silos.  
 
Materials and Methods Big bales and vacuum-packed plastic pouches were used to ensile 
wilted guinea grass (DM 52.1%) in triplicate. After storage for 3 months, eight samples were 
collected separately from a big bale, and one representative sample was taken from a plastic 
pouch (Nishino and Tanabe, 2007). The pH, lactic acid, volatile fatty acids and alcohols were 
determined on water extracts. Bacterial DNA was extracted from material and silages, and 
subjected to denaturing gradient gel electrophoresis (DGGE) with amplifying a variable (V3) 
region of 16S rDNA (Parvin and Nishino, 2009). Cluster analysis was carried out to understand 
the similarity between silo types and between big bales. Bacterial identification is now 
progressing. 
 
Results and Discussion Lactic acid was the principal fermentation product in all laboratory-
scale silos and 2 of the 3 big bales. One big bale had high acetic and butyric acid compared to 
lactic acid (Table 1). More lactic acid was found in the outside than the inside in big bales, which 
was in agreement with our previous findings (Nishino and Tanabe, 2007). Butyric acid content 
varied from outside to inside and from upper to lower sites. Significant variation existed between 
big bales in pH and DM, lactic acid, acetic acid and ethanol contents. Although differences were 
evident in regard to fermentation products, the DGGE profiles appeared similar between big 
bales. Plastic pouches gave similar fermentation products to big bales except for ethanol content. 
No distinctive difference was seen in DGGE profiles between plastic pouches and big bales. 
 
Conclusion Whilst the effect is not promising, sufficient wilting can suppress the acetic acid 
fermentation that is often observed in ensiled tropical grass. Plastic pouches and big bale silos 
will give similar results in fermentation products and DGGE profiles. 
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Table 1. Variations in chemical composition and fermentation products due to silo type and 
sampling sites in big-bales prepared from wilted guinea grass 
Item DM, % pH Lactic 

acid, % DM 
Ethanol, 
% DM 

Acetic 
acid, % DM 

Butyric 
acid, % DM 

 Mean  SD Mean SD Mean SD Mean SD Mean SD Mean SD 
Pouch 52.5 1.60 4.62 0.09 0.87 0.11 0.44 0.09 0.26 0.06 0.00 0.00 
Big-bale             
Top             
Outside 42.2 6.26 4.85 0.65 0.83 0.70 0.11 0.03 0.53 0.42 0.29 0.37 
Inside 45.8 7.75 5.04 0.24 0.51 0.38 0.13 0.08 0.61 0.44 0.59 0.75 

Bottom             
Outside 42.0 4.00 4.70 0.27 0.90 0.37 0.26 0.11 0.62 0.28 0.34 0.20 
Inside 41.9 3.87 4.80 0.50 0.62 0.36 0.28 0.13 0.66 0.38 0.44 0.27 

            
Pouch vs Bale **  NS  NS  **  NS  NS 
Big-bale             
Top vs Bottom NS  NS  NS  **  NS  * 
Outside vs Inside NS  NS  *  NS  NS  * 
Bale vs Bale **  **  **  *  **  ** 

Mean values of 3 (pouch; triplicate silos) and 6 (big-bale; triplicate silos with duplicate 
samplings) determinations. NS; P>0.05, **; P<0.01. 
 

 
 
 
 
Figure 1. Denaturing gradient gel electrophoresis profile of bacterial DNA extracted from wilted 
guinea grass silages stored in plastic pouches and big bales. F; fresh grass, W; wilted grass, PP; 
plastic pouch silos, BB; big bale silos. 

F W PP BB No.1 BB No.2 BB No.3 
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Microflora associated with ensiling of wilted guinea grass as determined by culture-
dependent and culture-independent analyses 
S. Parvin and N. Nishino 
Graduate School of Natural Science and Technology, Okayama University, Japan; Email: 
srbj_sau@yahoo.com 
 
Introduction It has been reported that unlike temperate grass species, tropical grass silage may 
undergo acetic acid fermentation, whereas silage with high lactic acid content can sometimes be 
obtained. So far, microflora accounting for the characteristics has not been clarified. It has been 
argued that wilting is essential for tropical grass ensiling, with DM content greater than 30% 
shown to be crucial for assuring acceptable DM recovery (Nussio, 2005). This study investigated 
the bacterial community of wilted guinea grass silage by using culture-dependent and culture-
independent techniques.  
 
Materials and Methods Exp. 1: First harvests of wilted guinea grass containing DM 28.6% and 
44.3% were ensiled in plastic pouches. Silos were kept at ambient temperature for 15, 30, 90 and 
180 d. Wilted material and ensiled grasses were sampled to determine the pH, epiphytic 
microflora, and DM, lactic acid, volatile fatty acids and alcohols. Bacterial community was 
assessed by plate culture (PC) and denaturing gradient gel electrophoresis (DGGE). Exp 2: Roles 
of L. plantarum and L. brevis, which were prevalent in long-stored silages in Exp. 1, were 
evaluated. Wilted guinea grass (DM 47.6%) was ensiled for 30 and 90 d with and without L. 
plantarum and L. brevis at 106 cfu/g. Bacterial community was determined by DGGE.  
 
Results and Discussion Lactic acid dominated the fermentation in wilted silages. Acetic acid 
increased as storage was prolonged, hence lactic to acetic acid ratio decreased with the 
continuation of ensiling. Both PC and DGGE analyses indicated that L. plantarum and L. brevis 
were representative bacteria over the course of ensiling (Figure 1). Moreover, by PC, L. 
paraplantarum and P. pentosaceus were detected in the early stages of fermentation (Table 1). 
2,3-butanediol was the most prevalent product in untreated silage in Exp. 2. Inoculation of L. 
plantarum and L. brevis substantially enhanced lactic acid fermentation, but acetic acid increased 
even in L. plantarum-inoculated silage between days 30 and 90. Both L. plantarum and L. brevis 
appeared to displace the intrinsic bacterial community, whereas there was no distinctive change 
in the DGGE profiles between days 30 and 90 d. Therefore, the increase in acetic acid due to 
prolonged ensiling could not be accounted for by the changes in bacterial community.  
 
Conclusion Sufficient wilting and bacterial inoculation can promote lactic acid fermentation in 
tropical grass silage. Prolonged ensiling may increase the level of acetic acid, without distinctive 
changes in the bacterial community. Our results emphasize the importance of metabolic changes 
in facultatively heterofermentative lactic acid bacteria, rather than structural changes in the 
bacterial community. 
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Table 1. Changes in chemical composition, microbial counts and cultivable lactic acid bacteria 
of wilted grass silage 
Item Ensiling period  
 

Pre- 
ensiling 15d 30d 90d 180d SE 

High moisture silage       
Chemical composition       

pH 6.16 4.64 4.64 4.60 4.67 0.05 
Lactic acid (%) nd 1.14c 1.24b 1.23b 1.31a 0.01 
Acetic acid (%) nd 0.48b 0.53b 0.62b 1.06a 0.05 
Lactic: Acetic acid nd 2.38a 2.34a 1.99a 1.24b 0.18 

Cultivable LAB proportion (%)       
Lactobacillus lactis 100 -- -- -- -- 100 
Lactobacillus plantarum -- 13 -- 10 28 -- 
Lactobacillus paraplantarum -- -- 3 -- -- -- 
Lactobacillus brevis -- 87 77 90 72 -- 
Pediococcus pentosaceus -- -- 20 -- -- -- 

Medium moisture silage       
Chemical composition       

pH 6.27 5.31a 5.22a 4.63b 4.55b 0.05 
Lactic acid (%) nd 0.78b 0.80b 1.18a 1.33a 0.07 
Acetic acid (%) nd 0.51 0.48 0.57 0.74 0.06 
Lactic: Acetic acid nd 1.53 1.67 2.06 1.81 0.14 

Cultivable LAB proportion (%)       
Lactobacillus lactis 80 -- -- -- -- 80 
Lactobacillus plantarum 20 3 27 21 -- 20 
Lactobacillus paraplantarum -- 35 10 -- -- -- 
Lactobacillus brevis -- 27 53 79 100 -- 
Pediococcus pentosaceus -- -- 10 -- -- -- 

Values in the same row with different superscript letters are significantly different (P<0.05).  
 

 
 

 
Figure 1. The DGGE analysis of bacterial community of wilted guinea grass silage (Exp. 1). F; 
fresh grass, W; wilted grass, 15, 30, 90 and 180 d indicate ensiling period. 
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Introduction  Grass silages produced with Brachiaria and Panicum forages have constituted one 
of the most important forage sources used in confinement in Brazil. It is interesting to note that 
the grasses of the Brachiaria genus occupy about 85% of 180 million hectares of cultivated 
pastures in our country. However, studies on the chemical composition and fermentation profile 
of these grass silages are still rare. Therefore, this study aimed to evaluate the chemical 
composition and fermentation profiles of Brachiaria brizantha cv. Marandu and cv. Xaraes, 
Brachiaria decumbens cv. Basilisk and Panicum maximum cv. Mombaca and cv. Tanzania 
silages. 
  
Materials and Methods The experiment was conducted in the Animal Science Department of 
the Federal University of Jequitinhonha and Mucuri Valleys, Diamantina, Brazil. A completely 
randomized design with five treatments (silages) and four replications was used. Brachiaria 
brizantha cv. Marandu and cv. Xaraes, B. decumbens cv. Basilisk and Panicum maximum cv. 
Mombaca and cv. Tanzania silages were evaluated. The forages were planted on December, 
2003, in plot of 100 m2 each one. After the standardization cut on December 5, 2005, a 
fertilization was done by applying 50 kg/ha of N and 40 kg/ha of K2O. The grass was harvested 
at 109 days of regrowth using a backpack brushcutter and chopped by a stationary forage 
chopper. The material was ensiled in 2.5 kg PVC laboratory silos (10 cm in diameter and 50 cm 
in height), which were opened 47 d after the ensiling. The DM of fresh forage and silages were 
determined by drying in forced-air oven for 48 h at 60°C and ammonia N (NH3-N) and pH 
according to Bolsen et al. (1992). The lactic acid and volatile fatty acids (VFA) were determined 
as described by Kung and Ranjit (2001). Dry samples were submitted for analyses of crude 
protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), acid detergent insoluble 
nitrogen (ADIN) and lignin.  
 
Results and Discussion Table 1 shows the DM contents and chemical composition of silages 
from different tropical grasses. The DM content was similar between B. brizantha silages. 
However, the silage from cv. Xaraes had greater DM content than B. decumbens cv. Basilisk, 
Mombaca and Tanzania grasses. The silage smell during opening of the silos was good for all 
silages, indicating that forage DM content was appropriate to reduce the formation of products 
generated by clostridial fermentation, which occurs because of high moisture content in ensiled 
forage. The highest and lowest NDF content was registered for Basilisk and Tanzania silages, 
respectively. The ADF and ADIN contents did not differ among silages, with average values of 
52.63 and 12.73%, respectively. The pH, NH3-N, and lactic, acetic and butyric acid contents 
were affected (P < 0.05) by grass silage (Table 2). Lactic and butyric acid contents were lower 
(P < 0.05) and higher (P < 0.05), respectively, for B. decumbens cv. Basilisk silage. These results 
suggest that B. decumbens silage had the worst fermentation profile among the evaluated silages.  
 
Conclusions Brachiaria decumbens cv. Basilisk silage had the worst fermentation profile among 
the evaluated silages. 
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Table 1. Dry matter content and chemical composition of silages from different tropical grasses 

Chemical composition (% of DM) Silages  
DM CP NDF ADF ADIN Lignin 

B. brizantha 
cv. Xaraés 

38.64a 5.76d 72.18b 50.63 11.28 7.12b 

B. brizantha 
cv. Marandu 

34.97ab 6.39c 72.37b 48.57 14.29 8.14ab 

B. decumbens 
cv. Basilisk 

32.60b 5.34e 74.50a 56.30 13.28 8.81a 

P.maximum 
cv. Mombaca 

33.25b 6.80b 70.99b 52.62 12.38 7.47ab 

P.maximum 
cv. Tanzânia 

32.01b 8.48a 68.72c 55.00 12.41 8.56ab 

Means in columns with different superscripts differ by the Tukey test (P < 0.05). 
 
Table 2. Average values of pH, ammonia nitrogen (N-NH3), and lactic, acetic and butyric acids 
of tropical grass silages 

Fermentation profile Silages 
pH NH3-N1 Lactic acid2 Acetic acid2  Butyric acid2 

B.brizantha 
cv. Xaraés 

5.06ab 9.81b 5.12ab 0.61c 0.04b 

B.brizantha 
cv. Marandu 

5.24a 7.70b 4.39b 0.79ab 0.04b 

B.decumbens 
cv. Basilisk 

5.03ab 14.05a 3.05c 0.92a 0.07a 

P.maximum 
cv. Mombaca 

4.77b 9.90b 5.31a 0.65bc 0.03b 

P.maximum 
cv. Tanzânia 

5.05ab 11.27ab 4.54b 0.69bc 0.04b 

Means in columns with different superscripts differ by the Tukey test (P < 0.05). 
1% of TN, 2% of DM 
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Improved biogas production from silage treated with an esterase producing inoculant 
B. Ruser1, G. Pahlow2, A. Kräft2, and W. Rutherford3  
1Pioneer Hi-Bred Northern Europe Service Division GmbH, Apensener Str. 198, D-21614 
Buxtehude, Germany, 2Federal Research Centre for Cultivated Plants, Julius Kühn-Institute 
(JKI), Institute for Crop and Soil Science, Bundesallee 50, D–38116 Braunschweig, Germany, 
3Forage Additive Research, Pioneer Hi-Bred International Inc., A DuPont Company, 7300 NW 
62nd Ave., Johnston, IA 50131-1004, U.S.A.; Email: barbara.ruser@pioneer.com 
 
Introduction  The production of biogas from energy crops and slurry is a growing technology to 
reduce fossil fuel CO2 emissions. Progress, made with respect to technical equipment as well as 
cultivation of forages high in energy, has increased the efficiency of the entire system.  
The utilization of energy crops for biogas production yields similar limitations as those observed 
with forage digestibility. Namely, the fiber fraction of crops is difficult to degrade due to its 
lignification. The objective of this study was to investigate the capability of a proprietary strain 
of Lactobacillus buchneri PTA-6138 to enhance the accessibility of fermentable forage 
constituents during the ensiling process by releasing the enzyme ferulate esterase (Nsereko et al, 
2008). This enzyme decouples the lignin bonds that insulate the readily digestible, but so far 
unavailable, cell wall components.  
 
