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Dairy cows should be fed the highest quality ensiled forages and grains possible for maximum milk 
production since fennented feeds can exceed 50% of the total dry-matter ration. Silage quality is 
important to dairy profitability and is why monitoring silage quality is an important part of the 
nutritional program. 

Silage catastrophes are usually due to ensiling crops with less than ideal ensiling management 
practices. This includes situations where crops are ensiled with improper moisture, maturity, 
packing, sealing, and feedout management.3 Aerobically unstable or Clostridial silages are the 
most common result when dealing with silage feeding problems.z,4,5 

The determination of silage quality using monitoring tools at the silo site or running fermentation 
analysis laboratory tests primarily serve as a "report card" to monitor how good silo filling 
management practices were at the time of silo filling. Values from the fermentation report can't 
be directly used to build dairy rations, however the information does indicate how well cows 
may accept the silage. Limited value exists in the fermentation report for diagnosing causes of 
cattle diseases. Although research shows that high butyric acid silages fed to fresh cows may be 
conducive to ketosis.12 Often, metabolic problems resulting from feeding poor quality forages 
are due to inconsistent or depressed dry matter intakes of the silage and effective particle length 
issues of the final ration. 

Fermentation Dynamics 

Aerobic and anaerobic bacteria are involved in silage fermentation. 1,6,17 Aerobic activity occurs 
while the silo is being filled and at feedout. Good silo management minimizes aerobic activity, 
thus reducing dry-matter losses. Oxidation of energy-rich sugars produces excess heat, which can 
damage forage protein.9 Good silo management also maximizes the anaerobic conversion of 
water-soluble carbohydrate to silage acids, thus reducing pH to a range that is inhospitable to 
spoilage organisms. This conversion results from anaerobic hetero- and homofennentation. 

Heterofermentative anaerobes convert water-soluble carbohydrate into various fennentation end
products at the expense of energy (because dry matter is decreased). Homofennentative bacteria 
(lactic-acid bacteria) convert water-soluble carbohydrate to lactic acid; little energy is consumed, 
and dry-matter loss is diminished. Hetero- and homo fermentative anaerobes are both essential to 
silage fermentation; however, efficient fermentation minimizes heterofermentation and 
maximizes homofennentation. Silage fermentation can be divided into six phases. 5 
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Phase 1 

The first phase begins when the plant is 
harvested. During this phase, epiphytic 
(indigenous) aerobic organisms convert water
soluble carbohydrate to carbon dioxide, water, 
and heat. Also, the plant's own enzymes 
promote the hydrolysis of starch and 
hemicellulose to monosaccharides. This 
hydrolysis provides additional sugars for later 
lactic-acid fermentation. The neutral detergent 
fiber content increases slightly after ensiling, 
mainly because the water-soluble 
carbohydrate content is reduced. 

Six Phases of Silage Fermentation and Storage 
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This initial aerobic process continues until either oxygen is depleted or water-soluble 
carbohydrate is exhausted. Under ideal conditions of moisture, chop length, and compaction, 
aerobic activity should last only a few hours. A poorly sealed silo can reduce aerobic stability 
(bunklife) of the feed by promoting the growth of aerobic spoilage organisms (e.g., acid-utilizing 
yeast or spore-forming Bacillus species). 

The aerobic phase results in nutrient loss. However, it helps create anaerobic conditions and 
produces certain antimycotic compounds that may serve to extend aerobic stability of the silage 
during feedout. 

Phase 2 

Depletion of trapped oxygen during the initial aerobic ensilage phase triggers the second phase 
of fermentation; anaerobic heterofermentation. Several fermentation end-products are produced, 
primarily by enterobacteria that become established because they can tolerate the heat produced 
during the aerobic phase. These bacteria produce short-chain volatile fatty acids (acetate, lactate, 
and propionate), ethanol, and carbon dioxide from the fermentation of water-soluble 
carbohydrates, including hexoses (glucose and fructose) and pentoses (xylose and ribose). 

The heterofermentative bacteria of the second phase tend to be inefficient fermenters; they 
produce relatively little acid in exchange for the nutrient losses. The proportions of fermentation 
end-products produced depend on crop maturity, moisture, and epiphytic bacterial populations of 
the harvested forage. 

The enterobacteria are viable in a pH range of 5 to 7. The volatile fatty acids they produce, 
however, reduce the pH of the silage to below 6. Thus, the heterofermentative bacteria are 
inhibited by the acids they produce. The enterobacteria create an environment for the 
homofermenters, which are viable at a pH below 5. The drop in pH signals the end of the early 
anaerobic phase, which generally lasts no longer than 24 to 72 hours. 

