
Page 1 of 6

Silage and Enzyme Additives as Animal Feed and 
Animals Response

Mebrate Getabalew1, Asebu Mindaye2 and Tewodros Alemneh3*
1Holland Dairy Private Limited Company, Milk Collection Point Coordinator, Debre Zeit, Ethiopia.
2College of Agricultural and Natural Resources Science, Department of Animal Science, Debre Berhan University, Ethiopia.
3Woreta Town Office of Agriculture and Environmental Protection, South Gondar Zone, Amhara Regional State, Ethiopia

Introduction
Silage is the best method for preserving fresh forage with 

minimal losses. Silage quality and nutritional value are influenced 
by numerous biological and technological factors, when the proper 
ensilage techniques are used, silage will have a high nutritive value 
and hygienic quality [1]. However, the different results indicate 
that the quality of silage is often poor or even unsatisfactory. These 
results are usually achieved when the fermentation condition are  

 
difficult [2]. Factors which influence fermentation include degree 
of green fodder wilting, length of cut, ensiling technology type, and 
amount of an additive used [3].

Silage additives are natural or industrial products added in 
rather large quantities to the forage or grain mass. The purpose 
of silage additives is to control the preservation process so that 
by the time of feeding it has retained as many of the nutrients 
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Abstract 

Silage making process can be explained very simply, it is actually very complex and dependent on many factors, such as the natural microbial 
population, harvesting conditions and the sugar content of the forage. Consequently, silage quality can be very variable and the only way to effectively 
control the fermentation process is to use an additive. Additives are natural or industrial products added in rather large quantities to the forage or 
grain mass. Additives control or prevent certain types of fermentation, thus reducing losses and improving silage stability. In order to assist in 
the fermentation process, various silage additives have been used to improve the nutrient and energy recovery in silage, often with subsequent 
improvements in animal performance. The purpose for applying additives to the silage is to ensure that the growth of lactic bacteria predominates 
during the fermentation process, producing lactic acid in quantities high enough to ensure good silage. Therefore, this review is made to focus 
on some practical aspects of the fermentation process and the uses of some common silage additives that include microbial inoculants, enzymes, 
and prop ionic acid. For smallholder farmers with limited production capacity, finding enough feed in the winter months to maintain good milk 
production is always a problem. Many are forced to buy hay, concentrates or silage just to keep their animals alive and are unable to benefit due to the 
higher prices paid for animal feed in the winter months. Silage making is long practiced by the larger agricultural sector, but the production method 
relies on heavy equipment and large production, in order to dig or build storage pits and to compress the green mass, putting it beyond the reach of 
smallholder farmers. Lactic acid is produced when the sugars in the forage plants are fermented by bacteria in a sealed container (‘silo’) with no air. 
Forage conserved this way is known as ‘ensiled forage’ or ‘silage’ and will keep for up to three years without deteriorating. Silage is very palatable 
to livestock and can be fed at any time.
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present in the original fresh forage as possible and to ensure that 
the growth of lactic bacteria predominates during the fermentation 
process, producing lactic acid in quantities high enough to ensure 
a good silage [3]. However, the exact nutrient status of the silage 
will depend on many factors that can only be controlled via 
management. It is important to remember that silage additives will 
not make poor quality forage into good silage, but they can help 
make top quality forage into excellent quality silage [4].

 Many different silage additives are available and are used 
for different reasons. It includes fermentation stimulants, 
fermentation inhibitors, aerobic deterioration inhibitors, nutrients 
and absorbents [5]. Their main functions are to either increase 
nutritional value of silage or improve fermentation so that storage 
losses are reduced. Based on the above information, different 
authors described about the purpose of silage additives that 
can be used to ensure silage quality by encouraging lactic acid 
fermentation, by inhibiting undesirable microbes or by improving 
its nutritional value. The objective of the review paper is to know 
silage, silage additives, enzymes, fermentation, inoculants and 
also how to improve low quality feed by using silage and enzymes 
additives.

Literature Review
Silage 

Silage can be defined as any plant material that has undergone 
fermentation or “pickling” in a silo. And a silo is any storage 
structure in which green, moist forage is preserved. The primary 
goal of making silage is to maximize the preservation of original 
nutrients in the forage crop for feeding of livestock at a later date in 

livestock feeding programs [6].