Materials and Methods Over 4 years, grass and whole plant corn, originating from different 
locations in Germany, were ensiled in lab-scale silos (1.5 L and 2.8 L respectively) with 3 
replicates per treatment - untreated control and Lactobacillus buchneri PTA-6138 (Pioneer 
11CH4). A total of 22 grass silage and 12 corn silage trials was performed. Silos were opened 7 
weeks after filling. Assessments included methane production, fermentation losses, fermentation 
products, aerobic stability and aerobic losses. Additionally an on farm experiment was performed 
from the harvest 2008 ensiling untreated corn and L. buchneri PTA-6138 treated corn silage in 
separate silos. Silage was fed in series to a biogas fermenter with a 330 kW motor and monitoring 
of input and output data. 
 
Results and Discussion Silage trials were performed with an average DM content of 33%, 
ranging from 23% to 49%. Fermentation losses of the treated silages were slightly higher than in 
the control silages, but were overcompensated by the significantly lower aerobic losses of the 
treated silages (Table 1). The aerobic stability was positively affected by an increased acetic acid 
content of the treated silage. Silage from mini silos was investigated in batch tests for the 
potential methane production. The time sequence study by batch tests showed that the L. buchneri 
PTA-6138 treated substrate was more readily available in the fermenter but also was digested to a 
greater extent (Fig. 1). In 34 batch tests with whole plant corn silages and grass silages, tested at 
the JKI (Braunschweig) and the Hessisches Landeslabor (Eichhof) the L. buchneri PTA-6138 
treated silages yielded on average 8% more methane per kg of DM. 
 
Conclusions  

• Through application of L. buchneri PTA-6138 with cell wall digestibility increasing 
enzyme activity, more available substrate is delivered to the biogas fermenter. This can 
alter the methane yield, which was proven in batch tests as well as under practical farm 
conditions.  
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• Time curves have shown that the substrate has a more rapid availability which enables a 
higher throughput in the fermenters resulting in a higher efficiency. 

• As an additional effect, the silage improved the viscosity of the slurry in the fermenter and 
thus, was less prone to building up floating layers. As a result less stirring intensity is 
needed which saves cost due to reduced electricity use and mechanical wear of the stirring 
system. 

• Furthermore the increased production of acetic acid in the silages – which is characteristic 
for all L. buchneri strains - reduces aerobic spoilage and losses. 

 
Reference 
Nsereko, V. L., B. K. Smiley, W. M. Rutherford, A. Spielbauer, K. J. Forrester, G. H. Hettinger, 

E. K. Harman, and B. R. Harman. 2008. Influence of inoculating forage with lactic acid 
bacterial strains that produce ferulate esterase on ensilage and ruminal degradation of fiber. 
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Table 1. Characterization of the 34 silages from mini silo experiments with grass silages and 
whole plant corn silages from 2005 to 2008  

DM Fermentation 
losses 

Aerobic 
stability 

Aerobic 
losses    

Lactic 
acid     

Acetic 
acid     

Butyric 
acid    Ethanol Propane-

diol     
(%) (% FM) (h) (% DM) 

Control 32.7 1.7 79 10.1 5.6 1.8 0.3 1.5 0.1 
PTA-
6138   32.7 1.9 107 5.6 4.4 3.5 0.1 1.5 1.2 
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Figure 1. Methane production curve over time of untreated control vs. L. buchneri PTA-6138  
treated whole plant corn silage (batch test at the Hessisches Landeslabor Eichhof) 
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Protocol for total DNA extraction from tropical silages in preparation for 16S rRNA 
analysis for microbial community characterization 
A. M. Sanabria, J. F. Abello, and S. D. Martens 
International Center for Tropical Agriculture (CIAT), Cali, Colombia; E-Mail: 
s.martens@cgiar.org 
 
Introduction  Successful silage conservation depends significantly on the microbial activity in 
the forage. Hence, it is of great interest to learn about the microbial communities of silages of 
different qualities. Approaches to characterize the microbial diversity of communities have been 
made by classical microbiology methods based on cultivation. However, as some 
microorganisms are not cultivable, cultivation cannot be used to link microbial diversity to 
function. The direct, cultivation-independent molecular characterization of microbial 
communities offers a valuable tool as demonstrated with soils and other materials. However, it is 
not yet very common in the area of silages.   

Different investigators have shown that the opportunity to study bacterial communities by 
genetic markers in fermented feed and food such as silage is often limited when compared to that 
for industrialized products because of difficulty in obtaining amplifiable DNA (deoxyribonucleic 
acid) (Del Valle et al., 2004). In the present study three DNA extraction methods, two traditional 
methods and one with a commercial kit, were evaluated using samples of tropical legumes 
Canavalia brasiliensis and Vigna unguiculata and sweet potato tubers (Ipomoea batatas) alone 
or mixtures of the feedstuffs. The objective was to determine the method with the best feasibility 
and efficiency to quantify and to amplify DNA using primers for community analysis (Com1 and 
Com2-Ph) by the polymerase chain reaction (PCR).  
 
Materials and Methods The three methods of DNA extraction were compared based on 
utilization of a) SDS (sodium dodecyl sulfate) and proteinase K, b) CTAB (cetrimonium 
bromide) and c) PowerSoil™ DNA Isolation Kit (MO BIO Laboratories, Inc.). Initial sample 
preparation similar for all three methods: 40 g of each of 20 silage samples were macerated, 
lyophilized at 0.008 mbar at -40 ºC for 48 h and again ground until obtaining a fine powder for 
the DNA extraction. Method a) : Extraction buffer (900 µl) containing 1.4 M NaCl, 20 mM 
ethylenediaminetetraacetic acid (EDTA), 100 mM Tris-HCl (pH 8.0) and1 % SDS, and 1.5 µl of 
proteinase K (10 mg/ml) was added to 45 mg of lyophilized powdered sample material. The 
mixture was votexed and incubated at 65 ºC for 1 h. Further steps with ammonium acetate (7.5 
M),  chloroform-isoamyl (24:1) and cold isopropanol followed. The next day the preparation was 
washed with cool ethanol (70 %) two times to finally obtain the dried pellet. The pellet was 
resuspended in 50 µl TE buffer 1:10 (composed of Tris and EDTA). RNAse (1 µl) was added 
before incubation at 37 ºC for 30-60 min.  Method b) is a modification of a protocol developed 
by Kelemu et al. (1997, 1999). The sample (45 mg) was mixed with 800 µl of extraction buffer 
containing 2 % CTAB, EDTA (20 mM; pH 8.0), Tris-HCl (100 mM, pH 8.0), NaCl (1.4 M), and 
polyvinylpyrrolidone (PVP)-40 (1%). The following steps were performed with phenol : 
chloroform : isoamyl alcohol (25:24:1), RNAse A and chloroform : isoamyl alcohol (24:1). To 
precipitate the nucleic acids, cool isopropanol and amonio acetate 3 M (pH 7.0) were used. The 
next day the pellet was washed with 70% cool ethanol cautiously. The dried pellet was 
resuspended in TE 50:10. It was incubated together with cool isopropanol for a night. After 
centrifugation the isopropanol was discarded and the precipitate was washed with cool ethanol 
70 %. Finally the dried pellet was resuspended in 50 µl TE buffer 10:1 and incubated at 4 ºC for 
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one night.  Method c) a commercial kit for DNA extraction from soil samples was tested using 
the supplied instructions for total extraction of genomic DNA.  After extracting the DNA by the 
different methods, its quality was verified visually by gel electrophoresis (agarose 0.8 %) in 
ultraviolet light. Afterwards the extracted DNA concentration of the samples was quantified with  
a fluorometer (Hoefer DyNA Quant 200).  For the amplification of the phylogenetically 
conserved region of the 16S rRNA of bacteria by PCR, the universal primers Com 1 and Com 2-
Ph were used according to the description of Tebbe et al. (2001). 
 
Results and Discussion The results of the different extraction methods show that DNA could be 
extracted with method a), however some pollution was evident. With method b), DNA was 
extracted neatly but with method c), very little or no DNA was recovered (Figure 1). After 
running the PCR, only DNA samples from method b) could be amplified.  It seems that samples 
from method a) had too many inhibitors which can be proteins, polysaccharides, phenolic 
components, organic acids and others. Different purification attempts which are not described 
here were unsuccessful at removing those components and making the DNA amplifiable. 
 
Conclusions Method b) using CTAB was the method of choice for DNA extraction because high 
molecular weight DNA could be obtained with high purity.  This DNA was free from inhibitors 
or contaminants and amplifiable in the subsequent PCR steps.  Therefore, this method is suited 
for molecular characterization of the bacterial community of silage samples and it is relatively 
inexpensive. 
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Figure 1. Total DNA extraction by three methods: Left: SDS and proteinase K, mid: CTAB, 
right: commercial kit. 
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In vitro measurements of whole plant corn silage digestibility after treatment with ferulic 
acid esterase-producing bacteria 
A. J. Spielbauer, B. K. Smiley, and W. M. Rutherford 
Forage Additive Research, Pioneer Hi-Bred International Inc., A DuPont Company, 7300 NW 
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Introduction Several microorganisms are known to exhibit ferulic acid esterase activity (FAE; 
EC 3.1.1.73) to facilitate the breakdown of plant cell wall material. Whole plant corn silage 
treated with the FAE-producing L. buchneri strain PTA-6138 has shown significant 
improvements in digestibility compared to untreated control. (Nsereko et al., 2008)   Although the 
FAE activities of PTA-6138 have been characterized previously using synthetic substrates 
(Smiley et al.,2008), a natural plant-based substrate would  provide valuable information about 
the direct affect of FAE on plant material. Recent interest in release of fermentable carbohydrates 
from plant cell walls for biofuel production has resulted in extensive research that combines plant 
material, degradative enzymes, and efficient analytical techniques. The purpose of this study was 
to apply similar techniques to develop a plant-based in vitro assay to validate digestibility 
improvements found in silages treated with strain PTA-6138. 
 
Materials and Methods Unensiled corn stover was dried, ground, and incubated in buffer 
containing strain PTA-6138 lysate or Pectinex (FAE positive control; Novozyme Corp, 
Franklinton, NC) with cellulase and xylanase (C/X). After 24hr, the concentration of reducing 
sugars (RS) in the buffer was determined. The NDF fractions from corn stover and whole plant 
corn silage were also tested. NDF from uninoculated silage was compared to silage inoculated 
with PTA-6138 (1x105 cfu/gm). Samples were incubated in buffer containing C/X, and RS 
concentrations were measured periodically for 24hr. RS per mg plant material was determined 
using a modified 2,2-bicinchoninate (BCA) assay (Kenealy and Jeffries, 2003). 
 
Results and Discussion It has been hypothesized that the FAE activity of strain PTA-6138 
cleaves ferulic acid linkages in plant cell walls during the silage fermentation, resulting in 
increased rumen availability of polysaccharides. The relatively small changes in the plant material 
may be difficult to detect through ruminal in situ and in vitro analysis, even though digestibility 
improvements have been shown in animal feeding studies. An in vitro digestion of plant material 
was designed to mimic the rumen environment under more controlled conditions. 
 
Corn stover and NDF from stover, forage, and silage appear to be suitable sources of substrate for 
this assay. Following digestion with FAE and C/X the RS released from this material was 
quantified and small differences between enzyme treatments were detected. The variability 
inherent in working with a natural substrate requires repetition and the microtiter format of the 
BCA assay allows for efficient analysis of multiple samples. Pectinex-treated corn stover 
consistently resulted in more RS released compared to the untreated control, particularly with 
NDF. PTA-6138 treated stover showed increased RS release but appears to have no affect on the 
stover NDF (Table 1). 
 

To validate the positive digestibility responses seen in ruminants fed PTA-6138 inoculated 
silage, the NDF of uninoculated and PTA-6138 treated silages were tested in vitro. NDF 
fractions treated with C/X continued to release reducing sugars over a 24 hr period. It appears 
that at ~ 6 hr, the NDF from PTA-6138 inoculated silage begins to exhibit a slightly faster rate of 
digestion than the uninoculated silage (Figure 1). The increased rate and release of sugar may be 



 

July 27-29, 2009 – Madison, Wisconsin, USA 460 

directly related to the increased fiber digestibility observed in animal feeding studies (Nsereko et 
al., 2008). 
 
Conclusion The in vitro enzymatic assay described here appears to be an effective tool to study 
minor changes in plant material that could result in significant improvements in animal 
performance. 
 
References 
Kenealy, W. R., and T. W. Jeffries. 2003. Rapid 2,2′-bicinchoninic-based xylanase assay 

compatible with high throughput screening**. Biotechnol. Letters 25:1619-1623. 
Nsereko, V. L., B. K. Smiley, W. M. Rutherford, A. Spielbauer, K. J. Forrester, G. H. Hettinger, 

E. K. Harman, and B. R. Harman. 2008. Influence of inoculating forage with lactic acid 
bacterial strains that produce ferulate esterase on ensilage and ruminal degradation of fiber. 
Anim. Feed Sci. Technol. 145:122-135. 

Smiley, B.K., A. J. Spielbauer, and W. M. Rutherford. 2008. Cloning of ferulic acid esterase 
genes from a digestibility-enhancing Lactobacillus buchneri silage additive strain. 9th 
Symposium on Lactic Acid Bacteria. Abstract D032. 

 
Table 1. Differences in the amount of reducing sugars released from FAE treated corn stover 
following cellulase/xylanase treatment compared to non-FAE treated control 

  Corn stover Stover NDF 

FAE source 
% Change from 

control 
% Change from 

control 
PTA-6138  21.91 -2.81 
Pectinex 17.19 107.43 
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Figure 1. Reducing sugars released from corn silage NDF (uninoculated control silage and PTA-
6138 inoculated silage) during cellulase and xylanase incubation 
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New evaluation methods in Germany for fermentation quality and content of metabolizable 
energy in grass and maize silages 
W. Staudacher*1 and H. Schenkel2 

1DLG e.V. (German Agricultural Society) Frankfurt, Germany and GfE (Society of Nutrition 
Physiology) Frankfurt, Germany, 2University of Hohenheim, Germany; Email: 
W.Staudacher@DLG.org 
 
Introduction During the last 3 years the evaluation methods for grass and maize silage regarding 
energy and fermentation quality in Germany have been revised by three working groups. A 
three-step procedure has been developed regarding the different practical requirements and 
possibilities. 
 