Phase 3 

The third phase of fermentation is a short-lived transitional phase that lasts about 24 hours. The 
decline in pH promotes increased populations of efficient homofermentative lactic-acid bacteria. 
These bacteria reduce silage pH faster and more efficiently by producing predominantly lactic 
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acid. These anaerobes are less heat tolerant than the heterofermenters active in phase 2 and more 
heat tolerant than the lactic-acid bacteria that are prevalent in phase 4. 

As heat dissipates from the silage mass and pH continues to decrease, the action of phase 3 
lactic-acid bacteria becomes inhibited. In the cooler and more acidic environment, the activity of 
phase 4 lactic-acid bacteria increases. 

Phase 4 

Phase 4 can be considered a continuation of phase 3. During phase 4, silage temperature 
stabilizes as the homofermentative lactic-acid bacteria ferment water-soluble carbohydrate to 
lactic acid. This acid is the strongest and most efficient volatile fatty acid for rapidly reducing 
pH. Lactic acid generally predominates in the best-quality silage (more than 60% of the total 
volatile fatty acids). It is present at levels as high as 3% to 6% of qry matter. 

A predominance of lactic-acid bacteria (usually strains of Lactobacillus plantarum) relative to 
other enterobacteria and acetate-producing bacteria creates a faster fermentation, thus conserving 
more nutrients: water-soluble carbohydrate, peptides, and amino acids. Ruminants can also use 
the lactic acid in silage as an energy source if the diet is properly balanced. 

Phases 2,3, and 4 are the longest fermentation phases in ensilage; they continue until forage pH 
is sufficiently low to inhibit, but not destroy, the growth potential of all organisms. Natural 
fermentation accomplished solely by epiphytic organisms and unassisted by any type of silage 
additive takes 10 days to 3 weeks. This time span depends on the buffering capacity, moisture, 
and maturity of the crop to be ensiled. The use of a high quality inoculant may reduce 
fermentation time down to 3-10 days from time of filling. 

Buffering capacity is the crop's resistance to drops in pH. It is due to the organic acids (e.g., 
citrate, malate, and quinate), orthophosphates, sulfates, nitrates, chlorides, and non-protein 
nitrogen in the materia1.6 Buffering capacity is measured as the amount oflactic acid (mEq) 
required to reduce the pH of 1 g of dry matter from pH 6 to 4. A highly buffered forage (e.g., 
alfalfa [366 mEq/g]) requires more water-soluble carbohydrate than a low-buffered crop (e.g., 
com forage [200 mEq/g]) for bacterial fermentation to decrease pH to desired levels. 

Water-soluble carbohydrate in highly buffered crops is concentrated by water evaporation during 
wilt time between forage cutting and chopping. Com forage does not require wilt time and is, 
therefore, less prone to nutrient loss as a result of rain. Com silage also has a lower buffering 
capacity and more water-soluble carbohydrate than grasses or legumes.4 

The rate and end-point of the final pH drop in the ensiled crop depend largely on the type and 
moisture of forage being ensiled. Com silage terminates at or below pH 4. Legumes, which have 
less water-soluble carbohydrate content and a higher buffering capacity, generally reach a 
terminal pH of about 4.5. 

When terminal pH is reached, the forage is in a preserved state. Measurements of pH show 
whether the crop is preserved within the silo but do not indicate the rate or quality of the 
resulting fermentation. 

Phase 5 

The fifth stage of fermentation, the stable phase, lasts throughout storage. This phase is not static 
because various changes can occur, depending on such environmental conditions as air 
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penetration and the number and types of aerobic organisms (yeasts, molds, and aerobes) on the 
crop at harvest. The amount of fennentation substrate remaining and the level and types of 
fennentation acids present in the silage are important in phase 5. Silage face management during 
the unloading of silos is also important. 

Phase 6 

Phase 6, which is the last fermentation phase, occurs when silage is fed from the storage 
structure. This phase is as important as the others but is often neglected. Up to 50% of dry-matter 
losses result from secondary aerobic spoilage on the surface of the silage in storage and in the 
feedbunk. 8 

Aerobic microbial activity is stimulated because oxygen is reintroduced into the silo. The aerobic 
activity produces heat and reduces the palatability and nutrient availability of silage. Silage is 
predisposed to aerobic instability if high epiphytic populations of yeast, mold, or aerobic bacteria 
are present or if the silage contains excess water-soluble carbohydrate. High application of 
manure may have inoculated the crop with mold and yeast spores. Windrows could have become 
contaminated with soil-borne organisms through raking or by rain splashing soil onto the swaths. 
Aerobic stability of silage is more of a problem if the crops had been exposed to environmental 
stresses. 

