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Abstract
Silage making process can be explained very simply, it is actually very complex and dependant 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 propionic acid.
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1. Introduction
Considering the real climate conditions, 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 results in practice 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 includes
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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 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 [4]. Additives are used to improve nutrient composition of silage, to reduce storage losses
by promoting rapid fermentation, to reduce fermentation losses by limiting extent of fermentation, and to improve bunk life of silage (increase aerobic stability). It is widely accepted that silage additives can increase animal intake and animal performance through their effect on silage quality [5]. 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 [6]. Many different silage additives are available and are used for different
reasons. It includes fermentation stimulants, fermentation inhibitors, aerobic deterioration inhibitors, nutrients
and absorbents [7]. 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. Therefore to know and understand more about the use of silage additives this review is made from different sources.

2. Literature Review
2.1. Silage and Principles of Ensiling
2.1.1. 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 [8]. 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 [8].
2.1.2. Principles of Ensiling
Ensilage or ensiling is a process of preserving forage for later use as animal feed [8]. The principles of ensilage
are well known. The first essential objective is to achieve anaerobic conditions under which natural fermentation
can take place. In practice this is achieved by consolidating and compacting the material and the sealing of the
silo to prevent re-entry of air. Air that is trapped in the herbage is rapidly removed by respiratory enzymes [7].
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 [7]. Finer
chopping of plant material results in improved compaction and fermentation of silage. This then improves palatability and intake of silage [9].
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 [7]. The critical pH at which growth of clostridia and enterobacteria are inhibited depends on the moisture content and the temperature. The wetter the material the lower
the critical pH will be. According to [10] the pH required for stability of silage at 150, 250, 350 and 450 g
DM/kg, is 4.10, 4.35, 4.60 and 4.85 respectively. The growth of most acid tolerant clostridia will be inhibited by
a pH just below 5.0 [11]. With very wet crops at a DM concentration of 150 g/kg even a pH of 4 may not inhibit
clostridial growth. Clostridia are very sensitive to water availability and require wet conditions for active development. Growth of clostridia can be inhibited by reducing the moisture content by wilting prior to ensiling. Lac-
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tic acid bacteria have a high tolerance to low moisture conditions and are able to dominate the fermentation of
high dry matter crops [7].
Lactic acid bacteria, which are the most important species during ensiling, are usually present on grass in
numbers 1000 times lower than their main competitors, fungi and enterobacteria. After ensiling, the microorganisms capable of anaerobic growth namely, lactic acid bacteria, enterobacteria, clostridia, some Bacillus spp.
and yeasts begin to grow and compete for available nutrients. The first few days of ensiling are critical to the
success or failure of the subsequent fermentation. Under favourable conditions lactic acid bacteria will quickly
acidify the environment to such an extent that the competing organisms will not be able to survive and the end
result will be a stable, low pH silage. If, however, the pH is not lowered quickly enough the undesirable microorganisms, mainly enterobacteria, clostridia and yeasts will be able to compete for nutrients. This will reduce the
chances of obtaining a stable silage [7].
Many investigations have been performed on the numbers of epiphytic bacteria on silage crops. Numbers of
epiphytic bacteria found on standing grass and Lucerne [12] are often below 100/g of fresh material. The numbers present on the crop at ensiling are of more practical importance. After mowing, wilting and chopping increased numbers of epiphytic lactic acid bacteria are found. The numbers at ensiling range from 50,000 to
500,000 with extremes up to 10 million/g [13]-[16].
Wilting of crops is often recommended. [17] found that only 10% of the total epiphytic lactic acid bacteria on
grasses can grow at a dry matter content of above 450 g/kg. Climatic conditions do have an impact on the numbers of viable lactic acid bacteria. High numbers at ensiling positively correlate with environmental temperature
and air humidity and negatively with solar radiation [14] [18]. [14] reported on a survey of 991 grass and 370
maize crops samples and found 46% to 59% of the lactic acid bacteria were homofermentative. By increasing
the number of homofermentative lactic acid bacteria more efficient fermentation may take place.

