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_ PROCEEDINGS OF THE INTERNATIONAL SYMPOSIUM ON FORAGE QUALITY AND CONSERVATION

in fiber digestion via moderations of rumen pH and production
of ferulic acid esterase. Silage inoculants work best when applied
at correct application rates and when they are evenly distributed
through the forage mass. They are also more effective when the
management of the silage has been good.

Introduction

The primary goal of making silage is to maximize the preserva-
tion of original nutrients in the forage crop for feeding at a later
date. However, fermentation in the silo is a very uncontrolled proc-
ess can easily lead to less than optimal preservation of nutrients.
In order to assist in the fermentation process, various silage ad-
ditives have been used to improve the recovery of nutrients and
energy in silage, often with subsequent improvements in animal
performance. This review will focus on some practical aspects of
the fermentation process and the uses of microbial inoculants. For
a more in-depth review on all silage additives see the review by
Kung et al., 2003.

The ensiling process

From a practical view, the three most important things that
must occur in order to make good silage are 1) the rapid removal
of air, 2) the rapid production of lactic acid that results in a rapid
drop in pH, and 3) continued exclusion of air from the silage mass
during storage and feedout.

Rapid removal of air is important because it prevents the growth
of unwanted aerobic bacteria, yeasts, and molds that compete with
beneficial bacteria for substrate. If air is not removed quickly, high
temperatures and prolonged heating are commonly observed. Air
can be eliminated by wilting plant material to recommended dry
matters (DM) for the specific crop and storage structure, chopping
forage to a correct length, quick packing, good compacting, even
distribution of forage in the storage structure, and immediately
sealing the silo. After chopping, plant respiration continues for
several hours (and perhaps days if silage is poorly packed) and
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plant enzymes (e.g., proteases) are active until air is used up. Air
must be removed before optimal fermentation can take place.

Once air is removed, fermentation can begin. Lactic acid bac-
teria (LAB) utilize water-soluble carbohydrates to produce lactic
acid, the primary acid, responsible for increasing the acidity and
decreasing the pH in silage. The strength of silage acids can be de-
termined by measuring silage pH. A pH above 7 is considered ba-
sic whereas a pH below 7 is acidic. A pH of 7 is neutral and means
that a product is neither acidic nor basic. Depending on the crop,
plant material in the field can range from a pH of about 5 to 6 and
decrease to a pH of 3.6 to 4.5 after acid is produced. A quick reduc-
tion in silage pH will help to limit the breakdown of protein in the
silo by inactivating plant proteases. In addition, a rapid decrease
in pH will inhibit the growth of undesirable anaerobic microorgan-
isms such as enterobacteria and clostridia. Eventually, continued
production of lactic acid and a decrease in pH inhibits growth of
all bacteria.

In general, once fermentation is complete, good silage will re-
main stable and not change in composition or heat. This is why
filling silos quickly and sealing of silos immediately after filling
is so important. However, depending on the mixture of fermenta-
tion end products, silage can spoil rapidly if exposed to air during
storage and feed out. A common misconception is that molds are
responsible for spoilage of silage when it is exposed to air. How-
ever, yeasts (not molds) are the primary microorganisms that cause
aerobic spoilage and heating. When exposed to air, yeasts metabo-
lizes lactic acid that causes the pH of the silage to increase, thus al-
lowing bacteria that were inhibited by low pH to grow and further
spoil the mass. Airtight silos and removal of sufficient silage dur-
ing feed-out can help to prevent aerobic spoilage. Various silage
additives (which will be discussed later in this paper) can also im-
prove aerobic stability.

Although the ensiling process appears quite simple, many fac-
tors can affect what type of fermentation takes place in a silo and
thus, the mixture of end products (Figure 1). For example, the buff-
ering content of a forage mass can have an effect on silage fermen-
tation. Alfalfa has a high buffering capacity in comparison to corn.

9
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_ PROCEEDINGS OF THE INTERNATIONAL SYMPOSIUM ON FORAGE QUALITY AND CONSERVATION

Table 2. Predominant fermentation pathways in silage.

Theoretical DM | Theoretical energy

Type of
faneation End-products recovery recovery
- T O\D s e ﬂ\.n-
Homolactic (glucose) lacticacid | 100 99

lactic acid, ethanol,

Im,ma_mﬁ..m..nm_.cnommu ¢, 76 98
’ lactic acid, acetate,
.......... peterolactic (fuctose) 1 mannitol, CO, > L
Yeast (glucose) ethanol, CO, 51 99

Clostridia (glucose and lactate) | butyric acid, CO, 49 82

Homolactic acid bacteria

Because 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 (*"LAB)
in order to dominate the fermentation resulting in a higher quality
silage. Some of the more common homolactic acid bacteria (*LAB)
used in silage inoculants include Lactobacillus plantarum (note: this
organism is now officially classified as a heterolactic acid bacteria),
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 fermen-
tation. The rationale for multiple organisms comes from potential
synergistic actions. For example, growth rate is faster in enterococci
> pediococci > lactobacilli. Some pediococci strains are more tolerant of
high DM conditions than are lactobacilli 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). Table 3 lists several
common microbes that have been studied as silage inoculants.

Fermentation responses to homolactic acid bacteria

Alfalfa, grass, and small cereal grain crops have responded
well to microbial inoculation with LAB. The fermentation of high
moisture corn has also been improved with *"LAB. However, *"LAB
microbial inoculation of corn silage has resulted in less consistent
results. For example, I found 14 published (peer reviewed) stud-
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Table 3. Some of the more common bacteria used as silage inoculants and some
reasons for their use.