Materials and Methods Step one: Numerous silages were raised to a database to develop a 
standardized sensory check of the silage sample. The results of chemical analysis have been 
compared with the sensual properties of these silages. Step two: Another collective of 2,431 
silages from farms and 624 silages from laboratory scale silos in different regions of Germany 
(Kaiser and Weiss, 2005) has been analysed for the dry matter (DM) content, fermentation acids, 
ammonia, and pH value of the silagesto generate a score for evaluation the conservation success 
of silage samples. Step three: Digestiblity of crude nutrients was determined in a collective of 
506 experiments with wethers at eight research institutes in Germany and Austria from 1990 to 
present. In every experiment, the concentration of metabolisable energy (ME) was calculated 
from digestible crude nutrients. This data set formed the basis from which prediction equations 
of ME concentration have been derived. A subset of data was separated for later validation of the 
prediction equations. Data sets of 139 maize forages were contributed from 11 institutions with 
digestibilities determined with wethers. Materials included maize for silage, maize silage, maize 
cob products, and maize stem silage (without corn and cob). The concentration of ME was 
calculated from digestible crude nutrients. This data set was split into calibration and validation 
subsets in the ratio of 2:1. Prediction equations were derived with SAS statistical software. The 
R2 and RMSE values were used to appraise the goodness of fit. 
 
Results and Discussion Step one and step two resulted in two different standardized scores for 
estimation forage quality (DLG, 2004 and DLG, 2006). The sensual procedure first focuses the 
supposed energy content of the fresh herbage by taking six types of sward composition and 
seven stages of maturity resp. times of cutting into consideration. Afterwards the conservation 
success is estimated on the basis of odor (five resp. four different intensities of odors of butyric 
acid, acetic acid, and roasting and alcoholic fermentation processes and mold), color (four 
different intensities of turning brown or yellow), respectively, four degrees of texture. Optionally 
the estimation can be completed by including of DM content and pH value. At last corrections 
are used in the case of soiling. This sensual score is predominately suited for evaluation silage or 
hay quality in the field. The second standardized score is based on analysed fermentation acids 
related to DM content (butyric and acetic acids). Quality scores (five different grades of quality) 
were differentiated according to the presence of butyric acid (11 levels) and acetic acid (8 levels) 
with a correction at higher pH values (4 levels). Finally, step three comprises new equations for 
predicting the content of metabolisable energy (GfE, 2008). Crude ash, crude protein, crude fat, 
crude fiber, ADFom, and NDFom were used as dependent variables in the regression analysis 
and enzyme soluble organic matter and gas production as in vitro variables. The following two 
equations are recommended for fresh grass, grass silage, and hay of all cuts. Due to a more 
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precise estimation, the equation that includes GP should be preferred, but the alternative 
consideration of ESOM is also possible. 
 
Conclusions The three evaluation methods can be used isolated or in combination to predict 
forage quality. These data were also related to the estimation of forage intake. 
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Equation based on ESOM Equation based on GP 
ME (MJ/kg 
DM ) = 5.51 

ME (MJ/kg 
DM ) = 7.81 

 + 0.00828 ESOM  + 0.07559 GP 
 - 0.00511 CA  - 0.00384 CA 
 + 0.02507 CL  + 0.00565 CP 
 - 0.00392 ADFom  + 0.01898 CL 
   - 0.00831 ADFom 
R2 = 0.81 
RMSE = 0.50 MJ/kg DM; 5.2%  

R2 = 0.82  
RMSE = 0.45 MJ/kg DM; 4.7%  

where CA, CP, CL, ADFom and ESOM are in g/kg DM and GP is in mL/200 mg 
DM. 

The following equation is recommended for the prediction of ME in maize products. 
ME (MJ/kg DM ) = 7.15 
 + 0.00580 ESOM 
 - 0.00283 NDFom 
 + 0.03522 CL   

 R2 = 0.83, RMSE = 3.8 % 

where CL, NDFom, and ESOM are in g/kg DM. 

Abbreviations used: ADFo= acid detergent fibre expressed exclusive of residual ash; CA = crude 
ash; CF = crude fibre; CL = crude fat; C= crude protein; DM = dry matter; DOM = digestibility 
of organic matter; ESOM = enzyme soluble organic matter; GP = gas production; ME = 
metabolisable energy; NDFom = neutral detergent fibre not assayed with a heat stable amylase 
and expressed exclusive of residual ash; R2 = coefficient of determination; RMSE = residual 
mean square error; SD = standard deviation. 
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Figure 1. Possible pathways of o-
diphenol biosynthesis involve specific 
hydroxycinnamoyl transferases (HCT-
S and HCT-M) and hydroxylases 
(C3H).

Providing o-diphenols for PPO-mediated proteolytic inhibition in legume silages: 
elucidating the o-diphenol biosynthetic pathway in red clover 
M. L. Sullivan 
USDA, ARS, US Dairy Forage Research Center, Madison, WI, 53706, U.S.A.; 
E-mail: michael.sullivan@ars.usda.gov 
 
Introduction In red clover, post-harvest oxidation of 
o-diphenol caffeic acid derivatives to o-quinones by 
an endogenous polyphenol oxidase (PPO) prevents 
breakdown of forage protein during ensiling (Sullivan 
and Hatfield, 2006). Agronomically important forages 
like alfalfa lack both PPO and o-diphenols. 
Consequently, breakdown of their protein upon 
harvest and ensiling results in economic losses ($100 
million/yr in the US alone) and release of excess 
nitrogen into the environment. Understanding how 
red clover is able to synthesize and accumulate o-
diphenols will help in development of forages that 
take advantage of this natural system of protein 
protection. A possible pathway for synthesis of 
phaselic acid (caffeoyl-malate) in red clover 
involving specific hydroxycinnamoyl transferases 
(HCT) and hydroxylases (C3H) is shown in Fig. 1. 
We have been isolating the genes encoding these 
enzymatic activities from red clover and assessing their roles in phaselic acid biosynthesis. 
 
Materials and Methods Genes for a red clover HCT (HCT1) and C3H were identified by 
screening a red clover cDNA library. A second HCT (HCT2) was identified among a collection 
of red clover expressed sequence tags. HCT1 and HCT2 were expressed in E. coli and C3H was 
expressed in yeast to assess enzymatic activities. HCT2 expression was down-regulated in red 
clover by RNAi and over-expressed in transgenic alfalfa. Measurements of hydroxycinnamoyl 
ester content and HCT activity were carried out as previously described (Sullivan, 2009). C3H 
activity was measured essentially as described by Schoch et Al. (2003). 
 
Results and Discussion HCT1 protein is capable of transferring p-coumaroyl or caffeoyl 
moieties from the corresponding CoA thiolesters to shikimic acid (HCT-S in Fig. 1) and is 
similar to many previously characterized hydroxycinnamoyl transferases. HCT2 protein is 
capable of transferring p-coumaroyl, caffeoyl and feruloyl (3-methoxycaffeoyl) moieties from 
the corresponding CoA thiolesters to malic acid (HCT-M in Fig. 1), an activity not previously 
described for this class of transferases. Down-regulation of HCT2 expression in red clover 
reduces phaselic acid and p-coumaroyl-malate to nearly undetectable levels (Table 1). Alfalfa 
transformed with the red clover HCT2 gene has hydroxycinnamoyl-CoA:malate transferase 
activity (2 pkat/mg) approaching that of wild type red clover and accumulates p-coumaroyl- and 
feruloyl-malate, but not phaselic acid (Table 1). These results indicate that, in red clover, HCT2 
plays a crucial role in phaselic acid biosynthesis and, when expressed in alfalfa, results in the 
accumulation of hydroxycinnamoyl-malate esters. To date we have identified a single C3H in red 
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clover. Yeast-expressed red clover C3H is capable of hydroxylating p-coumaroyl-shikimate to 
caffeoyl-shikimate (similar to C3H enzymes identified in other plant species) but does not 
hydroxylate p-coumaroyl-malate or free p-coumaric acid (Fig. 2). This finding suggests that, in 
red clover, phaselic acid is formed by transfer of a caffeoyl moiety to malic acid by HCT2 and/or 
that a second C3H exists that is capable of hydroxylating p-coumaroyl-malate. 
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Table 1. Hydroxycinnamoyl-malate ester content1 (μmol/g fresh weight) of wild type and 
transgenic red clover (HCT2 down-regulation) and alfalfa (HCT2 over-expression). For red 
clover, analyses from three different genotypes are provided 

Plant Phaselic 
acid 

p-Coumaroyl- 
malate 

Feruloyl- 
malate 

Red Clover NRC3-Control 5.82 0.74 -- 
 NRC3-Silenced 0.02 -- -- 
 NRC27-Control 6.33 1.40 -- 
 NRC27-Silenced 0.10 0.05 -- 
 NRC30-Control 4.43 1.92 -- 
 NRC30-Silenced 0.01 -- -- 
Alfalfa RSY27-Control -- -- -- 
 RSY27-HCT2 -- 1.88 0.40 
1None detected = -- 
 
 

Figure 2. Hydroxylation of p-coumaroyl-shikimate (left) and p-coumaroyl-malate (right) by red 
clover C3H. Reaction mixtures with the indicated p-coumaroyl substrate were resolved by HPLC 
prior to (background) and after (foreground) incubation with yeast-expressed red clover C3H. 
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Evaluation of dry matter intake and weight gain in steers fed diets containing corn silage 
ensiled with Silaferm 
P. G. Summer1  and A. Trenkle2 
1Ajinomoto USA Technology and Engineering Center, Eddyville, Iowa 52553, U.S.A., 2Iowa 
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Introduction Silaferm is a silage additive formulated from downstream processes that result 
from the fermentative production of amino acids.  It contains nitrogenous compounds such as 
ammonium salts (approximately 50%, dry wt. basis), peptides, free amino acids and bacterial 
proteins as well as organic acids, sugars and betaine. The mixture of inorganic and organic 
nitrogen provides a ready source of available nitrogen for microbial growth.  Sources of non-
protein nitrogen (NPN) such as urea or ammonia have been studied extensively as silage 
additives.  Ammonium salts have not been studied in detail as corn silage additives.  They tend 
to be acidogenic and might have a different affect upon ensiling compared with alkalogenic NPN 
sources such as ammonia.  Initial laboratory tests indicated that Silaferm can improve aerobic 
stability, increase in vitro digestibility and reduce plant protein proteolysis during ensiling of 
chopped corn plants (Schmidt et. al, 2006). The objective of this experiment was to determine 
dry matter intake and growth rate of young steers fed treated silage compared with untreated 
silage supplemented with soybean meal and control silage with Silaferm added at the time of 
feeding during a 90 to 100-day growing period. 
 
Materials and Methods Two, 2.4 meter diameter plastic silo bags were filled with chopped, 
whole plant corn from one field at the Iowa State Beef Nutrition Farm.  One bag was filled with 
chopped corn treated with Silaferm (2.5% wet forage weight basis) and the other with untreated 
corn chopped the same day.  The feeding experiment was designed as a split block with 4 pens of 
6 steers (261 kg average weight) for each of three treatment diets.  Diets consisted of corn silage 
(92% of diet DM) and concentrate mix (8%).  Control diets were supplemented with either a 
mixture of soybean meal plus urea (Control) or Silaferm added at time of feeding 
(Control+Silaferm) to be isonitrogenous with the Silaferm treated (Silaferm) silage (10.5% CP). 
All diets were balanced to have a positive cation-anion ratio (Na + K – S – Cl). Table 1 shows 
the composition of each diet as means of weekly totally mixed ration samples.  The cattle were 
implanted with Component E-S at the start of the experiment and fed according to appetite.  
Starting and ending weights of each steer were the average of two weights obtained on 
consecutive days.  Each pen was an experimental unit, and the experimental feeding period 
lasted 88 days. 
 
Results and Discussion Average daily feed dry matter intake tended to be higher for steers 
consuming Silaferm compared with Control (Table 2, P = 0.06) and was similar compared with 
Control+Silaferm.  Daily gain tended to be higher (P = 0.21) for Silaferm compared with Control.    
Efficiency of gain per unit of feed did not differ among treatments. The average crude protein 
content of Control+Silaferm diet was higher compared with the formulations for diets to be 
isonitrogenous and below the calculated protein requirement (Table 1).  As a result, steers 
consuming Control+Silaferm had a 10% increase in crude protein intake compared with others. 
Steers consuming Silaferm tended to have (P = 0.11) a higher protein efficency ratio compared 
with those consuming Control and had higher efficiency ratio compared with Control+Silaferm.   
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Conclusions The results of this study suggest Silaferm-treated corn silage may support increased 
feed intake and faster weight gain in growing beef steers compared with untreated silage.   
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Table 1. Composition of diets (dry basis) 

 Silage treatment 
 Control Control + Silaferm Treated with Silaferm 
    
Chemical compositiona    
Crude protein, % DM 10.79 11.75 10.44 
Sodium, % DM 0.28 0.33 0.35 
Potassium, % DM 1.03 1.54 1.56 
Chlorine, % DM 0.33 0.40 0.46 
Sulfur, % DM 0.18 0.39 0.32 
milli-Equivalents/kgb 180 244 222 
aAverage of weekly TMR samples; 11 weeks. 
bCalculated as (Na + K) – (Cl + S). 
 
 
Table 2.  Performance of steers consuming corn silage diets 
 Treatment  

Item Control Control + 
Silaferm 

Silaferm 
treated 
silage 

SEM 

Beginning wt, kg 274 274 274  
Ending wt, kg 378 383 387 3.5 
Gain, kg/d 1.14 1.23 1.24 0.04 
Feed intake, kg DM/d 6.91 7.18 7.24 0.09 
Gain/Feed 0.165 0.171 0.171 0.004 
Crude Protein intake, 
kg/88d 

66.2a 74.4b 67.1a 0.85 

Protein Efficiency Ratioc 1.57a 1.51b 1.69a 0.04 
abMeans within rows with unlike superscripts differ, P < 0.05. 
cProtein efficiency ratio = kg of live-weight gain/kg of crude protein intake. 
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Effects of feeding wilted red clover and grass silages as a sole or mixed forages on feed 
intake and milk production in dairy cows 
A.Vanhatalo1, P. Pursiainen1, M. Tuori2, and S. Jaakkola1 
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Introduction Red clover is a dominant N2-fixing forage legume used for silage production in 
northern Europe.  Similar to other forage legumes, red clover is known for greater intake 
potential and animal performance than grasses (Albrecht and Beauchemin, 2003). However, 
ensiling characteristics of red clover, such as long time required for wilting, exposures red 
clover at harvest to unstable weather conditions and might lead to extensively fermented low dry 
matter (DM) silages with reduced intake (Vanhatalo et al., 2008). Also, the relative silage DM 
intake index developed for grass silages is unable to predict accurately the intake responses to 
replacement of grass with a high proportion of legumes (Huhtanen et al., 2007).  Therefore, 
more data on using red clover silage in dairy cow feeding is needed. The objective of the present 
study was to examine the effects of feeding wilted red clover and grass silages as a sole or 
mixed forage on feed DM intake, diet digestibility, milk production and composition, as well as 
feed N efficiency in dairy cows. 
 