Principles of ensiling
Ensilage or ensiling is a process of preserving forage for later 

use as animal feed [6]. The principles of ensilage are well known. 
The first essential objective is to achieve anaerobic conditions 
under which natural fermentation can take place. Where oxygen 
is in contact with herbage for a period of time, aerobic microbial 
activity occurs and yeast and mould will grow. This causes the 
material to decay to a useless, inedible and frequently toxic product. 
Finer chopping of plant material results in improved compaction 
and fermentation of silage. This then improves palatability and 
intake of silage [7].

The second objective is to discourage the activities of 
undesirable microorganisms such as clostridia and enterobacteria. 
Clostridia are present on crops and in the soil in the form of spores. 
Clostridia multiply under anaerobic conditions, produce butyric 
acid and break down amino acids resulting in silage with a poor 
palatability and lower nutritional value. The enterobacteria are 
no-spore forming, facultative anaerobes, which ferment sugars to 
acetic acid and other products. Enterobacteria also have the ability 
to degrade amino acids [7].

Growth of clostridia and enterobacteria can be inhibited by 
lactic acid fermentation. Lactic acid bacteria are normally present 
on harvested crops and these organisms ferment naturally 
occurring sugars like glucose and fructose to mainly lactic acid. The 
lactic acid produced increases the hydrogen ion concentration and 
undissociated acids to a level at which undesirable organisms are 
inhibited (Table 1) [7].

Table 1: Some good silage management practices.

           Silage Practice  Reasoning 

• Harvest crop at correct maturity and DM

• Corn silage: 1/2 to 2/3 milk line; 35% 
DM

• Alfalfa: < 1/10 bloom; bunk or bag silo 
- 35 to 45% DM, conventional upright 
35 to 50% DM, oxygen limiting silo - 

45 to 60% DM

• Grasses: boot; bunk or bag silo - 35 to 
45% DM

• Small grains: boot to dough; 30 to 40% 
DM

Optimizes nutritive value (protein, fiber, energy and vitamin)

In some cases, optimizes DM content

Ensures good packing, elimination of excess oxygen

Minimizes seepage losses

Prevents clostridial (butyric acid) fermentation

Chop material to correct length: about 3/8 to 1/2 inch Promotes good packing and elimination of oxygen Promotes cud chewing by cow

Harvest, fill, and seal quickly
Quick elimination of oxygen reduces DM losses from respiration and prevents growth of 

undesirable aerobic organisms

Sealing minimizes exposure to air · Pack to proper density to eliminate air

Wilt and chop during dry weather Prevents extensive DM losses from rained on forage Promotes rapid drying

Check that all equipment is in good working order

Sharpen knives

Be sure that silos are free from leaks

In upright silos, a good distributor

helps to distribute and pack silage

Allow silage to ferment for at least 14 to 21days Properly ensiled silage will minimize production losses during silage changeover
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Silage additives
Silage fermentation is a dynamic process that is affected by 

variety of factors. Research on silage and silage additives has been 
conducted for many years to improve the nutritive value of silages 
and to reduce some of the risks during the ensiling process [8]. A 
silage additive should be safe to handle, reduce DM losses, Silage 
additives are added to the forage or crop at ensiling, may improve 
the ensiling (fermentation) process, reduce losses, reduce aerobic 
deterioration at feed out, improve the hygienic quality of the silage, 
limit secondary fermentation, improve aerobic stability, increase 
the nutritive value of the silage, as the result increase animal 
production and give the farmer a return greater than the cost of the 
additive [8].

Some silage additives may also reduce unavoidable losses 
particularly those associated with the plant enzymes and 
microorganism or field losses. Examples of the five main classes 
of silage additives are fermentation stimulants (bacteria culture 
and carbohydrate sources), fermentation inhibitors (acids, 
formaldehyde), aerobic deterioration inhibitors (lactic acid bacteria, 
prop ionic acid), nutrients (urea, ammonia) and absorbents (barley, 

straw) [8,9].

Fermentation and animal response
The selection of the right biological silage additive will be 

made taking into account some rules. The amount of water-soluble 
carbohydrates necessary to obtain sufficient fermentation depends 
on the dry matter content and the buffer capacity of the crop.

In high dry matter silages with reduced water availability 
the presence of suitable, osmo tolerant lactic acid bacteria could 
become a limiting factor in the ensiling process. It has been shown 
that these bacteria represent only a small percentage of the 
indigenous micro flora on forage crop [9].