2.2. 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 [19]. 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 feedout, 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 [20]. 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 etc.), aerobic deterioration inhibitors (lactic acid bacteria,
propionic acid etc.), nutrients (urea, ammonia etc.) and absorbents (barley, straw etc.) [7].
According to [21], there are five types of Silage Additives such as
1) Fermentation stimulants:
a) Fermentable carbohydrates Sugar sources such as Molasses, sucrose, glucose, citrus pulp, pineapple pulp,
sugar beet pulp
b) Enzymes like Cellulases, hemicellulases, amylases
c) Inoculants such as Lactic acid bacteria (LAB)
2) Fermentation inhibitors:
a) Acids and organic acid salts such as Mineral acids (e.g. hydrochloric), formic acid, acetic acid, lactic acid,
acrylic acid, calcium formate, propionic acid, propionates
b) Other chemical inhibitors such as Formaldehyde, sodium nitrite, sodium metabisulphite
3) Aerobic spoilage inhibitors:
Like Propionic acid, propionates, acetic acid, caproic acid, ammonia, some inoculants
4) Nutrients
Like Urea, ammonia, grain, minerals, sugar beet pulp
5) Absorbents
Like Grain, straw, bentonite, sugar beet pulp, polyacrylamide
In order to improve crop preservation and its feeding value, common silage additives are described below.
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2.2.1. Biological Additives
Microbial inoculants and enzyme preparations are regarded as natural products which are safe to handle, noncorrosive to machinery, do not cause environmental problems and their usage has expanded remarkably in the
last decades. Perhaps no other area of silage management has received as much attention among both researchers and livestock producers as bacterial inoculants [22]. There are many commercial products with variable efficacy available. However, dosage and method of application are decisive for effectiveness.
1) Microbial Inoculation
a) Organisms
Inoculants are added to silage to dominate the epiphytic (natural) population of bacteria on plants that cause
DM losses by inefficient fermentation of sugars. The three main types of microbial inoculants are 1) homofermentive; 2) homolactic; and 3) heterofermentive. Homofermentative inoculants contain bacteria such as Lactobacillus plantarum, Pediococcus and Lactococcus species. They promote a rapid fermentation producing mainly
lactic acid and bring the pH down to 4 rapidly, preventing further breakdown of the sugar and protein in the crop.
Heterofermentative inoculants-contain bacteria such as Lactobacillus buchneri and Lactobacillus brevis. They
produce a mix of lactic and acetic acid which results in a slower fermentation than the homofermentative inoculants. They are designed to inhibit yeast and moulds that initiate the process of aerobic deterioration during feedout [6].
Forage often naturally contains many detrimental types of bacteria, the concept of adding a microbial inoculant to silage was to add fast growing homofermentative lactic acid bacteria (hoLAB) in order to dominate the
fermentation resulting in a higher quality silage. Some of the more common homolactic acid bacteria (hoLAB)
used in silage inoculants include Lactobacillus plantarum, L. acidophilus, Pediococcus acidilactici, P. pentacaceus, and Enterococcus faecium. Microbial inoculants contain one or more of these bacteria which have been
selected for their ability to dominate the fermentation. The rationale for multiple organisms comes from potential synergistic actions. For example, growth rate is faster in Enterococcus > Pediococcus > Lactobacillus. Some
Pediococcus strains are more tolerant of high DM conditions than are Lactobacillus and have a wider range of
optimal temperature and pH for growth (they grow better in cool conditions found in late fall and early Spring
[23].
In Europe and the USA bacterial inoculants have nowadays become the most commonly used additives for
corn, and grasses and legumes that can be wilted to above 300 g DM kg −1 [17] [22] [24] [25].
b) 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. [10] characterized the relation between these factors as follows,
FC = DM (%) + 8 WSC (sugar content)/BC
FC = fermentation coefficient
DM = dry matter content
WSC = water-soluble carbohydrates
BC = buffer capacity
• If FC < 35 = bad ensilable
• If FC between 35 and 45 i.e. 35 < FC < 45 = middle ensilable
• If FC > 45 = good ensilable
Forages with insufficient fermentable substrate or too low a dry matter content have a FC < 35. In these forages sufficient fermentation can only be achieved if the sugar content of the material is increased, either by
adding sugars directly (e.g. molasses) or by adding enzymes that release extra sugars from the crop. In forages
with a FC of 35 or more sufficient fermentable substrate is available. Also, adding suitable lactic acid bacteria
can accelerate and improve the ensiling process. In high dry matter silages with reduced water availability the
presence of suitable, osmotolerant 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 microflora on forage
crops [17]. Forages with dry matter content above 50% are considered difficult to ensile [26].
The formula of [10] does not apply for crops with a low nitrate content such as extensively managed grasses
and immature whole crop cereals, because these crops are more liable to clostridial fermentations than crops
with a moderate nitrate content [27]. Inoculants that increase lactic acid fermentation might be useful to inhibit