Materials and Methods Eight Ayrshire cows in early lactation were used in a replicated 4 x 4 
Latin square experiment with 21-d periods.  The four dietary treatments consisted of primary 
growth timothy-meadow fescue grass silage (G) and red clover silage (R) harvested at the same 
day, and their 1:1mixture (GR). A grass silage harvested 4 days earlier than G and R was used 
as a control (C). Before ensiling, grass herbages were wilted for 1 day and red clover for 2 days. 
Formic acid-treated silages were fed ad libitum and supplemented with 9.5 kg/d of a concentrate. 
Blood samples were taken from tail veins twice during the last day of each experimental period. 
 
Results and Discussion All the silages (26.1, 37.2, and 33.7 % DM in C, G and R, respectively) 
were well preserved and restrictively fermented (data not shown). Compared to G diet, feeding 
R diet led to higher silage DM intake and milk yield, but energy corrected milk yields between 
the treatments were unchanged (Table 1). Owing to postponing the harvest with 4 d, fiber 
digestibility of three other diets reduced as compared to C diet. Milk protein concentrations were 
not affected, but milk fat concentration tended to be lower, and lactose as well as C18:3 (n-3) 
concentrations in milk were higher for R than G treatments. Feed N efficiency in terms of milk-
N/N intake was higher with G than R diet, and tended (interaction P<0.10) to be lower with RG 
than the mean value of G and R diets.  Plasma glucose, NEFA, BHB or acetate concentrations 
were unchanged between the treatments (data not shown).   
 
Conclusions Using a mixture of grass and red clover silages rather than exclusively red clover 
silage offers a means to benefit from N2-fixing ability as well as good intake and production 
potential of red clover with lower reductions in feed N efficiency in dairy cows.  
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Table 1. Effects of dietary treatments on silage and total DM intake, milk production, milk 

composition, and apparent digestibility of diets in lactating dairy cows 
Item Experimental diets1 Statistical 

significance2,3, P 
 
 C G R GR 

SEM C vs. 
G+R+RG G vs. R 

Harvesting date in June 16 20 20 20    
Silage DM intake, kg/d 11.2 10.7 12.0 11.8 0.60 NS ** 
Total DM intake, kg/d 19.6 19.2 20.3 20.1 0.50 NS * 
Crude protein intake, kg/d 2.86 2.64 3.62 3.17 0.064 *** *** 
Digestibility of OM, % 72.7 70.4 72.8 69.8 0.78 NS o 
Digestibility of N, % 69.7 67.9 70.4 66.9 0.97 NS o 
Digestibility of NDF, % 59.3 56.2 51.8 52.2 1.62 * NS 
Milk yield (MY), kg/d 28.4 28.1 29.6 28.7 1.01 NS * 
Energy corrected MY kg/d   29.2 29.1 30.0 29.6 0.89 NS NS 
Milk fat, % 4.30 4.37 4.15 4.33 0.136 NS o 
Milk protein, % 3.34 3.32 3.33 3.33 0.078 NS NS 
Milk lactose, % 4.58 4.55 4.63 4.58 0.064 NS *** 
Milk fatty acid (FA) composition, % of total FA 
  C18:2 n-6 1.79 1.88 2.15 2.01 0.069 NS *** 
  C18:3 n-3 0.42 0.42 0.82 0.62 0.021 NS *** 
  CLA cis-9,trans-11 0.49 0.52 0.55 0.57 0.034 ** NS 
  Unsaturated FA 27.4 28.1 27.7 28.4 0.47 * NS 
Milk urea, mg/dL 27.1 24.5 34.5 31.1 1.09 * *** 
Milk-N/N intake, % 32.4 34.5 26.7 29.4 0.60 ** *** 

 1C=control grass silage harvested 16 June; G=grass silage harvested 20 June; R=red clover   
silage harvested 20 June; RG=1:1 mixture of G and R, respectively. 
2No interaction (G+R) x GR were detected unless otherwise stated in the text. 
3NS = non-significant, o P ≤ 0.10, * P  ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001. 
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Comparison of the chemical composition, nutritive value and hygienic quality of barley 
grains either high moisture preserved anaerobically or ordinary dried 
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Introduction Drying it is no longer an option for feed grain technology to protect cereals from 
spoilage due to significantly increased costs for energy and additional investments into drying 
capacities. A strategically desirable approach is the ensiling of early combined moist cereals to 
produce a highly digestible moist feed that has benefit for both the farmer and their stock. High-
moisture crimped grain preservation in hermetic plastic sleeve is an attractive and interesting 
alternative to drying and based on a procedure similar to ensiling grass (Jaakkola et al., 2005). 
This study was aimed to evaluate the effectiveness of ensiling high moisture barley (MB) grains 
and to compare the effects of dry barley (DB) and ensiled barley on feed intake and milk 
production of dairy cows.  
 
Materials and Methods The MB was combine harvested at the cheesy ripe stage of maturity dry 
matter (DM) 564 g/kg and DB at complete maturity (796 g DM/kg) from the same field. The MB 
grains were rolled, treated with acid additive (3.5 l/t, AIV2000, Kemira Oyj) and conserved in a 
plastic tube using Murska Crimper-Bagger. The DB was dried to the final DM content of 842 
g/kg and stored in aerated bin. Eighteen dairy milking cows were selected for the experiment 
according to parity, lactation, date of calving, present milk yield and last year milk yield and live 
weight. Cows which were randomly assigned to one of two groups (n=9) were given concentrate 
(containing different treated barley grain) at fixed amount. Group D was fed concentrate mixture 
- DB-rapeseed meal-vitamin mineral supplement: 730-230-40 g/kg) and group M was offered 
concentrate based on MB (with fixed DM proportion of MB to DB) supplemented with equal 
value to group D of rapeseed meal and vitamin mineral supplement. Both groups were offered 
grass-legume silage ad libitum. Each forage was fed twice daily. The data were analyzed using 
analysis of variance to test for the effect of silage treatments (Genstat, 1987). For the feed intake, 
a group of 9 cows was considered as the experimental unit. For milk yield, milk protein yield and 
milk fat yield respectively, each cow within a group was considered as the experimental unit. A 
probability of 0.05 < P < 0.10 was considered a near-significant trend. 
 
Results and Discussion The results of the experiment show that ensiled barley (MB) has 
significantly higher basic nutrient content and significantly higher digestible energy 
concentration when compared with DB (Table 1). The fermentation quality of MB was good as 
indicated by optimal pH (4.09), ammonia-N (48.1 g/kg N), and volatile fatty acids (21.5 g/kg 
DM) content. Lactic acid, butyric acid and ethanol content in MB silage were 12.9, 0.1 and 4.0 
g/kg DM respectively. Similarly the quality of grass-legume silage was good with pH value 
(4.2), dry matter (320 g/kg), ammonia-N (46 g/kg N) and volatile fatty acids (32 g/kg DM) 
content. Lactic acid content was 44 g/kg DM and butyric acid was not detected. The results of a 
study confirmed good hygienic quality of anaerobically preserved high-moisture grain because 
the concentration of the mycotoxins and microbial contamination were lower when compared 
with dried grain. The intake of grass-legume silage was higher by 0.3 kg DM/day for the cows 
offered concentrates with ensiled MB in comparison with cows fed concentrates with DB (Table 
2). The increased silage intake and higher MB digestible energy value were reflected in higher 
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milk yield, with higher milk fat concentration and a higher by 1.3 kg ECM. The increased milk 
production was observed for the cows fed high moisture corn (Clark et al.1973), and high 
moisture barley tended to have higher milk yield, milk fat percent, and milk persistency if 
compared with the cows fed dried barley (Kennelly et al., 1988). It can be supposed that the 
cows fed moisture grain have slower starch digestion in the rumen and that results in improved 
utilization and improved rumen function.  
 
Conclusions The results suggest that ensiled crimped moisture barley has higher nutritive value 
than dry barley and shows a tendency to increase grass-legume silage intake and results in higher 
milk production and improved milk quality. Good hygienic quality of ensiled BM can help avoid 
the animal productivity problems potentially caused by the ingested mycotoxins. 
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Table 1. Chemical composition of dried and ensiled moisture barley grain (g/kg DM) 
Treatment Dry 

matter 
Crude 
protein

Starch 
 Ash Sugar ADF NDF Dig. energy, 

MJ/kg DM 
Dried barley  842 140 589 25 32 105 174 14.2 
Ensiled barley 563 149 570 26 60 87 157 15.3 
SEM 48.25 1.53 3.35 0.3 5.04 3.31 3.42 0.18 
P ** ** ** ns ** ** ** ** 
Significance: ** = P < 0.01 
 
Table 2. The effect of ensiled moisture barley on forage intake, milk yield and milk composition 
in cows 

Intake, 
kg DM/day 

Milk and constituent yield, 
kg/day 

Milk composition, 
g/kg 

Treatment 
 

Silage Conc. Milk ECM Fat Prot. Fat Prot Lact. 
Dried barley  11.8 6.7 19,8 20.9 0.864 0.662 43.1 33.1 48.1 
Ensiled barley 12.1 6.7 21.1 22.2 0.922 0.734 43.9 34.7 49.8 
SEM 0.32 0 0.45 0.49 0.02 0.02 0.03 0.04 0.04 
P 0.224 0 0.199 0.172 0.088 0.167 0.538 0.063 * 
Significance: * = P < 0.05 
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1BAG Budissa Agroservice GmbH, 02694 Kleinbautzen, Germany, 2ADDCON EUROPE GmbH, 
Areal E, Säurestr. 1, D - 06749 Bitterfeld-Wolfen, 3Freelance consultant for forage conservation, 
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Introduction The use of sugar beets has attracted significant attention as potential substrate for 
biogas production since dry matter (DM) yield per hectare and gas production per kg DM are 
high. However, storability of this crop is limited. The aim of this study was to evaluate the 
process of preservation of sugar beets by ensiling in Ag-Bag plastic bags.  
 
Materials and Methods Preliminary tests on the possibility of storing whole beets in plastic 
tubes were carried out in 2007. Whole and crushed sugar beets, harvested in November 2008, 
were then stored in plastic drums (215 L, 4 replications) and left untreated or treated with 
KOFASIL® STABIL (containing sodium benzoate and potassium sorbate) to inhibit fungal 
development. Crushed beets were treated with the additive at 2 L/t, whereas whole beets were 
dipped in the solution for about 2 min. Storage time of this trial was 4 months. After opening the 
drums, the beets (whole and crushed) were homogenized using a garden chopper. The 
determination of DM and fermentation products was done by routine analytical procedures, fresh 
matter recovery was calculated based on individual weight of effluent and silage, and 
temperature change upon exposure to air was monitored by inserting data loggers into insulated 
polystyrol boxes for 15 days. Data were submitted to statistical analysis by ANOVA.  
 
Results and Discussion The whole sugar beets underwent intensive fermentation as, under 
anaerobic conditions, beet cell tissue dies off and releases some juice that in turn is fermented. 
As expected, the fermentation process started in the peripheral areas of the sugar beet, leading to 
production of high concentrations of fermentation products (Table 1). Since the vast proportion 
of DM in sugar beets silages is composed of soluble compounds (saccharose, fermentation 
products), DM (corrected for loss of volatiles during drying) of effluent is nearly as high as the 
silage. Therefore, all effluent must be collected and used in biogas facilities. Whole beets 
produce significantly less effluent; thus, the risk is markedly reduced for nutrient losses through 
uncontrolled effluent leakage, which in turn makes it possible to store the beets in plastic tubes 
(Table 2). However, air ingress into the voids between whole beets causes a higher risk of 
aerobic losses upon emptying the plastic tubes. Application of chemical additive significantly 
reduced fungal contamination at the end of fermentation (whole beets: P = 0.07, crushed beets: P 
< 0.001) but somewhat increased effluent production. Upon subsequent exposure to air, 
temperature of untreated beets rose significantly, to about 40°C, indicating massive aerobic DM 
losses, whereas temperature of treated material remained almost at ambient level (Figure 1).  
 
Conclusions Results of this trial should support and promote the future use of cost-efficient 
bagging technology in the preservation of sugar beets as a substrate for biogas production. 
Further studies are necessary and have already been initiated. 
 
Acknowledgement This study was co-financed by NAWARO® BioEnergie AG (Germany). 
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Table 1. Concentration of saccharose and fermentation products in whole ensiled sugar beets 
(beets stored in a plastic tube from December 2007 to August 2008) 

Parameter Section of the whole sugar beet 
   Outer section Mid section Core section 
DMcorrected, g/kg          250          231           242  
Saccharose, g/kg FM            62.6            78.9             88.4  
Lactic acid, g/kg FM            10.2              8.9               7.8  
Acetic products, g/kg FM            10.6              9.6               7.9  
Ethanol, g/kg FM            35.6            40.0             40.5  
PH              3.85              3.85               3.85  

1) DMcorrected (g/kg)=DMuncorrected+0.95*volatile fatty acids (C1-C4, g/kg)+0.08*lactic acid 
(g/kg)+ 1.00*alcohols (C1-C4, including diols, g/kg); Weissbach and Strubelt, 2008, 
www.LANDTECHNIK-NET.com 

 
Table 2. Fermentation loss and fresh matter recovery of ensiled whole sugar beets (beets stored 

in plastic drums from December 2008 to March 2009) 
Parameter Crushed sugar beets  Whole sugar beets 
  untreated   treated   untreated  treated  
Fermentation loss, % of ensiled DM      
Mean          3.8        2.5  P =.134         9.4       1.8 P <.001 
Standard deviation          1.5        0.3          0.5       0.4  
Fresh matter (kg) recovered from 1,000 kg of ensiled sugar beets   
Silage      605    566  P =.008     900   883 P =.01 
Effluent      383    429  P =.009       78   113 P =.001 
Total      988    995  P =.130     978   996 P =.001 
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Figure 1. Effects of additive treatment of whole sugar beets on temperature rise upon exposure to air 
(sugar beets previously stored anaerobically in plastic drums from December 2008 to March 2009)  
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Introduction Storing the grain in large plastic bags on the fields reduces labor time requirement 
in the harvest period. Additionally short-time storage of grain provides the chance to get along 
fluctuations in prices without investment in building operations. Experiences with high moisture 
grains in large plastic bags already showed, that there is a slight fermentation starting at 25% 
moisture content with losses of only 1% (Matthiesen 2006). The objective of this study was to 
compare the storage of grain with low moisture content in plastic bags with the conventional 
bulk storage of grain regarding quality parameters.  
 