Lactic and acetic acids are major components of fermentation 
that are responsible for the increase in acidity of ensiled biomass 
(Table 2) [9]. Silages treated with lactic acid bacteria resulted 
in highest amount of organic acids and lowering final pH value 
improved the qualitative parameters of the silage compared with 
control. The silages treated with biological additives had also lower 
cell wall components (NDF, ADF) than silages control. Alfalfa, grass, 
and small cereal grain crops have responded well to microbial 
inoculation with hoLAB  (Table 2) [9].

Table 2: Predominant fermentation pathways in silage.

    Type of Fermentation End-Products Theoretical DM Recovery, % Theoretical Energy Recovery, %

Homolactic (glucose) lactic acid 100 99

Heterolactic (glucose) lactic acid, ethanol, CO2 76 98

Heterolactic (fructose) lactic acid, acetate, mannitol, CO2 95 99

Yeast (glucose) ethanol, CO2 51 99

Clostridia (glucose and lactate) Butyric acid, CO2 49 82

Inoculation Rate, Use and Storage
Microbial inoculants can be applied to the forage at a variety of 

locations. However, application to forage at the chopper is highly 
recommended in order to maximize the time that microorganisms 
have in contact with fermentable substrates. Application at the 
chopper is more important if silage is being stored in a bunk or pile 
because it is difficult to achieve good distribution onto silage from 
a forage wagon [10]. 

Inoculants can be applied in a liquid or solid form. According 
to Dawson [10] reported that on higher DM silages (greater than 
about 45% DM), using a liquid based inoculant is preferable 
because the low moisture in these silages limits fermentation. 
Inoculants applied in a liquid form may be more advantageous 
because the bacteria are added with their own moisture to help 
speed up fermentation.

Storage is an important aspect of a high-quality inoculants 
that contains live microorganisms. Some inoculants require 
refrigeration or freezing for optimum storage. Those that do not 
require cold temperatures for storage should still be kept in cool, 
dry areas away from direct sunlight. Moisture, oxygen and sunlight 
can decrease the stability of inoculants resulting in lower viable 
counts and a product that does not meet label guarantees [11].

Enzyme additives
Enzymes are proteins that assist in metabolic processes. A 

variety of enzymes, particularly those that digest plant fiber and 
starch have used as silages additives. To date, we can find no 
evidence that would promote the use of protease enzymes as silage 
additives since they would most likely increase the concentration of 
rumen degradable protein in silage (an undesirable result). Silage 
additives may contain single enzyme complexes, combinations of 
enzyme complexes and combinations of enzyme complexes and 
LAB. There are two primary reasons for adding fiber-digesting 
enzymes to silage. First these enzymes could partially digest the 
plant cell walls (cellulose and hemicellulose) yielding soluble 
sugars which could be fermented by LAB to lower the silage pH. 
This would stimulate silage fermentation and improve fermentation 
quality by increasing the rate and extent of decline in pH, increasing 
the concentration of lactic acid, improving the lactic acid : acetic 
acid ratio (which is indicative of greater efficiency of fermentation), 
and hence reduce DM losses. A faster decline in pH would also 
limit degradation and deamination of forage proteins and reduce 
ammonia production. Second, partial digestion of the plant cell 
wall may improve the rate and/or extent of digestibility. In order 
for the first event to take place the rate of cellulose hydrolysis 
must coincide with early growth of lactic acid bacteria. For an 
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improvement in digestibility, a change in the association of cell wall 
components must occur. (Amylase enzymes may provide substrates 
for LAB by partially digesting starch but would not degrade fiber).

The possibilities of using enzymes help to improve nutrient 
digestion, utilization, and animal productivity and at the same 
time reduce animal fecal material and pollution. Spraying enzymes 
onto forages just before feeding provides increased management 
flexibility for feeding and also bypasses any negative interactions 
that the ensiling process may have on silage enzyme performance.

When enzymes are sprayed onto silage before feeding, binding 
with substrates may help to protect these exogenous enzymes from 
ruminal degradation. Treating forages with enzymes in this manner 
may improve digestibility via a number of different mechanisms 
that including, direct hydrolysis, improvements in palatability, 
changes in gut viscosity, and changes in the site of digestion [11].