clostridial activity. The minimum number of lactic acid bacteria required to inhibit clostridial activity was found
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to be at least 100,000 colony forming units per gram of fresh crop [10] [28].
Lactic and acetic acids are major components of fermentation that are responsible for the increase in acidity of
ensiled biomass [29]. In the present study, 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.
The fermentation of high moisture corn has also been improved with hoLAB. A study conducted in North
America where corn silage was treated with a hoLAB microbial inoculant; there was a significant improvement
in animal performance and a small change in fermentation end products. [30] reported that in 19 studies conducted at Kansas State University, with corn silage, silages inoculated with hoLAB had 1.3 percentage unit
higher DM recovery, supported 1.8% more efficient gains, and produced 3.6 lb more gain per ton of crop ensiled
with beef cattle. Similar results were found with treated sorghum silages. In certain instances, significant animal
responses have been observed with inoculation although there was little effect on traditional end products of
fermentation [31] [32]. These data suggest that lack of detectable changes in classically measured fermentation
end products is not a good indicator of the effectiveness of an inoculant.
When compared to untreated silages, silages treated with adequate numbers of a viable hoLAB should be
lower in pH, acetic acid, butyric acid and ammonia-N but higher in lactic acid content. [25] reported that microbial inoculation lowered pH, improved the lactic: acetic ratio, and lowered ammonia nitrogen content in more
than 60% of studies. Dry matter recovery was improved in 35% of the studies. Dry matter digestibility was also
improved in about one third of the cases. Microbial inoculation usually has little or no effect on the fiber content
of silages because most lactic acid bacteria contain little or no ability to degrade plant cell walls. Decreases in
fiber content may be due to partial acid hydrolysis of hemicellulose. Some data suggests that certain microbial
inoculants can increase fiber digestion [33]. Bunk life or aerobic stability was improved in only 33% of the studies and in fact inoculation with hoLAB has, in many instances, made aerobic stability worse. This is probably
due to a lower content of acetic acid and other potential antifungal end products. Silage treated with hoLAB can
be extremely stable if feeding and silo management is good.
Relative to animal responses, [24] reported positive responses to microbial inoculants on intake, gain, and
milk production (Table 1). The average response in milk production was a +3.1 lb per day in studies where milk
production was statistically improved. A summary of 14 lactation studies conducted in University and government research institutes in North America and Europe using resulted in an average increase of 4.6% [34]. Improvements in milk yield were obtained with a variety of crops (grass, corn, and alfalfa) across a wide spectrum
of DM contents (15% to 46% DM). The study of [35] did show an improvement in aerobic stability, higher silage intake, less protein breakdown in maize silage when an inoculant was added during ensiling. Milk production was, however, not increased. The intake of lambs fed inoculated maize silage was 10.7% higher and growth
tended to be 6.6% higher [36]. The adding of an inoculant to oat silage made at soft dough stage did result in
improved preservation, higher intake (+5.1%) and a milk response of 1 kg/day (+5.9%) in Jersey cows [9].
Similarly, 19 comparisons among untreated silages [34] summarized silages treated with MTD1 for beef cattle. Across all studies and types of forage, cattle fed inoculated silage inoculated with MTD1 ate 7.5% more DM
and gained 11.1% more weight. Unfortunately, there is no good way to predict the effectiveness of microbial
inoculants. A model developed by [37] suggested that inoculants would be most effective on alfalfa during cool
conditions of first, third and fourth cuttings. However, there are numerous products that have little or no research to support claims of improved fermentation or animal performance. Another factor which complicates the
evaluating process is that the majority of bacterial inoculants are repackaged for distribution under private label
and numbers of bacteria may be low and/or other additives (e.g., enzymes, fermentation extracts, minerals) are
included in the formulations.
c) Inoculation Rate, Use, and Storage
The organism(s) from microbial inoculants must be present in sufficient numbers to effectively dominate the
fermentation. The most commonly recommended inoculation rate for L. plantarum based-inoculant results in a
final concentration of 100,000 (or 1 × 105) colony forming units of this organism per gram of wet forage. There
is limited evidence to support the suggestion of some that doubling or tripling this amount (e.g. 200,000 300,000 cfu) is more beneficial. Additions of 1,000,000 (1 × 106) cfu per gram of wet forage are probably not
cost effective in North America [23].
According to a study of [23] most microbial inoculants are available in powder or granular form. Inoculants
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Table 1. The effect of inoculant on silage fermentation, aerobic stability, intake, growth and milk production.
Crop