Materials and Methods The experiments were undertaken in 2008/09. Newly harvested wheat 
(moisture content 12%) was stored during a period of six months in two plastic bags (9’ 
diameter, 10 m length, AG BAG Profi Farmbagger, performance >300 t/h) and parallel in a 
granary on the same farm. After the plastic bags had been filled, temperature loggers were 
inserted into the centre of the silo at eight measuring points lengthwise on the right and left side 
of the bag (distance of 2 m each). After two weeks, one month, three and six months samples 
were collected at the same measuring points below the plastic film and in 0.80 cm depth (n=4). 
Parallel samples were taken in the granary in the same intervals and at the same measuring 
depths. The second bag was kept closed for the whole period to analyze the influence of the 
sampling in the first bag. The samples were analyzed for dry matter, starch, crude protein, pH-
value according the German standard methods (VDLUFA, 2007) and the microbiological 
groups bacteria, yeast and mould according the German guideline (DGHM, 2007). 
 
Results and Discussion Only minor differences were revealed by investigations concerning the 
temperature development in the silos. There was a gradually decrease in temperature over the 6 
months; it converges to the ambient temperature (Figure 1). Similarly, results demonstrated that 
there were no differences between the positions ‘upper part’ and ‘centre’ of the bag in 
parameters of pH-, starch, crude protein content,  bacteria, yeast, and mould count, and 
germination. There were no differences between positions and no differences between storage 
systems (Figure 2). It can be concluded from the very low differences, that the storage in a 
plastic bag has no influence on the baking characteristics of bread. Further investigations are 
concentrating in this parameter. 
 
Conclusions The results demonstrate that temporary grain storage in plastic bags does not lead 
to any grain quality loss compared to conventional storage. Because of the very low costs of the 
flexible bagging system it represents an alternative to high investment in permanent storage 
structures for grain. 
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Figure 1. Temperature data in the plastic bags during the storage in comparison with the 
ambient temperature 
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Figure 2. Effect of different storage systems of wheat on chemical and microbiological 
parameters.  
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NDF mass decreases as corn plants mature 
P. Walker,1, J. M. Carmack1, L. H. Brown2, and F. N. Owens2. 
1Illinois State University, Normal, IL 61790, U.S.A., 2Forage Additive Research, Pioneer Hi-
Bred International Inc., A DuPont Company, 7300 NW 62nd Ave., Johnston, IA 50131-1004, 
U.S.A.; Email: fred.owens@pioneer.com 
 
Introduction When corn plants mature and dry matter increases from 30 to 40%, the normal 
stage for corn silage harvest, grain deposition increases.  This increases starch as a percentage of 
dry weight and decreases the NDF percentage primarily by dilution.  Yet, calculations from 
serial harvest studies where both plant weight and composition have been measured (e.g., Cox 
and Cherney, 2005) indicate that the weight of NDF per plant decreased as corn plants matured.  
Precisely which fractions of NDF are mobilized has not been determined.  Selective mobilization 
of the more digestible fractions of NDF would cause NDF digestibility to decline even if the 
weight of indigestible NDF remained constant.  The objective if this experiment was to quantify 
the change in weight of various NDF components during maturation of corn plants. 
 
Materials and Methods Nine Pioneer corn hybrids (107 to 116 day CRM) were grown in 2008 
near Normal, IL and harvested 15 cm above ground level starting 102 days after seeding and 
weekly thereafter until plant DM content reached 50%.  On each date, ten plants from each 
hybrid were harvested and divided into two sections, the bottom 46 cm and the remaining top 
section. Top sections and total plants (recombined) were assayed at a commercial laboratory for 
nutrient composition (CP, starch, sugars, NDF, ADF, ash) and at Pioneer for in situ NDF 
disappearance using a 48 hour incubation period with 16 replicate 0.5 g ground (6 mm Wiley 
mill) sub-samples in 5X5 cm 50 micron Dacron bags and standard NDF extraction procedures 
(Ankom Technology, Macedon, NY).  Linear and quadratic responses in composition and in 
weights of components to harvest date and to plant DM with hybrid effects removed was 
calculated. 
 
Results and Discussion As harvest date advanced, NDF, ADF, sugars, and ash concentrations 
all decreased (P < 0.05) as would be expected from dilution by added starch (Table 1).  However, 
as harvest date advanced, weight per plant of NDF, ADF, sugars, and ash all decreased (P < 
0.01) while weights of dry matter, protein, and starch per plant increased (P < 0.01; Figure 1).  
Transformation to starch (increasing 3.4 g/d) can explain the disappearance of sugar (0.6 g/d) 
mass from corn plants, but decreased weights of NDF and ADF (0.93 and 0.55 g/d per plant or 
1.3 and 0.8% of total mass/d) must reflect either fiber mobilization or errors in analytical 
procedures.  Mass of lignin per plant did not decrease as maturity or dry matter content of plants 
increased.   
 
Conclusions Because mass of NDF decreased as corn plants matured while lignin did not 
decrease, digestibility of the NDF alone is imprecise as an index of relative energy availability 
for plants harvested at different maturities.  For estimating energy availability, both NDF content 
and NDF digestibility must be considered. 
 
References 
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Figure 1. Weight per plant of various components for 9 hybrids harvested on different dates. 
 
Table 1. Change in composition (%) and in weight per corn plant of various components with 
date of harvest or with increased plant dry matter content 
         Change per day      Change per 1% DM 
 % of DM  g/plant  % of DM  g/plant  
Wet matter  --  -8.54 ***  --   -11.1 *** 
Dry matter 0.67 *** 2.03 ***  --  2.92 *** 
Protein 0.00  0.15 *** 0.01  0.21 *** 
Starch 1.26 *** 3.41 *** 1.82 *** 4.89 *** 
Sugars -0.36 *** -0.60 *** -0.52 *** -0.81 *** 
NDF -0.79 *** -0.93 *** -1.15 *** -1.37 *** 
ADF -0.48 *** -0.55 *** -0.69 *** -0.79 *** 
Lignin -0.02   0.03   -0.04   0.03   
Cellulose -0.46 *** -0.58 *** -0.65 *** -0.82 *** 
Hemicellulose -0.31 *** -0.37 *** -0.46 *** -0.57 *** 
Ash -0.05 *** -0.06 *** -0.08 *** -0.09 *** 
NDFD 0.07 ***  --  0.14 *  --  
Digested NDF  --  -0.40 ***  --   -0.56 *** 

*P < 0.05; *** P < 0.001. 
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A survey of bacteria community structure of commercial total mixed ration silage  
C. Wang and N. Nishino 
Graduate School of Natural Science and Technology, Okayama University, Okayama 700-8530, 
Japan; Email: zuimeng1580@yahoo.co.jp 
 
Introduction It has become a common practice in Japan that high-moisture by-products are 
stored with dry feeds as a total mixed ration (TMR) silage. This may minimize the risk of 
effluent production and can omit the time for mixing prior to feeding. Unpalatable by-products 
could be incorporated into a TMR, if their odors and flavors are altered through the fermentation 
in a silo. An interesting property of the TMR silage is high stability after silo opening; heating 
would not occur even in summer, whereas non-ensiled TMR will deteriorate quite rapidly. 
Although we have suggested the activity of Lactobacillus buchneri to account for the stability 
(Wang and Nishino, 2009), the by-products we used stemmed exclusively from local firms. 
Differences may exist dependent on regions and firms in ingredients and micro-organisms of 
TMR silage. In this study, commercial TMR silages were collected from various regions in 
Japan, and their fermentation and bacterial community were determined. 
 
Materials and Methods From 6 firms located in different regions, we collected 18 samples of 
TMR silage. The silage is commercialized in a form of a transportable (300-400 kg) bag silo, and 
about 500 g of representative sample was sent to our laboratory as a frozen package. Four firms 
made monthly samplings (different production lot), and the other two sampled at 2, 4 and 8 
weeks after sealing (different storage period). Fermentation products were determined on water 
extracts and bacterial community was determined by denaturing gradient gel electrophoresis 
(DGGE). A number of DNA bands were excised from the DGGE gels and subjected to species 
identification based on 16S rDNA (Wang and Nishino, 2009).  
 
Results and Discussion Dry matter and lactic acid contents were 40-60% and 1.5-2.4% 
respectively, in TMR silages (Table 1). Only one firm produced silage with pH lower than 4.0. 
Acetic acid contents were about 1.5% at five of six firms, indicating that the lactic to acetic acid 
ratio was relatively low in TMR silage rather than conventional crop silage. Ethanol contents 
were as high as or more than 1.0% at three firms. Small amounts of 1-propanol and 1,2-
propanediol were found at three and two firms respectively, suggesting that L. buchneri and 1,2-
propanediol degrading bacterium had been activated during ensiling. There were common DNA 
bands in DGGE profiles regardless of regions and firms. Weissella sp. was most frequently 
determined, while Lactobacillus plantarum and Lactobacillus fermentum were determined at 
three firms. L. buchneri was found at two firms. Bacterial community appears to be established 
after storage for two weeks.  
 
Conclusion There are variations between firms in fermentation products and bacterial 
community of commercial TMR silages. L. buchneri can be associated with the ensiling, but the 
bacterium may not be crucial to account for the aerobic stability. 
 
References 
Wang, F., and N. Nishino. 2009. Association of Lactobacillus buchneri with aerobic stability of 
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Table 1. Fermentation products (wet weight basis) of commercial total mixed ration silages 
produced in six different firms 
Item DM 

(%) 
pH LA 

(%) 
AA 
(%) 

EtOH (%) 1-PrOH 
(%) 

1,2-PD 
(%) 

A 61.1 4.62 2.32 1.55 0.92 0.29 0.00 
B 56.3 4.20 2.10 1.48 0.42 0.23 0.00 
C 54.3 3.99 1.82 1.66 0.44 0.34 0.00 
D 61.4 4.45 2.36 0.76 0.31 0.00 0.00 
E 59.1 4.42 2.21 1.43 1.70 0.00 0.02 
F 39.8 4.44 1.49 1.50 0.94 0.00 0.04 
Mean values of three separate samplings. DM; dry matter, LA; lactic acid, AA; acetic acid, 
EtOH; ethanol, 1-PrOH; 1-propanol, 1,2-PD; 1,2-propanediol.  
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Figure 1. Bacterial community of commercial TMR silages produced at four different firms (A, 
B, C and D). Three monthly samples were taken to see the effect of production lot.  
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Figure 2. Bacterial community of commercial TMR silages as affected by storage period. 
Samples were taken from two firms (E and F) located in different regions. 
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Inoculation effects and survival during ensilaging of lactic acid bacteria derived from  
plant feeds and calf feces  
C. Wang and N. Nishino 
Graduate School of Natural Science and Technology, Okayama University, Okayama 700-8530, 
Japan; Email: zuimeng1580@yahoo.co.jp 
 
Introduction Silage can be a good vehicle to increase the population of probiotic lactic acid 
bacteria (LAB) fed to animals (Weinberg et al., 2003). If animals have 30 kg silage containing 
107-8 cfu/g of LAB, probiotic strain can be delivered to the gut at a 106-7 cfu/ml level in the 
beginning. Survival in the gut might be more with LAB of animal origin rather than those of 
plant origin, but the opposite could occur in the ensiling process. This study was designed to 
examine inoculation effects and survival during ensiling of several LAB isolated from silages 
and calf feces.  
 
Materials and Methods Six LAB strains were used; Lactobacillus plantarum, Lactobacillus 
brevis and Streptococcus bovis were isolated from silages, and Calf-A, Calf-B and Calf-C were 
from feces of suckling calves. Three bacteria of calf origin were rod in shape, positive in gram 
staining, negative in catalase reaction and identified as uncultured bacteria by 16S rDNA 
sequence. Freeze-dried cultures were prepared for inoculation experiments, and added to whole 
crop corn and wilted Italian ryegrass at 106 cfu/g. Fermentation products and denaturing gradient 
gel electrophoresis (DGGE) profiles were determined after storage for 20 d. Silages were made 
in triplicate. 
 
Results and Discussion Marked differences were not observed in fermentation products of 
whole crop corn silage (Table 1). Lactic acid dominated the fermentation with or without LAB 
inoculation, and the populations of LAB at silo opening were all above 108 cfu/g. Addition of 
homo- and hetero-fermentative LAB did not differentiate the fermentation of whole crop corn 
silage. Ethanol and 2,3-butanediol were major fermentation products and the population of 
enterobacteria was over 106 cfu/g in untreated Italian ryegrass silage. Inoculation of LAB, except 
for S. bovis and Calf-A, had influence on the fermentation products. L. plantarum was most 
effective in increasing the lactic acid content and decreasing the ethanol and 2,3-butanediol 
contents. Except for untreated and S. bovis-inoculated silages, LAB population was over 108 
cfu/g at silo opening. The DGGE profiles appeared similar between untreated and inoculated 
whole crop corn silages. Bands indicative of inoculant LAB were not distinct regardless of the 
type of LAB, whereas L. plantarum and L. brevis appeared present even in untreated silage. The 
DGGE profile of Italian ryegrass silage looked different compared to whole crop corn silage. 
Survival of inoculated LAB was demonstrated with L. plantarum and L. brevis, whereas bands 
indicative of S. bovis, Calf-A, Calf-B and Calf-C were not found in the DGGE gel.  
 
Conclusion Inoculation effects and survival of LAB may vary dependent on the material crop. 
Survival in the silage environment can be tough for the LAB of animal origin rather than that of 
plant origin. 
 