Evaluation of Silages 

Not all silages need to be analyzed for fermentation quality and often fermentation quality can be 
assessed at the silo by making visual observations and with the help of several simple analytical 
toolS.13 Silage evaluation equipment include a: I) pH meter or litmus paper, 2) temperature 
probe, 3) Koster® or microwave moisture tester, 4) scale, 5) silage density probe, and 6) Penn 
State forage particle separator screens. The fermentation laboratory report serves to verify 
findings at the silo or to help diagnose silo problems that can't be solved with an on-site 
evaluation. If samples are required, an insulated container, blue ice bags, I-gallon plastic sample 
bags, waterproof marking pen, and shipping labels are recommended for proper identification 
and shipping of samples to laboratories. 

Areas of the silo to test: Visually inspect the silo surface/face to determine feedout management. 
The face management of silos should be evaluated to detennine if a minimum of 6 inches is 
being fed out every day across the entire face and the silage face is clean. Next, lines of 
demarcation should be identified in the silo such as poorly pack areas compared to well packed 
areas, locations with obvious mold, and obvious color changes. Testing of the silages for pH and 
temperature should be done at these various locations and recorded in a notebook for later 
reference. If aerobic instability is suspected due to face management problems, pH and 
temperature assessments should be taken at the face and 2-3 feet into the silage mass for possible 
differences. 

Koster Cooker/Microwave: A dry matter determination should be made during the silo visit to 
confirm the accuracy of laboratory data that exists on forage reports. If a Koster® Cooker will be 
used, a representative silage sample should be collected upon arrival at the silo and the dry-down 
procedure started because this determination will take the longest. A microwave test requires 
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less time, but requires personal to be present to monitor the dry-down procedure. Dry Matter 
determinations will help predict if aerobic instability (low moisture) or secondary Clostridial 
fermentation (high moisture) silage issues are likely in the silo. Refer to table 1 for a listing of 
normal moisture ranges for forages and high moisture com. 

pH Paper or Meter: Place 1-2 ounces silage with 1-2 ounces water (distilled water is preferable) 
into a disposable cup and mix with a stir stick. Then insert a pH litmus paper strip or meter 
probe into the silage for 1-2 seconds. The meter will deliver an instant pH reading on the LCD 
display, while the color change of the litmus paper test strip is compared to a color key that 
corresponds with appropriate pH. The color key is found on the side of the pH litmus paper 
container. A silo with face management problems often has high pH at the face and normal pH 
2-3 feet behind the face. pH measurements at the various silo locations should be recorded in a 
notebook for later reference. 

Thermometer: 2-3 foot long temperature probes are useful for comparing silage temperatures at 
the surface compared to deep into the silo. These readings should be taken in the same locations 
as pH measurements. Usually, a silo with face management problems will show higher 
temperatures (along with higher pH) at the face compared to lower temperatures (and lower pH) 
2-3 feet behind the face. These findings indicate aerobic yeast activity is present and is causing 
aerobic instability. Temperature readings should be taken at various locations across the silo and 
into the face of the silo to demonstrate the environmental diversity that may exist throughout the 
silo. Non-contact thermometers are convenient for collecting temperature readings at many silo 
locations. A silage goal for stable silage is not to exceed 20° F. of ambient environmental 
temperature at time of harvest. Large storage structures will retain heat longer than smaller 
storage structures. Temperature measurements at the various silo locations should be recorded in 
a notebook for later reference. 

Silage Density Probe: An assessment of how well the forage is packed in the silo is determined 
by measuring pounds of silage per cubic foot (lbs/ft\ This determination is be obtained by 
removing and weighing 1 ft3 volume of silage. However, using a silage probe with a known 
internal displacement makes the assessment easier to obtain multiple locations. A silage core is 
obtained by inserting the Rrobe into the face of the silo. Once the silage weight and internal core 
displacement (depth x or ) converted to feet is determined, that value is divided by lbs. silage 
removed, which provides Ibs./ft3. 

The table at the right provides expected 
averages and ranges of hay and com crop 
silages. A silo with heating problems may 
have lower than recommended pack 
densities and may provide an explanation 
for aerobic instability in the structure. 
Silage density measurements at the 
various silo locations should be recorded 
in a notebook for later reference. 

Compaction Benchmarking Goals 
Table L Sunlaryafl!J!!8 cokW hmlli8hunlm.-
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14.8 6.6-21.1 145 7.8-23.6 
0.45 0.17-l.23 0.43 O.28.o.6B 

I 
Source: Holmes, B.J., and R.E. Muck. Pack Silage to Achieve High Density, I 
Quality Feed. Hoard's Dairyman, May 25, 2000 

Particle Separation Screens: The Penn State Separator system provides an assessment of 
particle length distribution of the silage. IS Ideal particle length must be short enough for 
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producing a good fermentation in the silo, but yet long enough to provide effective fiber to the 
cow. The screens can be used to determine particle length distribution at the silo and should be 
compared to particle length distribution of the total mixed ration (TMR) if dairy production and 
health issues exist. 