Fermentation

Aerobic stability

Intake

Growth

Milk prod

Author

D.eriantha

+++

+++

+++

ND

ND

[38]

E.curvula

+++

0

ND

ND

ND

[39]

Ryegrass

+++

ND

++

++

+++

[40]

Ryegrass

+++

ND

ND

ND

ND

[5]

Ryegrass

0

ND

0

0

0

[41]

Ryegrass

0

0

++

+

+++

[30]

Ryegrass

0

ND

0

ND

0

[42]

Maize

+

ND

++

++

++

[43]

Maize

+

ND

+

++

ND

[44]

Maize

0

0

+++

+

ND

[36]

Maize

0

++

+++

0

0

[35]

Maize

+++

0

0

0

ND

[45]

Maize

ND

ND

++++

0

+++

[46]

Maize

+

---

ND

ND

ND

[47]

Oats

+++

0

+++

0

+++

[48]

Wheat

+++

---

ND

ND

ND

[49]

Sorghum

+++

---

ND

ND

ND

[50]

Lucerne

+++

0

ND

ND

ND

[51]

Lucerne

+++

0

ND

ND

ND

[52]

+++ = large positive effect, ++ = medium positive effect, + = slight positive effect, 0 = no effect, --- = negative effect, ND = not determined.

applied in the dry form are often mixed with calcium carbonate (limestone), dried skim milk, sucrose or other
carriers. These products can be applied by hand or by solid metering devices as per manufacturer’s recommendations. Inoculants to be applied in the liquid form come as dried powders and are mixed with water just prior to
use. Use of chlorinated water may be detrimental to the inoculant if levels exceed more than 1.5 to 2 PPM. Application can be with a simple watering can by weighing the incoming forage load and adjusting application
based on the average unloading time. A better method is to use a metered liquid sprayer to evenly disperse the
inoculant on the forage. Unused liquids should be discarded after a period of 24 to 48 h because bacterial numbers begin to decline.
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. Distribution of the inoculant
is less of a problem if it is applied at the blower of an upright silo or at the bagger. Throwing a can of dry inoculant onto a load of forage and hoping for even distribution is not an acceptable practice. Inoculants can be applied in a liquid or solid form. [53] 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 inoculant 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
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stability of inoculants resulting in lower viable counts and a product that does not meet label guarantees [23].
Opened bags of inoculants should be used as soon as possible and, if not completely used, probably not carried
over into the next season.
d) Miscellaneous Organisms
Several microorganisms that are not hoLAB have been used as silage inoculants specifically for the purpose
of improving aerobic stability. For example, the Propionibacteria are able to convert lactic acid and glucose to
acetic and propionic acids that are more antifungal than lactic acid. [54] reported that addition of P. shermanii
prevented the growth of molds and markedly reduced the initial population of yeast in high moisture corn where
the final pH was greater than 4.5. [55] reported similar findings in high moisture corn. [49] saw little benefit
from adding Propionibacteria to pearl millet and corn silage (final pH < 4.0) but reported improvements in the
aerobic stability of wheat silage when the decline in pH was slow. Studies conducted in laboratory silos, there
was no observed beneficial effects of Propionibacteria in corn silage (final pH 3.6 to 3.8) [56]. However, [22]
reported more propionic acid, lower yeasts and molds, and greater aerobic stability in corn silage (pH of 3.6)
treated with Propionibacteria. Some concerns relative to the use of Propionibacteria that have not been adequately addressed are the loss of DM (from CO2 production) and the fact that Propionibacteria have proteolytic
activity. The primary reasons for the ineffectiveness of these organisms include the facts that they are strict
anaerobes, they are slow growing, and they are relatively acid intolerant.
Heterolactic lactobacilli may also be useful as silage inoculants. For example, two new isolated heterolactic
strains of Lactobacillus plantarum have been shown to improve the aerobic stability of corn silage by an average
of 28 hours in five studies [57]. These organisms where selected for fast growth, production of lactic and acetic
acids, and the ability to suppress the growth of 5 major strains of yeasts that cause spoilage in corn silage.
Another heterolactic acid bacteria having potential to improve the aerobic stability of silages are Lactobacillus
buchneri. [58] reported that corn silage treated with L. buchneri was more stable than untreated silage. They
suggest that improved aerobic stability was due to the ability of L. buchneri to ferment lactic acid to acetic acid
and 1,2 propanediol [59]. [60] added L. buchneri to corn silage at a rate of 103 to 106 cfu/g of silage and found
decreased numbers of yeasts in silage and increased acetic acid in silage (from 1.8% to 3.6%, DMB).
Aerobic stability was markedly improved by inoculation (control silage heated after 26 hours while treated
silages remained cool for more than 400 h in silage). Increases in acetic and propionic acids in silages treated
with L. buchneri accompanied improvements in the aerobic stability of barley silage [32]. We also have observed improved aerobic stability in high moisture corn treated with L. buchneri [32]. In addition, high levels of
acetic acid may depress animal intakes. To date, in research studies, losses of DM have been small and no negative effects on animal performance have been observed when feeding silages treated with L. buchneri [23].
2) Enzyme Additives
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
[23].
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 [25] the effect
being greatest in grasses. Improvements in silage fermentation and decreases in fiber content appear more pronounced in immature grasses than mature grasses where hydrolysis of the cell wall would be more difficult due