References 
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July 27-29, 2009 – Madison, Wisconsin, USA 480 

Table 1. Chemical composition (wet weight basis) and microbial counts of whole crop corn and 
wilted Italian ryegrass silages inoculated with or without lactic acid bacteria isolated from plant 
feeds or calf feces 
Item Control LP LB SB Calf-A Calf-B Calf-C SE 
Whole crop corn silage        
Dry matter (%) 36.3 36.8 35.4 36.7 34.8 36.3 34.4 0.09 
pH 4.15 bc 4.26 a 4.15 bc 4.20 ab 4.12 c 4.15 bc 4.15 bc 0.01 
Lactic acid (%) 1.90 2.00 1.82 1.86 1.76 2.08 1.74 0.09 
Acetic acid (%) 0.39 0.36 0.41 0.41 0.36 0.40 0.44 0.03 
Ethanol (%) 0.28 ab 0.24 b 0.25 b 0.37 a 0.21 b 0.18 b 0.21 b 0.02 
LAB (log cfu/g) 8.46 8.55 8.72 8.80 8.69 8.63 8.53 0.90 
Yeasts (log cfu/g) <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 --- 
ENB (log cfu/g) <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 --- 

Wilted Italian ryegrass silage        
Dry matter (%) 27.0 b 29. 3 a 28.7 a 27. 3 b 27. 1 b 27. 3 b 27. 6 b 0.02 
pH 5.11 a 3.77 e 4.08 d 5.21 a 4.66 b 4.48 c 4.16 d 0.02 
Lactic acid (%) 0.57 de 2.72 a 1.38 b 0.53 e 0.76 cd 0.88 c 1.29 b 0.04 
Acetic acid (%) 0.14 c 0.19 c 0.64 a 0.12 c 0.24 c 0.39 b 0.45 b 0.03 
2,3-BD (%) 1.45 a 0.26 c 0.26 c 1.34 ab 1.06 b 1.08 ab 0.37 c 0.08 
Ethanol (%) 0.89 a 0.33 b 0.78 a 0.82 a 0.60 ab 0.72 a 0.62 ab 0.07 
LAB (log cfu/g) 7.59 bc 8.26 ab 8.64 a 6.98 c 8.40 ab 8.52 a 8.44 ab 0.19 
Yeasts (log cfu/g) 5.05 <2.0 <2.0 <2.0 <2.0 4.25 <2.0 --- 
ENB (log cfu/g) 6.15 <2.0 <2.0 6.21 3.74 <2.0 <2.0 --- 

Means of triplicate silages. Values within the same row followed by different superscript letters 
are significantly different (P < 0.05). LP, Lactobacillus plantarum; LB, Lactbacillus brevis; SB, 
Streptococcus bovis; 2,3-BD, 2,3-butanediol; LAB, lactic acid bacteria; ENB, enterobacteria. 
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Figure 1. Denaturing gradient gel electrophoresis profile of bacterial DNA extracted from 
whole crop corn silage, wilted Italian ryegrass silage and lactic acid bacterial inoculant strains.  
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The truck bagging technology – a new ensiling method for wet brewer’s grains 
G. Weber1, E. Kaiser2, and O. Steinhöfel3 
1BAG Budissa Agroservice GmbH, Kleinbautzen, Germany, 2Humboldt University Berlin, 
Germany, 3Saxon State Institute of Environment, Agriculture and Geology, Köllitsch, Germany; 
Email: gotlind.weber@ag-bag.de 
 
Introduction In 2004 a new ensiling technology for wet brewer’s grains was developed – the 
truck bagging technology – where the wet brewer’s grains are tipped out directly from the truck 
into large plastic bags. This new storage method spread rapidly since its introduction. In 2008 
more than 250.000 t of wet brewer’s grains were filled into bags in Germany by truck baggers. 
The aim of this study was to investigate the factors influencing quality of wet brewer’s grains 
ensiled by using this new technology. 
 
Materials and Methods In June 2006 one bag with 25 t untreated wet brewer’s grains and a 
second one with wet brewer’s grains treated with Mais Kofasil liquid (mixture of sodium 
benzoate and sodium propionate) were filled by direct tipping. After a storage time of 42 days 
both bags were opened and samples were taken from two different layers. This trial was repeated 
in February 2007. To investigate influence of effluent and storage time on silage quality two 
bags were filled each with 25 t of wet brewer’s grains from one brewery in October 2006. One 
bag was tipped at ground level, closed immediately and the effluent was held into the bag during 
the whole storage time of six month. The second bag was tipped on ground with slight gradient. 
The effluent from this bag could flow permanently through two tubes into collecting containers. 
This whole system was kept airtight. Samples were taken from both bags in a representative 
middle layer at day 1, 3, 7, 14, 28, 58, 88, 118, 148 and 178. After 178 storage days both bags 
were opened and samples were taken in three layers. 
 
Results and Discussion The quality of silage from all bags was very good after anaerobic 
storage independent of storage time (42 or 178 days). In the moment of bag opening there was 
found no butyric acid in any bag, only low levels of acetic acid (0 – 14,4 g/kg DM) and traces of 
alcohols (0 – 7,6 g/kg DM), yeasts only in 11 of 52 samples in low concentrations until 2,5 x 105 
cfu/kg FM  and moulds only in 1 of totally 52 samples in low concentration (8,5 x 102 cfu/kg 
FM). It could be shown, that no additive is necessary to improve silage quality, but an additive 
can been recommended to increase aerobic stability. The aerobic stability of fresh brewer’s 
grains was very low (maximum 2 days) and could not been increased by anaerobic storage 
(Figure 1). An additive (mixture of sodium benzoate and sodium propionate) could increase 
aerobic stability of wet brewer’s grains stored in bags up to 4.3 days. It was possible to hold 
effluent inside the liquid tight bags until opening. A direct comparison of a bag where the 
effluent during a storage time of 178 days was hold inside and another one from where the 
effluent could run off during whole storage time has shown, that the effluent did not influence 
the silage quality. No significant differences were found in fermentation acid contents of 
different layers of both bags (Table 1). Total silage losses by using the truck bagging technology 
were very low (2.2 % of DM) due to the very fast sealing, the low contamination risk and the 
lower amounts of effluent running out of a bag compared to piles. 
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Conclusions It could been shown that the truck bagging technology was a very good and low 
risk method to store wet brewer’s grains due to the low contamination risk and the very fast air 
sealing compared to common silage technologies. 
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Figure 1. Development of aerobic stability of wet brewer’s grains during storage of 178 days. 
 
Table 1. Comparison of effluent influence on fermentation quality of wet brewer’s grains silage               
after 178 ensiling days in different positions (n=3, t-test in case of variance homogeneity) 
Pos. effluent DM pH  NH3-N Lactic Acetic Propionic Butyric Ethanol Propanol

acid acid acid acid
g/kg

x 248 4,0 1,0 19,3 3,4 0,0 0,0 0,0 0,4
s 15 0,1 0,2 4,5 2,3 0,0 0,0 0,0 0,7
x 254 4,1 0,8 28,4 4,1 0,0 0,0 0,0 1,3
s 7 0,1 0,2 9,6 2,4 0,0 0,0 0,0 0,3

sign.1) n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
x 198 4,4 1,3 3,8 13,8 0,0 0,0 0,7 6,6
s 12 0,0 0,2 0,9 7,4 0,0 0,0 1,1 2,7
x 201 4,4 1,2 6,6 12,8 0,0 0,0 1,4 6,0
s 3 0,1 0,2 3,3 7,2 0,0 0,0 1,3 4,0

sign.1) n.s. n.s.2) n.s. n.s. n.s. n.s. n.s. n.s. n.s.
x 204 4,2 1,4 17,8 13,6 3,8 0,0 0,4 4,9
s 9 0,1 0,2 26,5 2,5 1,5 0,0 0,7 1,6
x 201 4,3 1,3 5,5 14,4 1,2 0,0 0,8 6,8
s 17 0,1 0,1 0,5 6,2 1,1 0,0 1,0 2,7

sign.1) n.s. n.s. n.s. n.s.2) n.s. n.s. n.s. n.s. n.s.
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with

without

gr
ou

nd
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1Sign. = significant differences of one factor (n.s. = non significant: p > 0,05; * = significant: p ≤ 0,05) 
2)Approximative t-test in case of variance inhomogeneity.  
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Correction of dry matter content of silages used as substrate for biogas production 
F. Weissbach 
Freelance consultant for forage conservation, Elmenhorst, D-18107, Goesselweg 12, Germany; 
Email: prof.f.weissbach@web.de  
 
Introduction Volatile compounds are lost during drying of silages for determination of DM. 
Consequently, DM content measured in the conventional way by oven drying has subsequently 
to be corrected. If this is not or insufficiently done, calculations on nutrient contents, as well as 
on specific biogas yields will be false, causing experimental data to be misleading. This study 
aimed at deducing equations for correction of DM content of silages. 
 
Materials and Methods A total of 117 maize silages and 182 grass silages were taken from 
farm silos. Silages were analysed for all potentially volatile fermentation acids and alcohols as 
well as for pH. DM content was determined by oven drying including preliminary drying at 60-
70 °C to constant weight and subsequent final drying at 105 °C for three hours. From this silage 
pool, samples were selected which contained relatively high concentrations of 1,2-propanediol 
and 2,3-butanediol, respectively, in addition to the common fermentation acids and alcohols. 
Drying residues of those selected silage samples were also analysed for fermentation products, 
and volatility of individual compounds was calculated.  
 
Results and Discussion Concentrations of volatile acids and alcohols are extremely variable 
between silages (Tables 1 and 2). Therefore, to enable an exact correction of DM content the 
analysis of silage is essential. Volatility of all short chain fatty acids during drying depends on pH. 
The lower is silage pH, the higher volatility. In maize silages with their typically low pH, 
volatility of total short-chain fatty acids of 95 % can be generally assumed, whereas in grass 
silages volatility (V) of those fermentation products is generally lower and can be calculated by 
the following equation: 
   
 V [%] = 105 – 5.9 pH   (sR = 5.7) 
Volatility of lactic acid was confirmed to be about 8 % on average. Alcohols with one hydroxyl-
group evaporate completely during drying. For the first time ever volatility was determined of 
1,2-propanediol, which is mainly formed in maize silages treated with heterofermentative lactic 
acid bacteria, as well as of 2,3-butanediol which occurs mainly in badly fermented grass silages. 
Volatility of these alcohols averaged 77 and 87 %, respectively. 
 
Conclusions The following equation for calculation of corrected DM content (DMc) is proposed 
which is based on not corrected DM (DMn) determined by conventional oven drying and on 
analysis of silage for all potentially volatile fermentation products: 
Maize silages: 
    DMc =  DMn + 0.95 FA + 0.08 LA + 0.77 PD + 1.00 OA [ g/kg FM] 
Grass silages: 
    DMc = DMn + (1.05 – 0.059 pH) FA + 0.08 LA + 0.77 PD + 0.87 BD + 1.00 OA [g/kg FM] 
where: 
    FA = fatty acids (C2 … C6) , PD = 1,2-propanediol, BD = 2,3-butanediol, LA = lactic acid and 

OA = other alcohols (C2 … C4) 
 
Acknowledgement This study was funded by NAWARO® BioEnergie AG (Germany). 
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Table 1. Incidence, concentration and volatility of fermentation products in maize silages  
 Incidence1 

 %  
Concentration in silage 

 g/kg FM 
Volatility 

% 

  Mean Range SD Mean SD 
Acids       

Acetic acid 100   9.98  2.62…19.16 3.40 95 <1 
Propionic acid 100 0.28 0.05…1.74 0.33 97  3 
iso-Butyric acid 16 0.01       0…0.15 0.03 100  
Butyric acid 62 0.09       0…1.24 0.15 100  
iso-Valeric acid 78 0.06       0…0.16 0.04 100  
Valeric acid  9 0.01       0…0.07 0.02 100  
Caproic acid 21 0.01         0…0.13  0.03 100  
Lactic acid 100 15.20  3.76…26.01 3.75 8  4 

Alcohols       
Ethanol 100 5.80  0.10…13.16 3.21 100 <1 
Propanol  50 0.25     0…3.24 0.52 100  
Butanol 1 0     0…0.08  100  
1,2-Propandiol 92 0.70     0…6.83 1.07 77   5 
2,3-Butandiol 52 0.08     0…0.49 0.10 100  

1Samples with concentration of > 0.05 g/kg  
 
Table 2. Incidence, concentration and volatility of fermentation products in grass silages 

 Incidence1 
 % 

Concentration in silage 
 g/kg FM 

  

Volatility 
% 

 

  Mean Range SD Mean SD 
Acids       

Acetic acid 100 8.27 2.53…20.67 3.38 78  7 
Propionic acid 100 0.45 0.05…6.89 0.68 78 15 
iso-Butyric acid 63 0.19 0 …1.41 0.27 84   9 
Butyric acid 91 2.06         0…17.02 3.20 88 13 
iso-Valeric acid 98 0.36    0 …3.31 0.39 71 13 
Valeric acid  55 0.10     0 …1.48 0.21 93 11 
Caproic acid 68 0.19      0 …3.03 0.44 92 12 
Lactic acid 100 14.63 1.06…34.10 7.50 10   6 

Alcohols       
Ethanol 100 2.50 0.16…23.59 3.04 99   2 
Propanol  49 0.20    0…4.70 0.57 100  
Butanol 14 0.01    0…0.20 0.03 100  
1,2-Propandiol 70 0.60     0…8.12 1.15 77 17 
2,3-Butandiol 80 0.26    0…2.62 0.39 87 14 

1Samples with concentration of > 0.05 g/kg 
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Nutritive value and microbiological quality of maize silages 
U. Wyss1, and P. Aeby2 
1Agroscope Liebefeld-Posieux Research Station ALP, 1725 Posieux, Switzerland 
2Agricultural Institute Grangeneuve LIG, 1725 Posieux, Switzerland ; Email: 
ueli.wyss@alp.admin.ch 
 
Introduction Maize is a plant which is easy to ensile. In commercial farms, there are often 
problems with aerobic deterioration during feed-out. The density in silos is known to be highly 
variable which influences preservation of the silages (Muck and Holmes, 2000). The nutritive 
value, both microbiological quality as well as the aerobic stability, of 22 maize silages collected 
from Swiss farms who participated at a little championship, were investigated. 
 
Materials and Methods The samples were taken with a core sampler in different places in the 
silos. From the 22 samples, 11 samples were taken in tower-silos and 10 samples in bunker silos. 
Half of the silages had been treated with a silage additive. Because often only a part of the forage 
was treated and the analyzed sample was a mixture of six samples per silo, it was not possible to 
investigate the effect of the silage additives. Besides the density, the nutritive values, the yeasts 
and mold content, as well as the aerobic stability also were investigated. The nutritive values were 
calculated according to the equations published by ALP (2009). 
 
Results and Discussion The average density was low with 185 kg DM/m3. The values varied 
between 151 and 278 kg DM/m3. The mean values between bunker and tower silos were similar 
(Table 1). However, density differed within the same silo; in the bunker silos the highest 
compactions were measured in the middle near the ground and the lowest at the top near the 
border. The DM content varied from 26.1-43.2 % and was on average 32.2 %. The maize silage 
in the tower silos had on average a higher DM-content in comparison to the silages in bunker 
silos. The average value of net energy for lactation was 6.3 MJ/kg DM, with variations between 
6.0 and 6.7. The pH-values were, with an average of 3.8, relatively low and according to a 
sensory appreciation the silages were of good quality. Big differences between the samples were 
found as far as yeasts and molds were concerned. The silages heated up after 76 h on average. 
The values varied between 19 and 216 h, the time-point where the test was stopped. In bunker 
and in tower silos there were big differences between farms. The aerobic stability of the maize 
silages depended very strongly on the yeast content (Figure 1). In this investigation no relation 
between the density and the aerobic stability was found (Figure 2). The additional effect of silage 
additives, the different DM-contents, as well as the different feed-out rates could be responsible 
for these results. 
 