Often, production and health problems are blamed onto silage fermentation problems when in 
reality, particle length issues exist, causing less than ideal effective fiber levels in the ration and 
resulting in symptoms of subacute ruminal acidosis in the dairy herd. Particle separation tests 
should be performed on the silages being removed from the silo and those findings compared to 
particle separation results of TMR delivered to the feedbunk. If silage particle lengths are 
adequate and the TMR particle length is less than ideal, one may conclude that over-mixing of 
feed ingredients is happening in the TMR mixer. Often, monitoring daily TMRs delivered to the 
feedbunk will determine the ability of the mixer wagon operator to formulate consistent batches 
of TMR on a daily basis. Another use of the separator screens is to monitor the particle 
separation of the fresh TMR to refusal TMR. This comparison allows one to determine if cows 
are sorting out long stemmed forages in preference for concentrates in the ration. 

Although much emphasis has been focused on the top screen of longer particles, it is the 
distribution in smaller particles that impact animal health and productivity. New particle 
distribution recommendations show a reduction in longer and smallest particle sizes compared to 
the previous model. Excessive long particles can lead to greater feed sorting. The smallest 
particles are either rapidly fermented contributing to acidosis conditions or pass through the 
rumen not contributing to microbial yield, thus compromising productivity. 

New recommendations for particle size distribution (% of total) in forage and TMR. 

Pore Size Particle Size Corn 
Screen inches inches Silage HayJage TMR 

Upper Sieve 0.75 > 0.75 3 - 8 10 - 20 2-8 

Middle Sieve 0.31 0.31 - 0.75 45 - 65 45 - 75 30 - 50 

Lower Sieve 0.05* 0.07 - 0.31 30 - 40 20 - 30 30 - 50 

Bottom Pan <0.07 <5 <5 <20 

*Pores are square, thus largest size IS the diagonal accountmg for the slIghtly larger particle size' 
coming through the sieve. 

The following link provide more information about the Penn State Particle Separator: 
http://www.das.psu.eduJdcn/catforg/particle/index.htmI.This website contains a complete 
description of using the new particle separator (pdf file), downloadable graphic forms, a movie 
demonstrating its use, a spreadsheet that automatically calculates and graphs particle size, and a 
link to Nasco where it can be ordered. 
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Interpreting Silage Quality from Nutritional, Fermentation, and Microbial Values 4,15 

Moisture %: Moisture percent is the difference between as fed weight and total dry matter (DM) 
weight after completion of the drying process. Proper moisture at harvest is critical for 
compaction of the silage mass, air exclusion, and to provide sufficient moisture to promote lactic 
acid fermentation. Ensiling at higher than normal moisture may lead to prolonged fermentation, 
excessive protein breakdown, and energy loss. Secondary Clostridial fermentation may occur in 
silages with high moisture levels leading to undesired high levels of butyric and ammonia 
nitrogen. Ensiling at lower than normal moisture may lead to aerobically unstable silage with 
yeast, mold, and Bacillus problems. Low moisture silages often have high levels of heat
damaged protein and are monitored by ADIN as a % of total crude protein. (See bound protein 
discussion below) 

Maturity: 
• Grass and alfalfa: ADF and NDF values (and relative feed value for alfalfa) indicate how 

much substrate will be available for fermentation. Abnormcilly high values indic~te that 
less free sugars are available and that silage quality will be sacrificed. Overly mature 
grasses and alfalfa often do not completely ferment to drop pH into a desirable range 
because not enough substrate is available to complete fermentation. 

• Corn Silage: Fiber values are not predictive of availability of substrate. ADF and NDF 
predict the amount of grain present in the grain:stover ratio. Com forage generally has 
enough soluble sugars for completion of fermentation, regardless of ADF and NDF 
values. RFV is applicable to alfalfa only, and is not applicable to com silage or grass 
forage. 

Crude Protein: 
• Grass and alfalfa: Predicts the maturity of the crop and correlates with ADF and NDF. 

Usually less crude protein indicates that less soluble sugars will be available for 
fermentation. 

• Corn Silage and HMC: Usually is inverse to starch levels in the silage. Higher crude protein 
values usually indicate that less starch fill has occurred in grain. Drought stressed com and 
lower starch yielding hybrids have higher crude protein values. 

Bound Protein: Measured by ADIN (acid detergent insoluble nitrogen) and is expressed as a 
percentage of dry matter crude protein that is bound to ADF and not digestible by cattle.8 High 
ADIN indicates excessive heating during early fermentation and during storage by aerobic 
activity of yeast, molds, and especially Bacillus, which is highly thermophilic. High moisture 
com bound protein will not be reflected by ADIN measures. Enzymatic pepsin insoluble protein 
must be determined and bound protein reported as the % pepsin insoluble nitrogen as a % of total 
nitrogen. 14 

Ash, % DM' The total mineral content of feedstuffs is called ash is the difference of organic 
matter subtracted from 100. High ash levels may be indicative of excessive 1) soil 
contamination coming in with the crop during harvest due to muddy or windy conditions, or 2) 
dry matter losses from aerobic instability or Clostridial fermentation while the forage is in silo 
storage. 
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pH: pH is a key criterion to evaluate silage fermentation. Generally the lower the pH, the better 
preserved and more stable is the silage. However pH alone is not a totally accurate monitor of 
silage fermentation. Determination of silage acid levels that contribute to lowering pH is needed 
for further forage analysis. 

