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Alternatives for optimisation of rumen fermentation in ruminants
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Abstract. The proper knowledge on the variety of events occurring in the rumen makes possible their optimisation with respect to the complete feed conversion
and increasing the productive performance of ruminants. The inclusion of various dietary additives (supplements), biologically active substances, nutritional
antibiotics, probiotics, enzymatic preparations, plant extracts etc. has an effect on the intensity and specific pathway of fermentation, and thus, on the general
digestion and systemic metabolism. The optimisation of rumen digestion is a method with substantial potential for improving the efficiency of ruminant
husbandry, increasing of quality of their produce and health maintenance.
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Introduction
The digestion physiology of ruminants is determined by
anatomo-physiological features of forestomachs' structure and
function. Intensive microbial processes of degradation and
synthesis occur in forestomachs along with mechanical changes in
feed.The entire digestive tract of ruminants is inhabited by
microorganisms but a true symbiosis with the host is exhibited only
by the microflora colonising the forestomachs (Santra and Karim,
2003; Paul et al., 2010).
The rumen environment provides natural conditions for the
development of obligate and facultative anaerobes. There is
constant inflow of nutrients and fluids in the rumen. Under the
influence of rumen contractions, feed matter is continuously mixed
and undergoes mechanical changes. Apart these processes, the
undegraded and non-utilised feed ingredients, as well as a
substantial biomass of microbial and infusorian cells moves to the
more distal compartments of the digestive tract – the rumen, the
reticulum and the abomasum. The osmotic pressure in the rumen
environment is constant. Its temperature varies within the optimum
range for microbial life processes: 38-40 °С, rumen рН is about 6-7.
This parameter also varies within a narrow range due to the
neutralising effect of alkaline constituents of the saliva. The
absorption of volatile fatty acids (VFA) and ammonia resulting from
protein degradation, also contributes to the slight variations in rumen
pH.
The feed nutrients undergo a number of chemical, biochemical
and physical alterations in the rumen of ruminants where they are
converted into simpler compounds. Multiple research studies have
investigated the role of rumen ciliates on rumen digestion depending
on the age and morphological development of forestomachs in small
ruminants (Rusev et al., 1973; Petkov, 1982), feeding of rations with
various structure and type, supplemented with enzymatic
preparations (Sivkova, 2007), the supplementation of diets with
biotechnological products (Radev, 2000), rumen defaunation

etc.The effects of defaunation on the digestion in forestomachs and
the health was investigated in small ruminants by Enev (1994). The
end products of nutrients' degradation are utilised by
microorganisms for production of carbohydrates, proteins and other
organic compounds, which are subsequently degraded by digestive
juices in the abomasum and small intestine.
The aim of the present study is to review the available literature
on existing options for optimisation of fermentation in the rumen of
ruminants.
Degradation of the main groups of nutrients in fore
stomachs
Degradation of carbohydrates
Under the influence of extracellular enzymes of rumen bacteria
and infusorians, carbohydrates undergo complex changes to
simpler compounds, most notably monosaccharides.
Carbohydrates comprise 40-80% of the dry matter of plant
feeds. They are the main source of energy for herbivores.
Carbohydrates are divided into water-soluble – mono, di- and
polysaccharides including compounds as cellulose, hemicellulose,
starch and glycopolysaccharides (pectins), fructans etc. Each of
these compounds experiences complex changes, mainly to simple
sugars, in the forestomachs of ruminants under the influence of
rumen microbial enzymes. The simple sugars are converted into
VFA, alcohols and gases (carbon dioxide, hydrogen, methane). At
the same time, the end products of carbohydrate degradation are
used by bacteria and infusorians for synthesis and deposition of
complex carbohydrates and other compounds.
The degradation of polysaccharides by rumen microflora
occurs on several stages. First, simple sugars with a short carbon
chain are extracellularly produced. Then, intracellularly, the sugars
are further converted by hydrolysis or phosphorylation to
monosaccharides, and through pyruvate and phosphenolpyruvate
glycolysis – to VFA, methane etc. (Rusev et al., 1984).The
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degradation of crude fibres from cellular walls allows the utilisation of
the content of plant cells.