Conclusions The investigation showed that the density in the maize silages is a problem in both 
bunker and in tower silos in commercial farms. As the yeasts are mainly responsible for the 
aerobic instability, their concentrations must be reduced. 
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Table 1. Density, dry matter (DM) content, nutritive value, microbiological quality and aerobic 
stability in the maize silages 
 

 Medium SD minimum maximum Bunker Tower 
Density, kg DM/m3 185 29 151 278 181 189 
Dry matter , % 32.3 3.8 26.1 43.2 30.7 33.5 
Ash, g/kg DM 34 4 26 41 35 33 
Crude protein, g/kg DM 71 7 51 84 71 70 
Crude fibre, g/kg DM 202 21 154 251 203 200 
NEL, MJ/kg DM 6.3 0.2 6.0 6.7 6.3 6.3 
APDE, g/kg DM 64 3 59 69 64 64 
APDN, g/kg DM 44 5 32 52 44 44 
pH 3.8 0.1 3.6 4.0 3.8 3.8 
Yeast, log cfu/g FM 4.6 1.5 2.1 7.1 4.2 4.9 
Mould, log cfu/g FM 2.2 1.3 1.0 6.6 2.4 2.2 
Aerobic stability, h 76 61 19 219 82 63 
 

(averages of 22 silages, 11 tower silos, 10 bunker silos) 
SD: Standard deviation, FM fresh matter 
cfu: colony forming units, NEL: Net energy for lactation 
APDE: absorbable protein in the duodenum, based on energy available in the rumen 
APDN: absorbable protein in the duodenum, based on nitrogen available in the rumen 

y = 23.062x-0.3918

R2 = 0.62
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Figure 1. Relationship between the aerobic stability and the yeasts. 
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Figure 2. Relationship between the aerobic stability and the density. 
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Fermentation quality and nutritive value of total mixed ration silages made with  
spent mushroom substrate 
C. Xu1 , Y. Cai2 , H. Komura2, and J. Zhang2 
1China Agricultural University, Beijing 100083, China, 2National Institute of Livestock and 
Grassland Science, Nasushiobara, Tochigi 329-2793, Japan; Email: xucc@cau.edu.cn 
 
Introduction  Global production of mushroom is greater than six million tons annually. At least 
30 million tons of spent mushroom substrate (SMS) is produced annually. Recently there has 
been increasing public concerns on the effects of its disposal and recycling on the environment. 
Among many recycling methods, its use as an animal feed seems to be reasonable and promising 
because the ingredients used as mushroom substrates are used as animal feeds as well. The 
purpose of this study was to determine the fermentation characteristics of TMR silages prepared 
with different levels of SMS and their potential nutritive value for wethers as assessed by 
digestibility, nitrogen balance and rumen variables. 
 
Materials and Methods  The sawdust, rice bran and corncob meal based SMS was obtained 
from a commercial food factory. The TMR was prepared using a compound feed, timothy hay, 
alfalfa hay, dried beet pulp, wet green tea grounds, rice straw, vitamin-mineral supplement and 
salt at a ratio of 41.8: 28.7: 9.0: 9.0: 5.5: 5.0: 0.7: 0.3, respectively, on a DM basis. Experimental 
treatments were 0, 6.5 or 13.0 % of TMR DM as timothy hay. The amounts of TMR ensiled were 
350 kg in the inside bag silos (polyethylene bags) and the outside bag silos (transportable bags). 
The silages were stored outdoors at 6.7 to 32.4o C, and the silos were opened after fermentation 
of 45 days. Six Suffolk wethers (15 months of age; body weight, 49.5 ± 3.5 kg) were used in a 
replicated 3 x 3 Latin square. The wethers were individually housed in metabolic cages and fed 
the 3 silages at 2.0 % of their body weight on a DM basis, twice a day at 09:00 and 17:00 h. A 7-
d preliminary adjustment period was followed by 7-d period during which all feces and urine 
were collected. Ruminal fluid was collected at 4 h post feeding on day 15 of each period. The 
ruminal fluid was collected via the mouth using a stomach tube. 
 
Results and Discussion  The SMS had low DM contents of approximately 32.0 %, and had 
higher aNDF, ADF, cellulose and lignin contents, and lower EE, hemicellulose, non-fiber 
carbohydrate (NFC), and WSC contents than the timothy hay (Table 1). The 3 kinds of TMR 
silages were well preserved as indicated by low pH value, ammonia-N content and high lactic 
acid content. Propionic acid and butyric acid were not found. These results could be attributed to 
WSC or some non water-soluble hemicelluloses in the TMR materials being used by inoculated 
lactic acid bacteria, which resulted in a lactic acid fermentation (Xu et al., 2007). Increasing 
concentrations of SMS in the rations quadratically decreased (P < 0.05) the nutrient digestibility 
(except ether extract; Table 2). With progressive increases in SMS concentrations, nitrogen 
intake, fecal and urinary nitrogen increased, and retained nitrogen decreased (P < 0.05). 
Increasing concentrations of SMS in the rations tended to decrease the total volatile fatty acids 
concentration, and increase the ratio of acetate to propionate and pH in ruminal fluid. This study 
demonstrated that the proportion of SMS that should be incorporated into TMR silages should 
not exceed 6.5 % of the DM. 
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Table 1. Chemical composition of 45-d total mixed ration (TMR) silages 
SMS, % of TMR silage  

Item 
    0  6.5  13  

SEM  P 

Dry matter (DM) 45.8 45.3 45.0  0.44 0.075 

Organic matter (OM) 92.7 92.5 92.8  0.14 0.098 

Crude protein (CP)  14.0h 14.9i  15.3i  0.58 < 0.001 

Ether extract (EE)  3.0  3.0  3.2  0.19 0.242 

ADF  24.5j  26.2i  28.0h  1.48 < 0.001 

aNDF  42.5i  43.7h  44.0h  0.75 0.010 

NFC  33.2h  30.9i  30.3i  1.27 < 0.001 

GE (MJ/kg DM) 18.5 18.5 18.6  0.10 0.125 

pH 3.99   4.00   3.99   0.020 0.772 

Lactic acid (% DM)   7.18   7.43   7.31 0.196 0.413 

Acetic acid (% DM)   1.58   1.79   1.75 0.165 0.336 

Ammonia-N (% total-N)   3.57   3.54   3.47 0.161 0.980 
NFC = OM – aNDF – CP – EE.   
h-iMeans within rows with different letters differ (P < 0.05). 
 
 
Table 2. Nutrient digestibility and nitrogen balance of total mixed ration (TMR) silages 

SMS, % of TMR silage 
Item 

0   6.5   13.0  
SEM  P 

Digestibility, % 

Dry matter  69.9h  68.5i  64.7j 2.29 < 0.001 
Organic matter  72.1h  70.9i  66.8j 2.36 < 0.001 
Crude protein  72.1h  71.7h  69.1i 1.55 0.005 
Ether extract  70.2  71.0  70.1 0.87 0.096 
ADF  53.1h  50.2i  46.3j 2.94 < 0.001 
aNDF  57.2h  54.4i  50.1j 3.30 < 0.001 
GE  69.4h  68.1i  64.3j 2.28 < 0.001 

Nitrogen balance, g/day 
Intake nitrogen 22.50i 23.78h 23.84h  1.614 0.001 
Fecal nitrogen   6.28j   6.73i 7.36h  0.625 0.001 
Urinary nitrogen   8.59i    9.27h 9.21h  0.738 0.002 
Retention nitrogen   7.63h   7.78h 7.27i  0.546 < 0.001 

h-iMeans within rows with different letters differ (P < 0.05). 
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Effects of formic acid and formaldehyde on carbohydrates of sweet sorghum stored by ensiling 
Y. L. Xue1,2, Z. Yu2, and C. S. Bai 2,3 
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Introduction Sweet sorghum has been identified as a preferred biomass crop for fermentation into 
methanol and ethanol fuel. Sweet sorghum is among the most widely adaptable cereal grasses 
potentially useful for biomass and fuel production. The adaptation of sweet sorghum to sub-humid 
and semiarid climates has extended sweet sorghum production into larger regions than other warm-
cereal grains. Sweet sorghum is relatively inexpensive to grow with high yields and can be used to 
produce a range of high value added products like ethanol, energy, and distillers dried grains. But 
carbohydrates in sweet sorghum can be lost into methanol and ethanol fuel, when sweet sorghum is 
stored after harvesting. Formic acid and formaldehyde can inhibit the activity of microbial that 
utilizes carbohydrates in plant ensiled. The purpose of this study was to determine the effects of 
formic acid and formaldehyde on carbohydrates of sweet sorghum stored by ensiling. 
 
Materials and Methods The sweet sorghum was harvested at full maturity kernel stage and 
immediately ensilaged with formic acid (0.2%, 0.4% or 0.6%), formaldehyde (0.2%, 0.4% or 0.6%), 
formic acid + formaldehyde (0.1% + 0.1%, 0.2% +0.2% or 0.3% +0.3%) and without additives as 
control. Three bags of each silage treatment were stored at room temperature for 60 d and then were 
analyzed for pH, organic acids and water soluble carbohydrates (WSC). 
 
Results and Discussion The WSC , hemicellulose and cellulose concentration were 284.1, 228.2 
and 159.2 g/kg DM respectively (Table 1). Sweet sorghum had favorable property as methanol and 
ethanol fuel material with high WSC and high fiber content (Table 1). There was only 131.7g/kg 
(DM) WSC in the control, which was less half of that in material. This result was probably caused by 
microbes utilizing the WSC. The organic acid content and WSC content in sweet sorghum treated 
with additives were significantly higher than control (p<0.05), which indicates that formic acid and 
formaldehyde as additives inhibited activity of the microbe in sweet sorghum stored by ensiling that 
fermented WSC into organic acid. The contents of glucose and fructose in additive treatments were 
significantly higher than control (p<0.05), and there were no differences in the sucrose content 
between all treatments (p>0.05), which indicates the sucrose was decompounded into 
monosaccharide that can be fermented straightway by microzyme into ethanol. That change is 
propitious to producing ethanol (Table 2). There was high water contents in all treatments which is 
favor for improving the activity of microbe and the fiber in sweet sorghum was intenerated which is 
propitious to microbe utilizing the fiber when sweet sorghum was ensiled. There were lower 
hemicellulose content and higher cellulose content in all treatments as compared with material, 
which indicates that formic acid and formaldehyde did not prevent hemicellulose break down which 
is not propitious to producing fuel, and formic acid and formaldehyde inhibited the activity of 
cellulases which is not propitious to producing fuel (Table 3). 
  
Conclusions The fiber content was increased and the sucrose was decomposed into a single 
sugar by ensiling, which was favor for producing ethanol fuel. Formic acid and formaldehyde 
inhibited the activity of microbe in sweet sorghum ensiled that utilized WSC.  
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Table 1. The carbohydrates of the material 

Item 
 WSC 
g/kg 
DM 

Sucrose 
g/kg 
DM 

Glucose 
g/kg 
DM 

Fructose
g/kg 
DM 

Amylum
g/kg 
DM 

DM 
g/kg 

NDF
g/kg 
DM 

ADF
g/kg 
DM 

ADL 
g/kg 
DM 

Hemicellulose
g/kg DM 

Cellulose
g/kg DM

Sweet 
sorghum 284.1 187.0 54.1 46.9 83.2 278.1 443.4 215.2 56.0 228.2 159.2 

 
Table 2. The pH, organic acid and carbohydrates of sweet sorghum after storing 

Treatments pH Organic acid 
g/kg DM 

WSC  
g/kg DM 

Sucrose 
g/kg DM 

Glucose 
g/kg DM 

Fructose 
g/kg DM 

Amylum 
g/kg DM 

CK 3.51bc 95.3a 131.7c 2.2 70.9d 58.3d 52.8i 
FA1 3.56bc 10.5b 265.3b 11.7 134.5ab 119.1c 63.6e 
FA2 3.56bc 11.5b 274.7ab 31.2 121.8bc 121.7b 80.7a 
FA3 3.52bc 6.4c 302.9a 52.3 128.3b 122.3b 72.7b 
F1 5.39a 5.1c 262.8b 12.1 128.5b 122.2b 61.8e 
F2 5.24a 5.5c 265.2b 17.0 115.1c 133.1ab 73.7b 
F3 5.21a 12.2b 292.5ab 34.5 132.3ab 125.7ab 82.7a 

FA1+F1 3.72b 5.9c 283.6b 34.8 122.0bc 126.8ab 80.4b 
FA2+F2 3.95b 9.2b 291.0ab 29.8 132.4ab 128.8ab 81.6a 
FA3+F3 3.17c 10.5b 302.5a 27.0 146.4a 129.1a 83.5a 

SE 0.51 2.9 9.4 12.0 5.9 6.4 2.6 
Note: Means in the same row with different letters differ significantly (P<0.05); CK: Control; FA1=0.2% Formic 
acid; FA2=0.4% Formic acid; FA3=0.6% Formic acid; F1=0.2% Formaldehyde; F2=0.4% Formaldehyde; F3=0.6% 
Formaldehyde; FA1+F1=0.1% Formic acid +0.1% Formaldehyde; FA2+F2=0.2% Formic acid +0.2% 
Formaldehyde; FA3+F3=0.3% Formic acid +0.3% Formaldehyde. These abbreviations apply to the following table. 

 
Table 3. The dry matter and fiber of sweet sorghum after storing 

Treatments DM 
g/kg  

NDF 
g/kg DM 

ADF 
 g/kg DM 

ADL 
g/kg DM 

Hemicellulose 
g/kg DM 

Cellulose 
g/kg DM 

CK 253.7c 441.9a 256.5a 65.1a 185.3a 193.9a 
FA1 279.7b 399.9cd 234.7b 45.2e 165.2d 189.5ab 
FA2 280.1b 400.8cd 234.8b 53.7c 166.0cd 181.1b 
FA3 281.9a 402.1c 226.7cd 52.9c 175.4bc 173.8bc 
F1 281.5ab 401.5c 233.3c 52.3cd 168.2cd 181.0b 
F2 281.2ab 414.5bc 232.5cd 56.4b 182.4bc 176.1bc 
F3 283.0ab 411.7b 228.0cd 47.1e 183.6b 180.9b 

FA1+F1 280.9b 404.2c 219.5d 53.1c 184.7ab 166.4c 
FA2+F2 269.2d 400.2cd 221.2d 49.1d 179.0bc 172.2bc 
FA3+F3 279.7b 495.9cd 215.7de 43.9e 180.3bc 171.8bc 

SE 2.1 7.8 4.6 2.3 7.9 6.5 
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Introduction The European Union Nitrates Directive sets a limit on the amount of livestock 
manure N, which may be applied to land each year (170 kg/ha). This limit has very significant 
implications for stocking rates on intensive livestock farms. The objective of the present study 
was to develop relationships between N intake and N outputs and mitigation strategies to reduce 
manure N excretion in beef cattle. 
 