Silage Acids 
• Lactic Acid: The primary fermentation acid resulting from a desirable homofermentation. 

Ideal silage will usually (but not always) have 3 times more lactic acid than what comprises 
volatile fatty acids. Depending upon the crop, levels will range from greater than 1-3%. 
Lactic acid is the strongest of all silage acids and its presence will drop pH more effectively 
than the other volatile fatty acids. Generally, the presence of high lactic acid levels indicates 
efficient fermentation and minimal dry matter losses. 

• Volatile Fatty Acids: These acids evaporate quite easily when introduced to air and are what 
give silages their characteristic smell. Lactic acid in contrast has a bland odor and does not 
volatilize upon exposure to air. Lactic acid creates efficient fermentation because it is 
stronger than the volatile acids. The volatile fatty acids provide aerobic stability properties. 
i. Acetic Acid: Provides silages with their characteristic vinegar odor and taste and is 

usually the predominant acid produced during fermentation for maintaining aerobic 
stability. Usually found at less than 3% in silages. Anything over 3% suggests 
inefficient heterofermentative fermentation. 

ii. Propionic Acid: Produces a sharp sweet smell and taste and is usually lower levels of 
this acid are produced during fermentation for maintaining aerobic stability. Usually 
found at less than 1.0% in normal silages. 

iii. Butyric Acid: Produces a rancid butter smell and taste. Quality silage should be less 
than 0.1 %. Elevated levels indicate silage deterioration from secondary fermentation, 
which in the presence of unpalatable nitrogenous end products such as amines and 
amides, may lead to significant reduction in dry matter intake and energy level of the 
forage. Butyric acid and nitrogenous proteolysis is the result of Clostridial activity in 
the silo. (See ammonia nitrogen discussion) 

• Ethanol: Produces an alcohol smell and is primarily an indication of yeast activity. Yeast 
converts sugars to alcohol and may metabolize lactic acid, which will raise pH and lead to 
unstable silage. Anaerobic heterofermentative bacteria active during the early phases of the 
ensiling process may also produce ethanol. . The presence of ethanol is more prevalent in 
high moisture com and com silage. Values usually are less than 0.5% 

Ammonia Nitrogen: High ammonia indicates poor or extensive fermentation, indicating protein 
breakdown from proteolytic enzymatic activity contained within the crop. High ammonia
nitrogen forages may also be associated with proteolytic activity from Clostridial secondary 
fermentation (see butyric acid discussion) and present significant feeding problems. The use or 
anhydrous ammonia and urea as forage additives will cause high ammonia levels. Values are 
usually less than 15% in alfalfa and grass silages and less than 10% in com silage and high 
moisture grains. 

Aerobic Microbial Counts: Yeast, mold, and Bacillus population counts indicate silage bunklife 
and are expressed in colony forming units per gram of feedstuff (cfulgm). Aerobic 
microorganisms require oxygen from air penetration, indicating aerobic instability. 
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• Yeast: Counts less that 100,000 are desirable. Yeast utilizes lactic acid as substrate in the 
presence of oxygen, causing the elevation of pH. Dry matter losses occur from the 
production of carbon dioxide, water, and heat. Yeast activity precedes mold growth. 

• Mold: Counts less than 100,000 are desirable. When lactic acid levels are diminished by 
yeast and pH rises above 4.5, the silage environment becomes conducive to mold growth. 
This results in musty, hot, energy depleted, and unpalatable silage. 

• Bacillus: Counts less than 100,000 are desirable. Fields may be highly contaminated with 
this aerobe at harvest. Bacillus is highly thermophilic in the presence of oxygen and is 
primarily responsible for high bound protein (AD IN) values in silages. (See bound protein 
description) 

Mycotoxins: 
Most diagnostic laboratories and kits identify mycotoxins that are produced by field-produced 
molds. Gas or thin layer chromatography methods should be used when determining mycotoxin 
levels in forages. ELISA methods will produce false positive levels of mycotoxins. While a 
goal of quality silage is not to have mycotoxins, the presence of vomitoxin (DON) or 
zearalonone does not indicate poor quality silage. Vomitoxin may serve as a marker for other 
unknown mycotoxins. 11,16 

Aerobically Unstable Silage 

Ensiled forages that are hot coming out of the silo or have short bunklife in TMRs often are due 
to aerobic instability. The following case study is typical of problem silages due to aerobic 
instability. Usually these silages have a history of: 1) extended wilt time, 2) advanced maturity, 
and 3) excessively long particle length. 