to increased lignification. Enzymes have improved fermentation by stimulating acid production, lowering pH,
and lowering ammonia N. Results of enzymes on DM or fiber digestion have been more negative than positive.
A possible reason for this is that fiber-degrading enzymes predigest the readily digestible fiber leaving a slower
and less degradable fraction [23].
[25] found that positive responses in intake, gain and milk production were less for silages treated with en-
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zymes than with microbial inoculants. There are many variables that may affect the efficacy of fiber-degrading
enzymes. 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. We also do not
know the optimum mixture of enzymes that will improve silage fermentation. For example, “cellulose” enzymes
are a complex of various endo- and exo-beta-glucanases, cellobiohydrolase, and cellobiase. [61] who reported
that cellulase enzymes addition was capable to breakdown the component of structural carbohydrates during ensiling and improving fiber degradation during silage fermentation. Much research has shown an improvement in
cell wall degradation by enzyme inclusion during silage fermentation [62]. It might be due to more substrate of
fermentable carbohydrates were provide from the hydrolysis of cellwall components, which stimulate a good
fermentation by lactic acid bacteria. Complete breakdown of insoluble cellulose to glucose requires synergistic
action between the enzymes.
Spraying enzymes on the silage has increased the release of residual sugars and rate of NDF digestion. A
mixture of fiber degrading enzymes sprayed onto the forage portion of a total mixed ration resulted in cows
consuming 4 lb more DM per day and producing 2.8 lb more milk per day [63]. Maine researchers reported that
dry matter intake increased by 10.7% and milk yield by 14.7% in one study [64]. However, [65] reported that
the growth of Holstein heifers was not improved by application of fiber-degrading enzymes to the silage of a total mixed ration immediately before feeding. [61] reported marked improvements in milk production when an
alfalfa hay, alfalfa silage, and cottonseed mix was sprayed with a moderate but not with a lower or higher
amount of fiber degrading enzymes. Positive responses to treating the forage portion (primarily corn silage) of a
TMR with enzymes in 3 consecutive years have also been observed [24].
2.2.2. Feed Ingredients and By-Products as Additives
According to the report of [66] 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. To optimize their effectiveness by avoiding effluent losses
they have to be used in relatively high rates (aiming a DM content > 25% of the mixture) and adequately mixed
with the chopped forage, which demands extra labour and/or appropriate equipment. This type of additive may
be of seasonal and local supply and cost effectiveness should also consider the improvement achieved in nutritive value.
1) Grain
According to the report of [66] 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. Recommended application rate for grain is
100 - 200 lbs/wet ton. This rate will increase the dry matter content of silage by about 5 percentage units. The
grain should be cracked or rolled prior to ensiling for maximum benefit. In general, adding grain does not improve fermentation because starch (the main carbohydrate in grain) is not readily fermented in the silo.
2) 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 [19]. However, according to [67] the provision of extraneous sugar alone is not sufficient to permit the lactic acid bacteria to
compete with other components of the silage microflora and thus ensure preservation. So, under high moisture
conditions molasses can also induce a clostridial spoilage especially with forages contaminated with soil.
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Molasses in numerous silage experiments has been proven to be an effective silage additive in terms of promoting lactic fermentation, reducing silage pH, discouraging a clostridial fermentation and proteolysis, and generally decreasing organic matter losses. It is of particular benefit when applied to forage crops low in fermentable carbohydrates for lactobacilli. Recently, [68] reviewed the published literature on molasses as silage additives and concluded that molasses treatment improved silage preservation, but did not significantly alter the silage digestibility or animal performance although silage DM intake was improved.
Sugarcane molasses added at the rate of 3% (w/w, fresh basis) to Napier grass (12.9% DM, 6.6% WSC) produced silages of reasonably good fermentation quality, however, the nutrient recovery from the silo was reduced
as compared to formic acid treated silage [69]. The same molasses dosses also resulted in increased in vitro DM
digestibility coefficients of Napier grass ensiled at 51, 96 and 121 days of vegetative growth [70].
Dwarf elephant grass cut at 72 days regrowth (14.4% DM, 7.1% WSC) with a high buffering capacity was
treated with 4% molasses and ensiled in 4 kg polythene bags with the resulting silage having lower pH and ammonia-N than the control silage [71].
Four levels (0%, 4%, 8%, and 12%) of dried molasses (97% DM) were applied to chopped Bermuda grass
(32.4% DM, 70.2% NDF) pre-treated with 1174 Pioneer silage inoculant (1.7 l/t of forage) and packed in 19-liter plastic containers. The increasing molasses levels lowered pH, ADF, and NDF percentages and increased in
vitro DM digestibilities in Bermuda grass silages [72].
Guinea grass with 4 weeks (18.6% DM) and 8 weeks (26.5% DM) of growth was ensiled untreated or with 4%