The enzyme amylase is useful for degrading starch into sugars. 
Cellulases or xylanases degrade cell walls into sugars. Sugars 
released by the enzymes increase growth of silage bacteria and, 
in some cases, fiber degrading enzymes also increase forage 
digestibility. These enzymes usually are most effective on low-lignin 
feedstuffs such as cereal silages and immature, cool-season grasses. 
Fiber-digesting enzymes have been most effective in reducing the 
fiber content of grass and alfalfa crops ensiled in the 60% to 70% 
moisture range [12].

Enzymes have improved fermentation by stimulating acid 
production, lowering pH, and lowering ammonia N. Just as bacterial 
inoculants require certain conditions for growth, enzymes require 
certain conditions for maximum activity. Most cellulase enzymes 
require a pH of 4.5 and temperature of 50˚C for optimal activity. 
Surface area, binding sites, moisture level and plant proteases may 
also inhibit enzyme activity [13].

Feed ingredients and by-products as additives
According to the report of Weiss, and Underwood [12] the 

incorporation of easily fermentable feed ingredients such as sugar 
or molasses to low DM sugar-limited tropical forages is a way to 
improve silage fermentation. Feed-grade products such as grains 
in general and processed by-products such as corn or sorghum 
meal, rice bran, cassava meal, citrus pulp, etc. can also be used as 
additives partly to provide fermentable substrate but also to direct 
the course of fermentation by absorbing excessive moisture [14].

Grain
According to the report of Weiss and Underwood [12] addition 

of grain to corn silage is not useful but adding it to hay crop silage 
has two benefits. First, adding grain to hay crop silage increases 
the energy content of the silage. This will reduce the amount of 
supplemental grain that has to be fed. If silage will be the main or 
only feed offered, then adding some grain to the forage at ensiling 
will make it a more complete feed. However, grain mixed with silage 
prior to ensiling or at feeding is nutritionally equal; therefore, if 
supplemental grain must be fed anyway, no true benefit is realized. 
Secondly, adding grain to forage will increase the dry matter 
content of the silage. Hay crops that are not wilted sufficiently 
prior to ensiling can cause seepage and result in an undesirable 

fermentation. Added grain may also make wet silage easier to 
unload from the silo [15].

Molasses
Cane molasses (75% DM) has been widely used added up 

to 10% w/w to provide fast fermentable carbohydrate for the 
ensilage of tropical herbages. Due to its viscosity it is difficult to 
apply and should be diluted preferably with a reduced volume of 
warm water to minimize seepage losses. When applied to tropical 
grasses molasses should be used in relatively high concentrations 
(4% to 5%) and with crops of very low DM content, a considerable 
proportion of the additive may be lost in the effluent during the first 
days of ensilage. However, according to the provision of extraneous 
sugar alone is not sufficient to permit the lactic acid bacteria to 
compete with other components of the silage micro flora and thus 
ensure preservation. So, under high moisture conditions molasses 
can also induce aclostridia spoilage especially with forages 
contaminated with soil [16].

Acids
Acids are added to forages at ensiling to cause an immediate 

drop in pH or to increase bunk life. Formic acid and mineral acids 
(sulfuric and hydrochloric) added at 10 - 30 lbs/wet ton will 
reduce pH quickly and greatly limit fermentation losses of protein 
and carbohydrates. Mineral acids are recommended the rapid 
acidification of the crop with a pH of about 3.5, which was originally 
thought to inhibit microbial and plant enzyme activity [13].

When acids are added, plant materials sink quickly and are easy 
to consolidate. Acidity may arrest plant respiration and reduce heat 
production and nutrient loss. Rapid acidification may also inhibit 
clostridia. However, addition of acids increases effluent and can be 
potentially toxic to animals. Furthermore, acids are corrosive to 
people, animals and machinery. Reduction of moisture content may 
minimize effluent, and addition of calcium carbonate can be used to 
adjust silage acidity [17].

Formic acid and/or formaldehyde treatments
Commercial formic acid (85%) has been extensively used for 

the ensilage of un wilted temperate grasses but is gradually being 
substituted by biological additives, certainly because it is unsafe in 
handling and application and corrosive to equipment. Information 
about the use of such additives on tropical forages is limited to 
research data and no literature was found reporting farm-scale 
adoption. Earlier studies by with the production of young, high-
protein, low DM elephant grass have shown that a 0.8% rate of 
formic acid is needed for a reasonably good silage fermentation, 
while found no effectiveness based on silage composition when 
applying formic acid at various rates to un wilted or wilted elephant 
grass. On the other hand, 0.5% formic acid treated elephant grass 
had not only an improved fermentation but also higher intake and 
digestibility as compared to the untreated control [18].