General reasons for Primary end

Organism Type of organism addition products

Lactic acid bacteria,
Lactobacillus traclitionally considered
plantarum homolactic but now
classified as heterolactic

Rapid production of
lactic acid Lactic acid
Relatively acid tolerant
Fapid production of
lactic acid
Faster growing than
lactobacilli
Some strains show
good growth at cooler
temperatures
Some strains have good
osmotolerance

Rapid production of
Lactic acid bacteria, lactic acid
Faster growing than
ctobacilli

Lactic acid bacteria,

i Lactic acid
homolactic

Pediococcus sp.

Enterococcus

- : Lactic acid
faecium homolactic

Production of antifungal | Propionic and

Propionibacterium sp. Propionibacteria

compounds acetic acids, CO,
Production of antifungal Lactic and
Lactobacillus Lactic acid bacteria, compounds acetic acids,
buchneri heterolactic Ferulic acid esterase for | propanediol,
improved fiber digestion €O,

ies in North America where corn silage was treated with a *LAB
microbial inoculant. Improvements in animal performance where
found in only 3 instances and changes in fermentation end prod-
ucts were small. However, Bolsen et al. (1992) reported that in 19
studies conducted at Kansas State University, with corn silage, si-
lages inoculated with ®LAB had 1.3 percentage units higher DM
recovery, supported 1.8% more efficient gains, and produced 1.64
kg more gain per ton of crop ensiled with beef cattle. Similar re-
sults were found with treated sorghum silages. In certain instanc-
es, significant animal responses have been observed with inocula-
tion although there was little effect on traditional end products of
fermentation (Gordon, 1989; Kung et al., 1993). These data suggest
that lack of detectable changes in classically measured fermenta-
tion end products is not a good indicator of the effectiveness of an
inoculant.
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_ PROCEEDINGS OF THE INTERNATIONAL SYMPOSIUM ON FORAGE QUALITY AND CONSERVATION

private label and numbers of bacteria may be low and/or other
additives (e.g., enzymes, fermentation extracts, minerals) are in-
cluded in the formulations.

Effects of homolactic acid bacteria on bunk life

Bunk life or aerobic stability improved in only 33% of the stud-
ies and in fact inoculation with *[LAB has, in many instances, made
aerobic stability worse (Muck and Kung, 1997). This is probably
due to a lower content of acetic acid and other potential antifun-
gal end products. This finding is extremely ironic because, many
producers buy microbial inoculants because they perceive an im-
provement in aerobic stability. The most recent thought from silage
researchers suggest that there needs to be a compromise in silage
fermentation end products such that recovery of nutrients in maxi-
mized that results in silages that are stable when exposed to air.

Propionibacteria

Several microorganisms that are not *LAB 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 anti-
fungal than lactic acid. Florez-Galaraza et al. (1985) reported that
addition of P. shermanii prevented the growth of molds and mark-
edly reduced the initial population of yeast in high moisture corn
where the final pH was greater than 4.5. Weinberg et al. (1995) 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. Similar-
ly, in 3 studies using laboratory silos, we (Kung et al., unpublished
data) did not observed beneficial effects of Propionibacteria in corn
silage (final pH 3.6 to 3.8). However, Bolsen et al. (1996) reported
more propionic acid, lower yeasts and molds, and greater aero-
bic 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 CO, produc-
tion) and the fact that Propionibacteria have proteolytic activity. The
primary reasons for the ineffectiveness of these organisms include
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the facts that they are strict anaerobes, they are slow growing, and
they are relatively acid intolerant.

Heterolactic lactobacilli

Contrary to past thinking, new research suggests that heterolac-
ticacid bacteria may also be useful as silage inoculants when aerobic
stability is a problem. Muck (1996) first suggested that Lactobacillus
buchneri could improve the aerobic stability of silage. Driehuis et al.
(1996) 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 (Oude-Elferink et al., 1999). In a
meta analysis, Kleinschmit and Kung (2006) reported significant
improvements in aerobic stability when silages were treated with
L. buchneri. Mari et al. (2009) collected samples from farm silos and
showed that corn silages treated with L. buchneri had greater popu-
lations of this organism, fewer yeasts and greater aerobic stability
over corn silages that had not been treated. Recently, Nsereko et al.
(2008) developed a strain of L. buchneri capable of producing feru-
lic acid esterase which when used as a silage inoculant has the po-
tential to improve fiber digestion in silages. However, digestion of
NDF was not been consistently improved in several studies (Kang
et al., 2009; Hofherr et al., 2008).

Inoculation rate, use, and storage of inoculants

The organism(s) from microbial inoculants must be present in
sufficient numbers to effectively dominate the fermentation. The
most commonly recommended inoculation rate for homolactic
acid based-inoculant results in a final concentration of 100,000 (or
1 X 10°) colony-forming units of this organism per gm of wet for-
age. 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.

Most microbial inoculants are available in powder or granu-
lar form. Inoculants 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 meter-
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In my opinion, the three major issues that are relevant in North
America for choosing an additive include a broad and extensive
data base (proving efficacy under a broad range of conditions,
crops, moistures, etc.) that 1) supports improvements in animal
production, 2) supports improvements in DM or nutrient recovery,
or 3) supports improved aerobic stability. Finally, choose an addji-
tive from a reputable company that stands behinds their products
and offers excellent technical service support.
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