molasses in 400 g laboratory silos. The pH varied from 4.4 to 5.4 and from 4.0 to 4.7 and ammonia-N ranged
from 23.5 to 35.3 and from 15 to 39, respectively, for untreated and molasses treated silages [73].
Tjandraatmadja et al. (1994) tested the effects of 4% and 8% molasses added at the ensilage of Panicum
maximum cv. Hamil, pangola grass (Digitaria decumbens) and setaria (Setaria sphacelata cv. Kazungula) harvested at 4, 8 and 12 weeks of growth. The results from a laboratory trial with 500 g-vacuum sealed silo bags
kept in a dark, temperature controlled room led to the conclusion that 4% (w/w) molasses should be sufficient to
achieve effective preservation. Pangola grass which had a highly significant different chemical composition
prior to ensiling, with lower NDF and lignin content presented a dominant homo-fermentative lactic acid bacteria population in silage which was fairly well preserved even without molasses.
The effects of adding molasses (5% w/w) or ground maize (5% and 10% w/w) to star grass (Cynodon nlemfluensis) mixed with four levels (0%, 15%, 30%, 45% w/w) of legume (Desmodium uncinatum) were studied in
a laboratory trial by [74]. In general, both additives improved fermentation up to the level of 30% of legume inclusion, however, molasses addition resulted in lower levels of volatile N and higher lactic acid content compared to the control and both ground maize treatments.
3) Starch Sources
It is controversial to what extent starch is an available substrate for lactic acid bacteria [67]. [75] recovered
100% and 90% of starch from barley and oats, respectively, added at the ensilage of ryegrass, attributing an improved fermentation to the substrate available from 3% - 4% of soluble carbohydrates or from fractions such as
ß-glucan contained in the cereals and not to a hydrolysis of starch.
A first growth of Napier grass was hand-harvested under rainy conditions (8.6% DM, 67.6% NDF), chopped
to 3 cm, treated with 4 % molasses and/or 15% defatted rice bran (2.0% crude fat) on the fresh grass basis and
ensiled in plastic bags. DM contents of silages were 13.4%, 20.1% and 22.5% and spoilage losses were 5.6%,
0.3% and 3.0% for treatments with molasses, rice bran and their mixture, respectively. Treatment with plain rice
bran had the highest content of acetic (6.7% of DM) and propionic (1.4% of DM) acids and ammonia-N but the
lowest content of lactic acid. The authors [76] concluded that the combination molasses/rice bran can improve
the fermentation quality and enhance the utilization of the silage by goats, more than each additive as a single
treatment.
Cassava (Manihot esculenta) tuber meal (72.1% WSC) and coconut (Cocos nucifera) oil meal (17.6% WSC)
were both added (5% wet basis) to Guinea-A (Panicum maximum) with 17.7% DM and 6.3% WSC and to
NB-21 (Pennisetum purpureumx Pennisetum americanum) with 16.3% DM and 9.9% WSC forages, chopped
(1.5 cm) and ensiled in 2 kg laboratory silos. Both additives improved fermentation as compared to untreated silages of both forages, with greater effects in silages with cassava tuber meal [77].
Elephant grass was harvested at 75 days growth (19.4% DM, 72% NDF) and ensiled in 300 kg asbestos/cement containers either unwilted or wilted (29.6% DM) both materials with or without 8% ground sorghum grain
(w/w). Wilting was achieved by exposing crushed forage stems three hours in windrow after harvesting with a
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mower/conditioner (New Holland). Sorghum addition to both wilted and unwilted silage increased DM contents,
reduced ethanol and acetic acid contents and increased intake of digestible energy as measured in sheep [78].
Silages of elephant grass cv. Guaçu were obtained adding 0%, 8%, 16% and 24% (w/w) either of ground ear
corn with husks, wheat bran or “saccharin” (urea treated sugar cane, with 12.6% crude protein, 17.5% crude fibre in DM) to unwilted forage (12.40% DM, 10.4% WSC) harvested with a precision chopper (3 mm chop
length) and packed into 200 l plastic containers with a layer of ground hay at the bottom to absorb effluent [79].
Ground ear corn was more effective to increase DM content and to restrict lactic acid production while reducing
ammonia-N which reached 31.3% and 36.2% for “sacharin” and wheat bran treatments, respectively [79].
The fermentation pattern of wilted elephant grass cv. Taiwan-A146 silage (8 hour wilting, 26.6% DM, 6.74%
WSC) did not differ from silages made of unwilted grass (23.5% DM, 7.2% WSC) prepared with a cassava
starch by-product added at 2%, 4%, 8% or 12% (w/w). According to the authors [80] the relatively low lactic
acid levels demonstrate that the substrate was not available to lactic acid bacteria.
4) Citrus Pulp
Fresh citrus peels have been added at the ensilage of Napier grass with levels up to 50% improving fermentation quality as measured by low pH values and low butyric acid content and adequate lactic acid production [81].
Citrus peels may contain 50% WSC in DM but the low DM content (14% - 21%) and intensive initial fermentation lead to high seepage losses causing a serious pollution problem [82].
Dried citrus pulp added at the ensilage to low DM forages may increase its weight by 145% by absorbing excessive moisture thus preserving nutrients which otherwise would be lost by effluent and uncontrolled fermentation [83]. The DM, WSC and fermentation acids content of elephant grass silage was increased whilst pH was
reduced with the use 0%, 5%, 10%, 15%, and 20% of dried citrus pulp [81]. Levels up to 30% of dried ground
citrus pulp were added to a 75 days regrowth of elephant grass resulting in silages with a corresponding linear