Materials and Methods Data used were obtained from 925 beef cattle in 40 total digestibility 
studies undertaken at this Institute from 1980 to 2003. The animals used were of various ages 
(growth to finishing) and live weight (153 to 580 kg), and from different breeds (Holstein, 
Friesian, Aberdeen Angus, Simmental, Charolais, Limousin, Belgian Blue, and Blonde 
D’Aquitaine). The animals were offered either forage alone as the sole diet (n = 94) or a mixture 
of forage and concentrates (n = 831) at production feeding levels. The forage used was perennial 
ryegrass silage, with the exception of 30 animals which were offered grass silage plus whole 
plant wheat silage (n = 4) and grass silage plus maize silage (n = 26). These alternative forages 
accounted for less than 50% of the total forage DM that was consumed. All animals were offered 
diets for at least 3 weeks before 6-d digestibility measurements with total collection of faeces 
and urine.  
 

Results and Discussion All relationships presented in Tables 1 and 2 are significant (P < 0.001). 
Generally, R2 values in the relationships of N intake with manure N output (0.79 to 0.94) were 
higher than those with N excretion from faeces (0.63 to 0.78) and urine (0.60 to 0.89). For the 
whole dataset, relating N intake to N outputs produced a small constant, with R2 values from 
0.68 to 0.84 (Table 1). Omitting the constant indicates that 32% of N intake was excreted in 
faeces and 48% in urine, leaving only 20% of consumed N retained in the body tissue of cattle. 
Manure N output is thus a direct function of N intake. The ratio of manure N/N intake of 80% in 
this study with beef cattle is much higher than that (71%) in lactating dairy cows obtained at this 
Institute (Yan et al., 2006). The large proportion of manure N excretion presents beef industries 
opportunities to improve N utilisation efficiency. A range of dietary and animal approaches have 
been developed at this Institute to reduce manure N output in dairy cows (Yan and Mayne, 2007). 
In the present study, a number of dietary factors were evaluated for potential in improvement of 
N utilisation efficiency of beef cattle (Table 2). With division of the whole dataset into three sub-
datasets according to dietary silage proportion (< 0.60, 0.60-0.99, and 1.00 kg/kg DM), the 
slopes in the relationships between manure N and N intake increased with increasing silage 
proportion (0.78, 0.80 and 0.84). The higher manure N excretion with high silage diets was 
derived from urine N excretion, while proportional faecal N was slightly higher with high 
concentrate diet. The lower urine N output with high concentrate diets indicates that the high 
concentrate diets might produce a better match of supply of rumen degradable N and energy for 
microbial growth in the rumen. This is evidenced in the results from the sub-datasets divided 
from dietary ME concentration (Table 2). High ME diets (ME content > 12.5 MJ/kg DM) 
produced a lower slope in the relationship between urine N and N intake (0.45 vs. 0.49) than low 
ME diets (ME content < 11.0 MJ/kg DM). This plus a lower proportion of faecal N gave high 
ME diets with a much lower slope in the relationship between manure N and N intake than low 
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ME diets (0.75 vs. 0.83). Dietary CP concentration also influenced N utilisation efficiency 
(Table 2). If the supply of rumen degradable N is more than requirement of rumen microbial 
growth, the excess ammonia in the rumen would be absorbed into blood, synthesized as urea in 
the liver and excreted in the urine. Therefore, high CP diets (CP content > 0.165 kg/kg DM) 
resulted in a higher slope (0.51 vs. 0.46 and 0.47) of urine N against N intake than medium and 
low CP diets (CP content = 0.145 to 0.165 and < 0.145 kg/kg DM). However, the slope of faecal 
N against N intake reduced with increasing CP content (0.35 vs. 0.32 vs.28). Consequently, the 
difference in proportional manure N output between diets with CP content of <0.145, 0.145 to 
0.165 and >0.165 kg/kg DM was small (0.82 vs. 0.78 vs. 0.79).  
 

Conclusions Manure N excretion in beef cattle is a direct function of N intake. Reducing dietary 
CP content can reduce total N intake and consequently decrease total manure N excretion. Use of 
high concentrate diets and good quality feeds (high ME content) are other nutritional approaches 
to improve N utilization efficiency in beef cattle. 
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Effect of lactic acid bacterial inoculant on the proteolysis and in vitro digestive 
characteristics of alfalfa silage 
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Introduction Ensiling alfalfa (Medicago sativa L.) forage is an alternative to avoiding damage 
by weather and loss of leaf by shattering in the process of haymaking. However, a large amount 
of protein is degraded into non-protein nitrogen (NPN) in the process of alfalfa fermentation, 
which cannot be effectively absorbed by animals. Experiments were conducted to investigate 
protein proteolysis and the inhibiting mechanism of a silage additive (Micromanager No.9927) 
on it in alfalfa forage during ensiling. 
  
Materials and Methods Four different treatment levels (0, 11.35, 22.7 and 34.05 g/t, 
represented by CK, MA, MB and MC respectively) of a LAB inoculant (Micromanager 
No.9927) were applied to newly harvested alfalfa. Samples were collected at different 
fermentation times: 0, 1, 2, 4, 7, 14, 21 and 40 d. The following parameters were measured: NPN, 
NH3-N, amino acid-N (AA-N) and Peptide-N. Meanwhile, the activities of protein degradation 
enzymes (Carboxypeptidase, acid proteinase, aminopeptidase) were measured, and the in vitro 
degradation characteristics of the ensiled forage were also investigated. 
 
Results and Discussion The LAB inoculants significantly improved silage quality, with 
increased total nitrogen and reduced NPN, NH3-N and AA-N. The level of 22.7 g/t was the most 
effective at inhibiting production of NH3-N and AA-N during the first 7 days. The lactic acid 
bacterial treatments had higher total nitrogen and Peptide-N than CK at all days post-ensiling (P 
< 0.05). The lactic acid bacterial treatments had lower NPN than CK (P < 0.05) at all days post-
ensiling (P < 0.05) and also had significant differences between levels (Table 1). The activity of 
protein degradation enzymes was inhibited. Carboxypeptidase lost its activity slowly with 
increasing time of ensiling. After 21 days of ensiling, the levels of carboxypeptidase activity 
were 47%, 34%, 20% and 21% of the initial levels respectively (Figure 1). There were lower 
levels of activity of acid proteinase in lactic acid bacterial-treated silage than in the control silage 
in all days of ensilage (Figure 2). Aminopeptidase activity in all silages declined rapidly after 
ensiling. After 7 days of ensiling, there was no activity of amino peptidase at the level of 34.05 
g/t (Figure 3). In vitro DM, CP, NDF and ADF digestion were remarkably enhanced by 
inoculation (P < 0.05) (Table 2). 
 
Conclusions The results of this study indicate that the LAB inoculants significantly improved 
silage quality, and the lactic acid bacterial inoculant addition rate of 34.05 g/t significantly 
inhibited the activity of protein degradation enzymes and produced the best quality. 
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Table 1. The composition of total N in the ensiled alfalfa at 40 days 
Treatment Total N 

(g/kg DM) 
NPN 

(g/Kg TN) 
NH3-N 

(g/Kg TN) 
AA-N 

(g/Kg TN) 
Peptide-N 
(g/Kg TN) 

CK 27.51a 620.00a 189.17a 399.00a 31.44c 
MA 30.56b 519.06b 86.98b 325.13b 106.95b 
MB 29.25b 501.99c 81.82b 270.46c 149.71a 
MC 30.96b 468.81d 85.47b 274.48bc 108.86b 
a,b,c,d Means in the same column with different superscripts differ at P < 0.05. 
 

Table 2. In vitro DM, CP, NDF and ADF digestibilities (%) of ensiled alfalfa at 40 days 
Treatment DM CP NDF ADF 
CK 56.14b 82.22b 23.21c 24.93c 
MA 61.79a 87.94a 32.58b 33.66b 
MB 61.28a 87.15a 31.48b 32.26b 
MC 63.58a 86.94a 40.41a 41.82a 
a,b,c,d Means in the same column with different superscripts differ at P < 0.05. 
 
 
 
 
 
 
 
 
 

 

Figure 1. Activity of carboxypeptidase enzymes in alfalfa silage at different stages of ensiling 
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Figure 2.  Activity of acid proteinase in alfalfa 
silage at different stages of ensiling 
 

Figure 3. Activity of aminopeptidase in 
alfalfa silage at different stages of ensiling 
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The nutritive and ensiling characteristics of sweet corn processing by-products 
J. G. Zhang, Q. H. Liu, and C. G. Fan  
South China Agricultural University, Guangzhou 510642, China;  
Email: zhangjg@scau.edu.cn 
 
Introduction Sweet corn (Zea mays L. var. rugosa Bonaf.), as a vegetable or fruit, is planted in 
large areas and the amount of its by-products from processing factories is increasing from year to 
year in South China. Some factories release over 100 tons/day of such by-products and their 
disposal has become an important topic. In order to the value of these by-products as feeds for 
dairy cows, the chemical composition of sweet corn bract and cob were analyzed and the effects 
of wilting and additives on their fermentation quality and aerobic stability were measured.  
 
Materials and Methods Sweet corn processing by-products (bract and cob) were obtained from 
a food processing factory. The materials were chopped and were ensiled after wilting with 
addition of wheat bran at 5% or after treating with lactic acid bacteria inoculation (Lactobacillus 
rhamnosus). The control was made without wilting and additives. Each 200 g of treated material 
was packed into a plastic film bag and the bags were degassed, sealed and kept at ambient 
temperature. The bag silos were opened after ensiling for 10 months, and chemical and microbial 
compositions were analyzed. Aerobic stability of silages was assessed by measuring the pH 
changes of samples after exposure to the air for 48, 96 and 144 hours.  
 
Results and Discussion Corn cob had higher contents of DM, crude fat and nitrogen free extract, 
lower contents of crude protein and crude ash than the bract. From the contents of crude fiber 
and nitrogen free extract, they were superior to common green forage corn and near equal to the 
whole-plate corn. Corn bract and cob contained high WSC contents (>10% DM), low buffering 
capacity (< 150mE/kg DM), more lactic acid bacteria (> 107 cfu/g FM) (Table 1) and their pH 
values were lower than 4.2 without any treatments (Table 2). Bran and lactic acid bacteria 
addition had few effects on the fermentation except for reducing butyric acid content; wilting 
tended to increase lactic acid content and reduce the contents of volatile fatty acids. All the 
silages had poor aerobic stability because their pH values markedly increased after exposure to 
the air for 96 hours (Figure 1). 
 
Conclusions The results indicate that silages made from sweet corn processing by-products were 
of high nutritional value and were well preserved even without any treatments, but their aerobic 
stability was poor.  
 
References 
Wang, J. Q. 2006. Modern Feeding Science for Dairy Cows. Beijing China Agi. Sci. Tech. Publ. 
Zhang, J. G., S. Kumai, R. Fukumi,s and Y. K Fu. 1997. Effects of lactic acid bacteria and 

cellulose additives at different temperatures on the fermentation quality of corn (Zea mays L.) 
and guineagrass (Panicum maximum Jacq) silages. Acta Prataculturae Sinica 6:66-75. 

 



 

July 27-29, 2009 – Madison, Wisconsin, USA 496 

Item
 Fresh  Wilting  Fresh   Wilting

DM (%) 16.8 33.7 25.7 34.5
Crude protein (% DM) 7.7 8.1 6.1 6.1
Crude fat (% DM) 0.9 1.3 3.1 3.5
Crude fiber (% DM) 25.6 24.8 24.9 25.3
Crude ash (% DM) 4.6 4.6 2.0 2.1
Nitrogen free extract (% DM) 61.3 61.2 64.0 63.0
WSC (% DM) 10.4 8.2 10.4 9.1
pH 5.19 4.95 5.98 5.80
Buffering capacity (mE/Kg DM) 135.5 67.6 89.6 58.5
Lactic acid bacteria (Log cfu/g FM) 7.01 7.00 7.41 7.20

Table 1 Characteristics of sweet corn by-products prior to ensiling.
     Bract      Cob

 
 
 

Conrol Bran LAB Wilting Conrol Bran LAB Wilting

DM (%) 14.46 d 15.81 d 13.96 d 29.82 a 22.23 c 25.20 b 25.12 b 0.30 a

pH 3.91 cd 3.95 cd 4.06 b 3.89 d 4.18 a 4.19 a 4.19 a 4.01 bc

Lactic acid (% DM) 4.50 abc 5.30 ab 2.93 bcd 5.64 a 1.00 d 1.26 d 0.81 d 2.21 cd

Acetic acid (% DM) 8.35 a 7.84 a 8.21 ab 1.62 b 3.98 b 4.19 b 3.32 b 2.74 b

Propionic acid (% DM) 3.62 ab 5.21 a 2.49 ab 1.83 b 2.90 ab 2.77 ab 1.72 b 1.47 b

Butyric acid (% DM) 1.04 a 0.36 ab 0.00 b 0.00 b 0.22 b 0.00 b 0.00 b 0.00 b

NH3-N (% TN) 0.23 bc 0.34 a 0.22 bc 0.15 cd 0.18 cd 0.29 ab 0.15 cd 0.13 d

WSC (% DM) 1.72 ab 2.19 a 1.46 ab 2.09 ab 1.65 ab 1.57 ab 1.22 b 1.70 ab

Yeasts (Log cfu/g FM) 1.46 c 0.90 c 0.90 c 6.11 a 3.53 bc 2.41 c 1.90 c 5.19 ab

Moulds (Log cfu/g FM) ND ND ND ND ND ND ND ND
a,b,c,d Means in the same row with different superscripts differ (P <0.05).
LAB = lactic acid bacterial inoculation; WSC = water soluble carbohydrates.

Bract  Cob
Table 2 Fermentation quality of sweet corn by-products silage with various treatments.
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Figure 1. pH changes of sweet corn by-product silages. LAB = inoculation with lactic acid 
bacteria. 
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