A Minnesota dairyman observed warm com silage coming out of a stave silo and the TMR mix 
had very short bunklife due to heating. Dairy cows displayed reduced dry matter intakes into the 
summer months and as the silage became warmer. Visual examination of the silage revealed 
long, shredded pieces of forage particles and silage that felt dry. An interview with the dairy 
owner revealed that only 2 inches of com silage was being removed per day during winter and 
summer months. A sample of the silage was analyzed in the Penn State Separator and results 
indicated that> 25% of the silage was retained on the course screen and appeared to have a large 
abundance of long and shredded dry com husks and leaves. This suggested that the chop length 
was set excessively long at harvest, the shear bar may be worn, and that unsharpened or damaged 
knives were part of the problem. 
A pH and temperature assessment was made to determine if aerobic instability was present due 
to slow feed-out. A 5.5 pH existed at the surface while an area two feet below the surface had a 
4.0 pH. Temperatures taken at the surface was 9SoP. and the 2-foot area was 7SoF. A history of 
slow feedout along with long particle lengths and elevated pH and temperatures at the silo 
surface suggested that oxygen was penetrating into the silage mass and permitting aerobic 
microbial activity to occur. . 

Silage samples were collected from the surface and deep areas of the silo and submitted to a 
forage-testing laboratory for nutritional, fermentation, and microbial analysis. The laboratory 
data corresponded with observations made at the silo (See table 2 for data). The moisture of the 
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com silage ranged from 52-57%, which is well below the recommended 63-68% for storage in 
stave silos. The nutritional data also revealed slightly elevated bound protein levels at 11-12%, 
suggesting that excessive heating occurred at time of filling (phase 1) to create high bound 
protein levels. The pH readings from the fennentation report were consistent with those taken 
with litmus paper at the silo. This report also revealed that a nonnal4% lactic acid level was 
present in the 2-foot sample, but only 2% was present at the surface. In addition, 1 % soluble 
sugars were present in the deep sample, but none was present at the surface. 

The microbial report explains the changes in the fennentation profile because the 2-foot sample 
had 480,000 colony forming units/gm (cfu/gm) forage yeast while the surface sample had 
560,000,000 cfu/gm. All strains of yeast utilize sugars for substrate, and many of these strains 
utilize lactic acid for substrate. Therefore, as oxygen from air penetrated the silage surface due 
to slow feedout, low pH tolerant yeast began propagating by utilizing available sugar and lactic 
acid substrates, causing these levels to decrease. In addition, yeast produce heat and explains 
why temperatures were higher at the surface (phase 6 fennentation). 

Mold activity begins when the pH environment exceeds 4.5. Usually mold propagation follows 
yeast activity and mold counts usually will be lower than yeast cfulgm counts. In this case, the 
surface mold count was 4,000,000 cfulgm while the yeast count was 560,000,000 cfu/gm. The 
2-foot mold count was 16,000 cfulgm while the yeast count was 480,000 cfulgm. 

The aerobic instability problem was remedied in this silo by removing and disposing 
approximately 4 feet of silage to get ahead of aerobically unstable silage. Then plans were made 
to increase rate of feedout by feeding more com silage in the dairy ration and increasing the 
amount fed to a group of steers at a neighboring farm. 

Clostridial Silage 

Forages harvested at higher than recommended harvest moisture may result in secondary 
Clostridial fermentation. The following case study happened as a result of classical reasons for 
ensiling forages too wet, which are usually weather related. These include: 1) the crop wouldn't 
dry down, 2) a rainstorm was moving in, 3) the custom chopper showed up that day, and 4) just 
plain inadvertent unawareness. 

A Wisconsin veterinarian questioned forage quality when his 600 dairy cow client ran into 
severe acidosis and displaced abomasum fresh cow problems after a 2nd crop alfalfa silage 
bunker was opened. An interview with the crop manager indicated that cutting alfalfa at proper 
maturity and ensiling at proper wilt times were respected in this operation. However, second 
crop alfalfa was advancing in maturity because of persistent rainy weather. The manager saw a 
3-4 day dry weather period and decided to get the crop harvested and ensiled before the next 
thunderstorm. However, within hours after cutting, a fast moving weather front moved into the 
area and the crop manager decided to hasten silo filling, rather than risk ensiling rain damaged 
alfalfa. 