increase of DM content (y = 0.49x + 24.0), a pH in a range from 3.49 to 3.68 and a linear decrease of ammonia-N [84]. Dried pulps such as sugar beet pulp and citrus pulp additives had a good results used as nutrients or
absorbents [7].
2.2.3. 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 [85].
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. According to [85] appropriate concentrations of different acids as silage additives are recommended as follows:
• sulphuric and hydrochloric acids: 50 - 80 litre of dilute acid (concentrated acid diluted with water at 1:5 v/v)
per tonne
• formic acid: about 3 kg/ton
• acetic acid: 5 - 20 kg/ton
• propionic acid: 1 litre/m2 of surface to prevent mould development.
1) Formic Acid and/or Formaldehyde Treatments
Commercial formic acid (85%) has been extensively used for the ensilage of unwilted 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 [69] with the production of young, high-protein, low WSC and DM elephant grass have
shown that a 0.8% rate of formic acid is needed for a reasonably good silage fermentation, while [86] found no
effectiveness based on silage composition when applying formic acid at various rates to unwilted 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 [70].
King grass (Pennisetum purpureum × Pennisetum typhoides) silage treated with formic acid (3.5 l/t) showed
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better fermentation quality than benzoic acid treated and untreated silages [87]. In a review by [59] on the use of
mineral or organic acids as well as of antimicrobials it is concluded that for the ensilage of tropical forages kind
of additive and application rate need to be determined specifically according to the type of forage.
Formalin (35% - 40% formaldehyde solution) has also been used as a silage preservative, especially aiming at
reduced protein degradation in the silo and thus increasing undegradable protein in the rumen of silage-fed animals. Formaldehyde restricts considerably fermentation of silage; 0.8% formalin (w/w fresh basis) almost sterilizes the ensiled mass of elephant grass and reduces digestibility of silage [69]. A doses of 0.5% formalin (w/w)
applied to a mixture of elephant grass with cassava tops (20.3% DM, 8.5% WSC) reduced ammonia-N and increased precipitable protein in silage, however without suppressing a clostridial fermentation [88]. Studies with
a 70% formalin plus 26% formic acid plus 4% water mixture applied 0.2% (w/w) to elephant grass (13% DM)
aiming at a rate of 4 g formaldehyde/100g crude protein in forage resulted in poor fermentation quality and impairment of nutritive value of silages produced. Accurate formaldehyde rates necessary to improve fermentation
in the silo as well as to obtain a protein protection effect in the rumen are difficult to achieve especially under
farm-scale conditions [89].
2) Propionic Acid
It is the short-chain fatty acids; propionic acid has the greatest antimycotic activity. It is weaker than formic
and mineral acids, but can be a useful additive for silages. Propionic acid is effective in reducing yeast and
molds which are responsible for aerobic deterioration in silages. The antimycotic effect of propionic 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 propionic 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 propionic acid additives has varied depending on moisture content of the forage, length of storage and
formulation with other preservatives. For example, Adding 30 - 40 lbs. propionic acid/wet ton of hay crop silage
increases its bunk life and reduces surface molding. Low DM silage needs more propionic acid than does drier
silage. On wilted silage, 30 lbs. propionic acid/ton significantly decreased aerobic spoilage, but 100 lbs./ton was
needed when the silage had 30% dry matter. For high moisture corn with a moisture content of 20% the application rate should be 0.1% and 0.5% for storage of 1 and 6 months, respectively, while it should be increased to
0.8% and 1.1% for 30% moisture of silage for the corresponding lengths of storage. Application rates of 1.5% to
2.0% for haylage and 2.0% to 2.5% for haylage with less than 30% of DM have been suggested. For corn silage,
propionic acid at usage rates of 0.2% to 0.5% have been shown to be effective [90]. Many current products that
are added to forage at ensiling for the purpose of improving aerobic stability contain several ingredients including benzoic acid, sorbic acid, and citric acid; however, propionic acid usually constitutes the greatest percentage
of the active ingredients. Recommended application rates of these products are relatively low (2 - 4 lb/ton of
fresh forage). Such low application rates usually do not affect silage fermentation but reduce the numbers of
spoilage yeasts and improve aerobic stability. In addition, several products have been designed to be added to
silages or TMR just prior to feeding to prevent heating and spoiling in the feed bunk. However, different research output suggests that controlling yeasts at the time of ensiling is more efficient than trying to control their
numbers and metabolism in the feed bunk.
Propionic acid is difficult to handle because it is corrosive. Thus, the acid salts, e.g., calcium, sodium and
ammonium propionate have been used in some commercial products. The efficacy of propionic acid and its salts
is closely related to their solubility in water. The stronger the bond is between the acid-base, the less soluble the
product is and thereby less effective in inhibiting fungi. Among these salts, ammonium propionate is most soluble in water (90%), followed by sodium propionate (25%) and calcium propionate (5%) [23].
3) Sodium Diacetate