Propionic acid
It is the short-chain fatty acids; prop ionic acid has the greatest 

anti mycotic activity. It is weaker than formic and mineral acids 
but can be a useful additive for silages. Prop ionic acid is effective 
in reducing yeast and molds which are responsible for aerobic 
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deterioration in silages. The antimycotic effect of prop ionic 
acid is enhanced as pH declines, making it an ideal candidate for 
improving the aerobic stability of corn silage where pH is low. In the 
past, aerobic stability was improved when large amounts of prop 
ionic acid (1% to 2% of the DM) were added to silage, but the high 
percentage of acid often restricted fermentation in these cases. The 
application rate of prop ionic acid additives has varied depending 
on moisture content of the forage, length of storage and formulation 
with other preservatives [19].

Nutrient Additives
Ammonia and urea

Anhydrous ammonia or water- or molasses-ammonia mixes 
have been used as silage additives. Ammonia additions have 
resulted in a) addition of an economical source of crude protein 

b) prolonged bunk life during feeding (aerobic stability, c) less 
molding and heating during ensiling; and d) decreased protein 
degradation in the silo [20].

Urea has been added to corn silage as an economical source of 
crude protein. However, a beneficial effect of urea on improved bunk 
life and decrease in proteolysis has not been totally substantiated. 
Whenever ammonia or urea is added to the diet, special attention 
should be made to ensure that degradable and un degradable 
protein requirements are balance for the target ruminant animal 
[20].

Ammonia has been used to treat corn silage, small cereal grain 
silage and high moisture corn with varying degrees of success. 
Although some have used ammonia on alfalfa silage, this practice is 
not recommended [11]. Addition of anhydrous ammonia or water-
ammonia mixes initially buffers the plant material  (Table 3).

Table 3: Enzymes used as silage additives.

Enzyme Complex Target Substrate End Products Enzyme Complex Target Substrate 

Cellulase Cellulose Glucose, maltose, limit dextrins

Hemicellulase (xylanase) Hemicellulose Xylose, xylans, arabinose

Amylase Starch Glucose, maltose

Minerals
Minerals such as calcium, phosphorous, sulfur and magnesium 

have been added to forage at the time of ensiling. Usually these 
either have no effect on fermentation or act as buffers resulting in 
higher pH silage. The only reason for adding minerals at the time of 
ensiling is if the silage will be the only feed offered to the animals. 
Addition of minerals will make the silage more nutritionally 
complete. If concentrates are going to be supplemented, it is better 
to add the minerals to the concentrate mix . Salt is also a mineral 
additive. The addition of 1% sodium chloride to a mixture of wilted 
elephant grass and cassava tops (28% DM, 9.5% WSC) was not 
effective to improve fermentation of silage as compared to the un 
wilted control [20].

Conclusion
To ensure good animal health and growth, it is essential to 

produce feed having high nutritive value and microbiological 
quality. Silage additives can be useful tools to improve silage 
quality (increase nutritional content) and animal performance 
(milk [quantity and/or composition], gain, body condition, 
reproduction), or decrease heating and molding during storage and 
fadeout; however, they are not replacements for good management 
practices. Silage additives will not make poor quality forage in to 
good, but they can help make good quality forage into excellent 
quality silage. Silage additives can be beneficial and economical 
to use. Producers should use silage additives that are supported 
with published data. Microbial inoculants have improved the 
nutritive value of silages, but enzymes have been inconsistent. 
Effects of microbial inoculants on aerobic stability have also been 
inconsistent. Anhydrous ammonia and prop ionic acid can improve 
the aerobic stability of silages, but their use is not widespread due 
to difficult handling and cost, respectively. To make the best silage 
always use an additive is a good recommendation if care should be 

taken when choosing a silage additive and follows the product’s 
direction properly. In order for a silage additive to be useful it must 
increase DM (nutrient) recovery, improve animal performance 
(milk [quantity and/or composition], gain, body condition, 
reproduction), or 3) decrease heating and molding during storage 
and feed out.
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