Alfalfa silage samples were taken from 1 S\ 2nd
, and 3rd crop silage bunkers and laboratory 

analyses were performed for comparison purposes. The results can be found in table 3. The 2nd 
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crop alfalfa being fed to the dairy cows had 75% moisture, 5.5 pH, no lactic acid, 7% butyric 
acid, and 50% ammonia nitrogen levels .. This was in comparison to 1 st crop alfalfa that was fed 
previously, which had 68% moisture, 4.2 pH, 3% lactic acid, no butyric acid, and 3.5% ammonia 
nitrogen. 

The suspect 2nd cut alfalfa silage presented a classical case of forage that underwent Clostridial 
secondary fermentation. Upon learning about this, the dairyman switched his transition and 
fresh cows to the better quality 3rd cutting alfalfa silage, indicated by the tabulated results in table 
4. Fresh dairy cows immediately showed a decline in fresh cow health problems. The option of 
disposing the problem silage back into the field was discussed, however an alternative salvage 
option of feeding the Clostridial 2nd crop alfalfa silage to heifers, steers, and a late lactation 
milking string was used with no resulting problems. 

The traditional recommendation of feeding out 6 inches per day across the silo face was 
compromised with less feedout rates for lower inclusion levels into the diets. Clostridial silages 
are high in butyric acid, acting as a preservative and will inhibit yeast and mold activity. 
Molasses was incorporated into these rations to enhance palatability. In addition, the amount of 
alfalfa silage to be fed the next day was removed from the bunker and left on the bunker floor to 
"air-out" undesirable odors. Energy and protein values of the affected alfalfa was discounted by 
50% for ration balancing since it was estimated this much was wasted by inefficient 
fermentation. 

Feeding Silages with Abnormal Odors and Tastes 

Clostridial silages become unpalatable primarily from nitrogenous proteolysis in the production 
of unpalatable amines, amides, and other nitrogenous end products. Clostridia that produce only 
butyric acid do not always impede appetites, as much as when the proteolytic end products are 
present. Yeast organisms that cause aerobically unstable and hot silages do not always deter 
appetites. Other yeast however, will produce objectionable odors and tastes from the production 
of various end products. Alcohol mixed with the vinegar odor of acetic acid produces a stinging 
smell that sometimes causes cows to refuse silages. Other yeast end products are methyl- and 
ethyl- acetates, which resemble the smell of fingernail polish remover. Many times producers 
make claims that cows are refusing silages from mycotoxins, when in reality it is the 
combination of high acetic acid levels, along with the presence of alcohol, and methyl-acetates 
that probably is really causing feed refusal. 

The likelihood of increasing Clostridial silage acceptance by dairy cows can be accomplished by 
removing a 12-24-hour supply of the silage to be fed and letting it "air out" to let the volatiles 
evaporate. When silage is unpalatable due to mold activity, the source of mold growth must be 
assessed. Those mold dense sections of ensilage should be disposed; usually this will be the top 
and sides of bunker silos. If there's a severe aerobic instability problem at the silo face and 
normal silage exists several feet within, then efforts should be made to dispose of the poor silage 
and increase feedout rates of the stable silage. 
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Summary 

Silage analysis should be used as a report card to determine the quality of forage being fed to 
dairy cows. Often silage quality monitoring testing equipment can be utilized to effectively 
determine silage quality at the silo-site, thus minimizing the need for expensive laboratory 
analyses of the forage. Less than ideal silages may result in dry matter intake depressions or 
fluctuations that may lead to other metabolic disorders. This is especially true in the transition 
cow that needs consistent forages for maintaining a stable rumen environment. 

Bullet Points Regarding Aerobically Unstable Silages 
• Assess fermentation, nutritional, and aerobic microbial values 
• Determine degree of mycotoxin activity that might be present 
• Allocate aerobically unstable silages to lower production groups 
• Determine extent of spoilage and dispose or increase feedout rates 

Bullet Points Regarding Clostridial Silages 
• Assess degree of butyric and nitrogenous end-product production. 
• Allocate Clostridial silages to other groups, dilute, and use molasses 
• Palatability decreases due to yeast volatiles and proteolytic end-products 
• Let volatiles air out 
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Table 1: Ensiled Forage and High Moisture (HMC) Sample Fermentation Values 

Your Normal Corn Your Normal 
Test Corn Silage Alfalfa Alfalfa 

Silage Silage Silage 
*Nutritional 
Moisture (see footnote below) 

Bunker/pile 63-72 65-70 
StavelBags 60-68 60-65 
Oxygen Free 50-60 50-60 

ADF,%DM 23-30 30 
NDF,%DM 46-50 40 
RFV **NA 150 
NE-L, .68-.70 0.64 
(mcal/lb DM) 
NE-G, .40-.47 
(Mcal/lbDM 
Crude Protein, 7.1-7.9 20 
%DM 
Bound Protein Less than 10-12 Less than 
%ADIN/%TN 10-12 
Ammonia Less than 10% Less than 
Nitrogen, 15% 
%TN 
*Fermentation 
pH Less than 4.0 Less than 