This is mixture of acetic acid and its sodium salt. Recommended rate of application is 1 - 2 lbs. active ingredient/ton of wet silage. This compound produces results similar to propionic acid and is quite effective in reducing top spoilage. Adding sodium diacetate at the recommended rate to just the last few loads of forage going into
the silage is effective in reducing top spoilage. The same scheme will probably work for propionic acid products. In both cases, the top of the silage mass must be covered with plastic immediately after filling for the
compound to work. By just treating the last few loads, treatment costs are reduced considerably.
2.2.4. Nutrient Additives
1) Ammonia and Urea
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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 [91]; b) prolonged bunk life during
feeding (aerobic stability, [92]); c) less molding and heating during ensiling; and d) decreased protein degradation in the silo [93]. 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
undegradable protein requirements are balance for the target ruminant animal.
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 [56].
Addition of anhydrous ammonia or water-ammonia mixes initially buffers the plant material. For example, corn
forage may have a pH of 5.9 but treated corn forage will have a pH of about 8.5 to 9.0. When fermentation in the
silo is complete, corn silage treated with anhydrous ammonia usually is 0.1 - 0.2 units higher in pH, contains 0.5%
- 1.5% (DMB) more lactic acid, 0.5% - 1.5% more acetic acid, and less residual water soluble carbohydrates.
Forages treated with ammonia have also been shown to be higher in insoluble N and true protein [94] primarily
because ammonia reduces plant proteolysis. Although fermentation is generally stimulated by ammonia, the ensiling processes is prolonged because of ammonia buffering effect resulting in greater total acid production and
inconsistent effects on DM recovery. [95] reported that use of anhydrous ammonia had adverse effects on DM
recovery, particularly in high moisture sorghum silage.
Ammonia can be added at the chopper, blower, bagger or bunk. Mixed ammonia solutions are bulkier than
anhydrous ammonia but retention of ammonia is usually greater. In addition, molasses (to improve palatability
and fermentation) and minerals can be added in these solutions. Some ammonia will be lost (between 10% and
30%) and losses will be greater if ammonia is not applied properly and if forage becomes too dry. Ammonia
should be applied to the forage before it contacts the blower to minimize losses. Ammonia should be added at
the end nearest the cutter in a chopper with an auger system. If no auger is used, ammonia can be added behind
the cutter prior to entering the blower. Ammonia can also be spiked into bunks between loads and it will disperse into the mass. Application of anhydrous ammonia should be at approximately 6 to 7 lb of N per 700 lb of
forage DM. This will increase crude protein from about 8% to 12.5% on a dry matter basis. Excess ammonia (12
- 15 lb per ton) may result in poor fermentation (because of a prolonged buffering effect) and animal performance. Using the Cold-flo method is the simplest way to add ammonia to silage. Gaseous ammonia is super
cooled in a converter box and about 80-85% becomes liquid.
Anhydrous ammonia should not be added to corn forage if the DM content is above 40% - 42% because fermentation is restricted in drier material and binding of ammonia will be less; thus normal fermentation may be
disrupted. In instances where forage DM is above 40% - 42%, water-ammonia mixes or molasses-ammonia
mixes should be used. Application for molasses-ammonia mixes should be as recommended by the manufacturer.
Ammonia is a hazardous gas and should be handled with care. Eye protection should be worn when making
connections to pressurized tanks. Water should be available at all times. Ammonia is also corrosive to zinc,
copper and brass. Therefore storage of ammonia-treated forage in zinc coated steel silos is not recommended.
Addition of ammonia to corn silage has no effect on nitrate levels in corn silage [96]. Urea and ammonia can
improve the aerobic stability of silage [7] [97].
Such additives as particularly urea when added to high dry matter, low buffering forages (maize or sorghum
grain) increase crude protein content and are claimed to improve aerobic stability of silage at feedout. In a report
by [97] on the use of urea as a silage additive for elephant grass it was concluded that with low DM forage and
in the absence of additives rich in WSC such type of product should not be recommended when aiming an improvement of fermentation. Generally, pH value, ammonia-N and acetic and butyric acid contents are increased.
[98] registered the highest pH values and ammonia-N levels associated to higher anaerobic proteolytic bacterial
populations in Sorghum bicolor silages (34% DM) made with 0.5% urea. Other NPN sources as ammonium
sulfate and biuret, either alone or associated with urea, calcium carbonate or starch sources have also been tested
on their effects on silage fermentation, digestibility and intake. The results as reported by [86] do not favour
their use as silage additives either. According to [95] NPN always acts as a buffer during fermentation, requiring
extra lactic acid to be produced to lower the pH enough for preservation, thus increasing DM loss.
2) Minerals
Minerals such as calcium, phosphorous, sulfur and magnesium have been added to forage at the time of en-
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siling. 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 [66]. 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 unwilted control [88].

3. 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 propionic 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.
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