It is presumed that them mechanism of cellulose degradation in
the ruminant forestomachs consists in production of extracellular
cellulose by cellulolytic bacteria. Holotrichic ciliates are able to
attach to substrates containing soluble carbohydrates through
chemotaxis. Thus, they utilise the monosaccharides glucose,
fructose, galactose, some soluble oligomers and polysaccharides
containing one or several of these sugars (Orpin and Letcher,
1984).The extent of carbohydrate fermentation is influenced by the
concentration and the type of available substrate, and the factors
determining the rumen ecosystem environment.
Cellulose and hemicellulose are among the most important
ingredients of crude fibre. They are the principal components of plant
feeds - about 40-50%. Crude fibre make up the cellular walls and
thus their degradation allows for easier utilisation of cell content. The
mechanism of cellulose degradation in the forestomachs of
ruminants comprises production of extracellular cellulase of
cellulolytic bacteria, which gradually degrades cellulose. The
enzyme is β 1-4 glucosidase. Its activity results in production of
cellobiose, which, via phosphorylation, is converted to glucose. The
glucose in rumen content is degraded very rapidly and its level is
usually low. The degree of in vitro uptake of glucose by Dasytricha
ruminantum is approximately 20 µmol/mg cell protein, while the
uptake of glucose by Isotricha spp. is twice higher (Yarlett et аl.,
1981).
The digestibility of cellulose in the rumen depends on the
number of factors, the most important among which are the type of
feeds, the size and activity of rumen bacterial and ciliate populations.
In general, cellulose digestibility ranges from 30 to 80%. As a result
from the growth and metabolic activity of rumen microflora,
polysaccharides and oligosaccharides in plant feeds are converted
to monosaccharides – mainly glucose. Then, monosaccharides
undergo intracellular degradation to many simpler products. Most
important for the energy metabolism of ruminants are the volatile
fatty acids (VFA). The largest formed VFA amounts are those of the
acetic (C2), propionic (C3), butyric (C4) and valeric (C5) acids. The
amounts of the isobutyric (C4i) and isovaleric (C5i) acids are lower.
Apart them, some higher fatty acids, alcohols, carbon dioxide,
methane, hydrogen etc. are produced. These end products are
produced by a chain of reactions with primary roles of pyruvate and
nicotinamine adenine dinucleotide (NAD). The amounts of fatty
acids produced in the forestomachs of ruminants depends on
several factors – diet type, feed ratios, preliminary technological
processing (Sivkova, 2007). Other factors are the age of animals,
the size and activity of rumen microbial populations (Enev, 1994),
supplementation with nutritional preparations: bioproducts (Radev,
1999), exogenous enzyme preparations (Sivkova, 2007) and other
factors. Some rumen content parameters, e.g. rumen pH, osmotic
pressure, carbohydrate level, also have an effect on the total VFA
amount (Sutton,1981).
Degradation of proteins
Protein metabolism in forestomachs of ruminants consists in
two primary interrelated processes. The first is dietary protein
degradation by extracellular microbial enzymes. The second is
microbial protein synthesis by the rumen microflora in the course of
their replication in the rumen environment. In the forestomachs of
ruminants, especially in the rumen, both dietary and endogenous
proteins undergo complex microbiological and chemical changes.
Proteins are degraded to peptides, amino acids and ammonia. VFA,
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CO2 etc. are also produced. The extent of feed protein degradation
depends on the rate of hydrolysis, duration of the stay and feed mass
evacuation rate to the more distal digestive compartments. The
rumen content pH has a significant influence on proteolytic activity
(Bach et al., 2005). According to Jagos (1984), when rumen fluid рН
is about 6.5, ammonia concentration is optimum from the point of
view of fermentation. In the rumen, feed proteins are attacked by
bacteria and ciliates. The ciliates are able to ingest bacteria and due
to the consequent proteolysis, ammonia concentrations in the
rumen fluid increase. Ciliates are not capable to utilise efficiently the
degraded protein. Only half of bacterial nitrogen is contained in
infusorian cells. The rest of the nitrogen returns back into the rumen
wall under the form of amino acids which are further hydrolysed to
ammonia (Konechnii, 1985).