4.5 
Lactic Acid Greater than 3.0 Greater than 
%DM 2.0 
Acetic Acid Less than 3.0 Less than 
%DM 2.0 
Propionic Acid Less than 1.0 Less than 
%DM 1.0 
Butyric Acid Less than 0.1 Less than 
%DM 0.1 
Alcohol Less than 0.5 0 
%DM 
Microbial 
(***cfu/gm) 
Yeast Less than Less than 

100,000 100,000 
Mold Less than Less than 

100,000 100,000 
Bacillus Less than Less than 

100,000 100,000 
* Mycotoxin 
(****ppm) 
Vomitoxin 0 0 
All Others 0 0 
CORN SILAGE FOOTNOTE: MOiStureS dependent on If crop IS processes or not. 

* 
** 
*** 
**** 

Bunker Stave Sealed Bag 
Processed 67-72% 63-68% 55-65% 60-68% 
Non Processed 73-72% 60-68% 55-65% 60-68% 
All Values Expressed As Dry Matter Basis 
NA = Not Applicable 
Cfu/gm = colony forming units per gram forage or grain 
Ppm = parts per million of forage or grain 
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Your Normal Your 
Grass Grass HMC 
Silage Silage 

67-72 
63-68 
50-60 

30 
55 

NA 
0.75 

18 

Less than 
10-12% 

Less than 
15% 

Less than 
4.2 

Greater 
than 3.0 

Less than 
3.0 

Less than 
1.0 

Less than 
0.1 
0 

Less than 
100,000 

Less than 
1,000,000 
Less than 
100,000 

0 
0 

Normal 
HMC 

26-32 
26-32 
22-28 

3 
9 

NA 
0.93 

.70-.73 

10 

NA 

Less than 
10% 

Less than 
4.2 

Greater 
than 1.0 

Less than 
1.0 

Less than 
0.1 

Less than 
0.1 

Less than 
0.5 

Less than 
100,000 

Less than 
100,000 

Less than 
100,000 

0 
0 



Table 2: Aerobic Stability Case Study Sample Fermentation Values 

Test Surface Two- Normal 
Foot 

*N utritional 
% Moisture 43% 48% 63-68% 
% Dry Matter 57% 52% 32-37% 
Bound Protein, % CP 12% 11% <10-12% 
Sugar, % DM 0 1% 1-3% 
Fermentation * 
pH 5.5 4.0 3.8-4.2 
Lactic Acid 2.0% 4.0% >3% 
Acetic Acid 1.0% 1.0% <1% 
Propionic Acid 0 0 <1% 
Butyric Acid 0 0 <0.1% 
Ammonia Nitrogen, % TN 6.5% 7.5% <10% 
Microbial (**cfu/gm) 

Yeast 560,000,000 480,000 <100,000 
Mold 4,000,000 16,000 <100,000 
Bacillus < 1,000 < 1,000 <100,000 

* All Values Expressed As Dry Matter BaSIS 
** cfu/gm = colony forming units per gram of forage 
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Table 3: Clostridial Case Study Sample Fermentation Values 
Test Sampled Sampled Sampled Alfalfa 

Alfalfa Silage Alfalfa Silage Silage 
1st Crop 2nd crop 3rd Crop 

*Nutritional 
Moisture 68 75.0 69.5 
Dry Matter 32 25.0 30.5 
ADF 31 35 30 
NDF 42 45 40 
RFV 143 127 152 
NE-L, (mcal/lb) .62 .57 .63 
Crude Protein 9.1 9.69 20 
Bound Protein (ADINITN) 4.5 6.3 7.2 
Ammonia Nitrogen, % TN 3.5 50.0 3.8 
Fermentation * 
pH 4.2 5.5 4.1 
Lactic Acid 3 0 2.5 
Acetic Acid 1.4 1.0 1.8 
Propionic Acid .6 .02 0.8 
Butyric Acid 0 7 0 
Microbial (**cfu/gm) 
Yeast 84,000 100 100 
Mold < 100 < 100 700 
Bacillus 2,500 < 100 1,000 
Mycotoxin (·····ppm) 

Vomitoxin ND ND ND 
All Others ND ND ND 

* 
** 

All Values Expressed As Dry Matter BasIS 

*** 
cfu/gm = colony forming units per gram of forage or HMC 
ND = Not Determined 

Normal 
Alfalfa Silage 

65-70 
30-35 

30 
40 
150 
0.64 
20 

< 10-12 
< 10-15% 

<4.5 
> 2.0 
< 2.0 
< 1.0 
< 0.1 

< 100,000 
< 100,000 
< 100,000 

0 
0 

**** 
***** 

NA = Not Applicable; Relative Feed Value calculation only applies to alfalfa. 
ppm = parts per million determined by gas chromatography 
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