It is established that protein hydrolysis in the rumen occurs in
two stages. Initially, feed proteins are degraded to form relatively
large protein molecules of not less than 2 amino acids. Polypeptides
are then degraded to amino acids and ultimately, to ammonia
(Wallace et al., 1990).
The extent of proteolysis in the forestomachs depends on ration
structure, protein solubility, the amount of available nitrogen and
energy for microorganisms etc. One part of nitrogen needs of rumen
microflora could be met by the liver-rumen urea recycling. Protein
metabolism results from the metabolic activity of rumen microflora.
Protein structure is a key factor for the activity of microbial proteases.
The proteolytic activity in the rumen varies with the type of the fed
diet (Siddons and Paradine, 1982; Hvelplund, 1991). Bacterial
activity is determined by the type and solubility of proteins (Bach et
al., 2005; Calsamiglia et al., 2010). The options and ways for
modification of rumen protein metabolism, in the view of Wallace
(1991), are not adequately understood.
Ammonia is the primary metabolite of proteins and non-protein
nitrogen compounds, product of rumen microflora activity (Broderik
et al., 1991). Every type of feed is characterised with specific level
and rate of ammonia production. The ammonia concentration in the
rumen content depends not only on dietary protein quality, but also
on the extent of their solubility. The protein that is not fully degraded
in forestomachs, could be absorbed in small intestine as free amino
acids and peptides. They could be either used directly by the
ruminant organism or undergoes deamination to urea in the liver.
According to Bohnert et al. (2002а), when ammonia level in
forestomachs is low, the nitrogen recycling through the gut
increased while nitrogen elimination with urine is reduced.
Degradation of fats
Feeding traditional rations results in hydrolysis of over 85% of
dietary fat (Doreau et al., 1997). According to Beam et al. (2000), a
number of factors influence the extent of hydrolysis. Increased
dietary fat in feeds reduces the hydrolysis extent. Low pH and the
supplementation with ionophore antibiotics which suppress the
activity and growth of bacteria and ciliates, also reduce the level of
fat hydrolysis (Enev, 1994; Slavov, 2013). The breakdown of double
bonds of unsaturated fatty acids and their saturation with hydrogen
is another substantial change in dietary fat occurring in the
forestomachs of ruminants. This process is known as fat
biohydrogenation and occurs with the participation of ruminal
microflora (Lundy et al., 2004). A prerequisite for biohydrogenation
is the preliminary hydrolysis of fats. The biohydrogenation occurs
only when fatty acids have an available free carboxylic group. That is
why, biohydrogenation of esterified and non-esterified fatty acids is
different (Harfoot and Hazlewood, 1997).

The extent of fat biohydrogenation in forestomachs depends on
their form in feeds, diet formulation and other factors (Noble, 1984).
The extent of hydrogenation of linoleic and linolenic acids in most
rations ranged within 70-95% and up to 85-100% (Beam et al.,
2000). When ruminants are fed high-concentrate rations, the high
biohydrogenation level decline resulting in inhibition of lipolysis by
the low pH (Van Nevel and Demeyer, 1996b). Hydrogenation is also
adversely influences when rations contain unprotected lipids. Main
intermediate compounds of biohydrogenation are trans-11 18:1
(vaccenic acid). It is produced by linoleic and linolenic acids and from
cis-9, trans-11 conjugated linoleic acid formed during the
biohydrogenation of linolenic acid. These intermediate metabolites
are in a ratio of 3:1, but in the rumen, conjugated linoleic acid is only
a transient metabolite (Lock and Bauman, 2003).

matter digestion when a diet made mainly of roughages is
supplemented with starch. Cereal feeds contain between 40 and
60% starch. According to Jouany et al. (2000) The general amylolytic
activity in the rumen increases when added starch comprises more
than 40% of dry matter.
The maximum productive performance of animals in modern
intensive livestock production systems is achieved by feeding highenergy diets. Feeding diets with high cereal percentage results in pH
reduction. A subsequent effect is alteration in microbial populations –
decrease in cellulolytic bacterial counts and increase in amylolytic
microbial counts. As a result, the level of rumen fermentation is high,
posing a risk of acidosis (Jouany et al., 2000).

Options for modification of digestive processes in the fore
stomachs of ruminants

By the end of the last century, production performance in
ruminants was promoted with the so-called nutritional antibiotics.
These comprise antibiotics and other chemical products of
pharmaceutical and chemical industry. Ionophore antibiotics have a
specific effect on rumen populations. They changes the ratio of
rumen microbial populations and indirectly, influence the systemic
metabolism of ruminants. Applied at a subtherapeutic dose, they
maintain the equilibrium in the digestive tract in favour of nonpathogenic microflora (Rowe et al., 1983). By the end of the 1990s,
the use of ionophore antibiotics in EC countries was banned. It was
established that their effect was cumulative. Antibiotics were
accumulated in the body of animals and reach people through the
consumer chain. It was also confirmed that they induced
antimicrobial drug resistance. By reason of all these facts,
alternatives were sought. It was demonstrated that efficient
substitutes of ionophore antibiotics are biotechnological products,
probiotics, prebiotics, synbiotics, preparations on the basis of live
non-pathogenic microorganisms – yeasts, bacteria and fungi/ These
microorganisms were shown to colonise successively the
forestomachs and the other gut compartments of ruminants and
through their metabolic activity, have a positive effect on their
metabolism and health. In polygastric animals (experiments with
cows, sheep and lambs), the most numerous microbial rumen
populations comprised bacteria degrading complex carbohydrates Fibrobacter, Ruminococcus, Butyrivibrio and Bacteroides along with
primary groups as Prevotella, Selenomonas, Streptococcus,
Lactobacillus and Megasphaera. Some anaerobic fungi and ciliates
are also found in the rumen, as well as a large variety of
methanogenic bacteria (Mackie et al., 2000).
According to Williams and Newbold (1990) products on the
basis of Saccharomyces cerevisiae and Aspergilus orizae could be
successfully used for stimulation of rumen microflora activity without
negative effect on the catabolic ruminal events. Ruminal
microorganisms were confirmed to be beneficial for the meat and
milk production of ruminants. The inclusion of yeasts as dietary
supplement had a substantial effect on rumen fermentation as at
moderate doses, they influenced positively the vitality of ruminal
microflora. The yeasts are unicellular fungi. Their cellular wall is
composed of 30% glucans, 30% mannan, 7% protein, 10% fat and
other constituents. The cellular wall contains also different enzymes,
the most important among which is invertase. As a source of energy,
the yeasts utilise sugars, organic acids and higher alcohols.
Nitrogen is obtained from both organic and inorganic sources. The
yeast-mediated breakdown of sugars is oxidative. They have a
78.64% general digestibility and contain 13.119 MJ/kg
metabolisable energy. The in vitro yeast protein digestibility attains
78%, and metabolisable energy is estimated at 13.15 MJ/kg,

According to Demeyer et al. (1981) rumen metabolism is
characterised with relatively stable fermentation model,
characterised with the following main parameters:
- total VFA production;
- molar ratio of the different VFA,
- ratio between fermented organic matter and methane
production;
- level of anaerobic catabolic processes;
- size of bacterial and ciliate populations;
- produced amount of microbial and ciliate protein.
The modification of rumen fermentation could be realised
through maximisation or minimisation of biochemical events in
forestomachs. The intervention is successful when the processes
are discussed and managed using an integrative approach, as they
are a constant and essential part of systemic metabolism in
ruminants' body. Every intervention could lead to specific long-term
consequences and a chain of interrelated effects (Harison and Mc
Allan, 1988).
This aspect of digestion in the forestomachs of ruminants is
flexible and suitable for management and optimisation through:
- diet structure
- biotechnological products and probiotics
- enzymatic preparations
- dietary protein
- dietary fat
Effect of diet structure
The composition and structure of the diet are essential for the
enzymatic activity and development of microbial populations in
rumen content. The complex interpopulational and inter-species
interactions established among different bacterial general, among
bacteria, ciliates and fungi, are strongly influenced by the type and
amount of dietary carbohydrates. Feeding rations composed by
voluminous feeds and roughages, cellulolytic bacteria and
predominant, while selenomonads, streptococci and lactobacilli
dominated over the other microbial species in high-concentrated
diets (Dehority and Orpin, 1988). The extent of utilisation of lowquality voluminous feeds and roughages depends on the cellulolytic
activity of rumen bacteria (Bohnert et al., 2002b). When ruminants
are fed a high-concentrate diet, the proportion of propionates formed
in the rumen increases while the ciliate counts are reduced (Warner,
1966). The reduction in рН, observed in this type of feeding, has an
adverse effect on the development and activity of ciliate colonies. It
is believed that ciliates have a stronger positive effect on organic
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(Krishna et al., 1991).
Cole et al. (1992) investigated the effect of dietary yeast
supplementation in lambs and calves at a dose of 0.75% on
transportation stress and the subsequent recovery. It was found out
that the presence of yeast colonies in the digestive tract did not have
a considerable effect on their health, but influenced the metabolism
of nitrogen, iron and zinc. The inclusion of yeasts together with
lactobacilli (Lactobacilus celobiosus CCM-400) at a dose of 0.5 g
resulted in increased number of colonies of pectinolytic, amylolytic,
xylanolytic and enteric bacteria in sheep forestomachs. At the same
time, rumen pH increased without changes in VFA levels (Zonrcova
et al., 1992). According to Dawson et al. (1990) the metabolic activity
of Saccharomyces cerevisiae in the rumen of ruminants is low. They
do not take directly part in the digestion, and the effect of their
application is duet o their ability to stimulate the development of the
obligate rumen microflora.
One of the most popular preparations at a global scale is the
probiotic Yea-Sacc 1026. The probiotic is a natural bioactive feed
supplement and one of the leading products of the manufacturer.
The inclusion of Yea-Sacc 1026 in the ration of dairy cows lead to
increased rumen pH, reduction of lactic acid and ammonia in the
rumen content. The level and direction of fermentation processes
depend on the type of diet that is supplemented with Yea-Sacc 1026
and the proportion of concentrate in int. The addition of 10 g of the
probiotic per capita daily has resulted in increased total amount of
produced milk, increased amount of milk protein and fat (Gombos et
al., 1995). The experiments of Williams (1989) investigated the
effect of Yea-Sacc 1026, supplemented to the ration of calves and
dairy cows. According to the results, the addition of Yea-Sacc 1026
increased milk protein and altered the rumen metabolism of
supplemented animals. The protein in duodenal chyme and the total
cellulolytic bacterial counts in the rumen increased. According to the
author, the effects of the probiotic on carbohydrate and mineral
metabolism and microbial protein production are still disputable.
Effect of enzyme preparations
The rationale of including synthetic enzymes in rations is to
assist in the digestion of nutrients and their more efficient utilisation.
The global animal feed production industry has responded to this
trend with production of preparations with mono- or multienzymatic
activity. Commercial products intended for use in ruminants are a
complex of enzymes, most commonly with fibrolytic (cellulase,
xylanase) and at a lesser extent, with proteolytic (protease,
peptidase) primary activity. The goal for the supplementation of diets
with these products is the more efficient breakdown of the main
structural polysaccharides in roughages.
Multienzymatic preparations for ruminants' diets are produced
with several microbial species with proven effect and metabolic
activity. Most commonly, these are the 4 bacterial species Bacillus
subtilis, Lactobacilus acidophilus, Lactobacilus plantarum and
Streptococcus faecium and the fungi Aspergillus oryse,
Trichoderma reesei and Saccharomyces cerevisiae (Muirhead,
1996). The efficiency of enzymatic preparations varies depending
on the growth substrate and environmental conditions (Lee et al.,
2004). So far, a considerable number of experiments are reported in
the world literature. They allow concluding that the mechanism of
action of enzyme preparations was mostly dependent on the
structure of rations and other physiological and technological factors
(Hatfield, 1993; McAllister et al., 2000). The addition of enzymes to
the rations entails structural changes which make it more
susceptible to breakdown by the rumen microflora (Nserеko et al.,
94

1999). The mechanism of action of enzyme preparations is not yet
clear including whether the effect of enzyme supplementation is
realised before feed intake, in the rumen or there are post-ruminal
effects.
The changes occurring after inclusion of exogenous enzymes
to ruminant diets are not resulting from a single effect, but are rather
a combination of a pre- and post-feeding mechanisms (Colombatto
et al., 2003a; Sarnklong et al., 2010). McAllister et al. (2001)
discussed that each of these pathways was important and that the
enzyme-provoked degradation of feed ingredients before its
consumption probably entailed respective consecutive events in the
rumen and the gut. The pre-consumption effect of exogenous
enzymes was probably due to release of soluble carbohydrates and
complexes, or removal of structural barriers impeding the microbial
breakdown of substrates in forestomachs. In the rumen, exogenous
enzymes could act directly on nutrients or could stimulate indirectly
the digestive activity through a synergic effect on available
microflora. Supplemented enzymes remained active also in the
more distal alimentary tract compartments (McAllister et al., 2001),
where they could induce post-ruminal breakdown of fibres or indirect
improvement of nutrients absorption through reduction of intestinal
chyme viscosity. The way exogenous enzymes influence the rumen
fermentation and consecutive effects of nutrients' metabolism in
ruminants is extremely complex and unpredictable, that is why
today, the research in this field is continuously evolving.
Effect of dietary protein
The extent of proteolytic activity of ruminal microflora varies
within a wide range. It depends on numerous factors as the ration's
composition, the size of proteolytic bacterial colonies, the complex
interpopulation interactions with other species, the presence and
dietary level of easily digestive protein etc. In most cases, bacterial
proteolytic enzymes are intracellular,. They are locked inside the
cellular walls and are release after bacterial cell breakdown. An
insignificant part of enzymes (10-30%) is release in the environment
inhabited by microorganisms. Ivan et al. (2004) concluded that the
inclusion of sunflower seed in high-concentrate diets reduced rumen
fauna and as a result, dietary protein was preserved and feed
digestion – was improved. In cows, Bargo et al. (2001) found out
that the increased level of sunflower meal in the diet increased the
amount of ruminally undegraded protein. Having studied the effect of
different dietary nitrogen sources, Ahmed and Abdalla (2005) did not
observe any changes in pH and VFA after feeding ruminants with
rations containing sunflower meal.
The studies on the possibilities for influencing protein
degradation in the rumen date back to the middle of the 20th century
(Mills et al., 1944; Belasco, 1956). The authors have studied the
effect of carbohydrates and fermentation type on the possibility of
utilisation of non-protein nitrogen (urea) as a protein source in the
rations of cattle. Later research has investigated the effect of nonprotein nitrogen compounds after adding carbohydrates for
improvement of ammonia utilisation through management of rumen
microbial fermentation (Chamberlain et al., 1985; Rooke et al., 1987;
Oh et al., 1999). In 1966, Virtanen established an important fact that
has given a new focus in studies on rumen digestion – ruminants
were shown to be able to convert non-protein nitrogen into milk
protein.
As non-protein nitrogen compounds are relatively inexpensive
compared to some feeds as meals, they are a suitable alternative to
the natural plant protein. From non-protein nitrogen compounds,
urea is most commonly used in diet formulation for ruminants. Urea

is easily dissolved in water and rapidly hydrolysed to ammonia and
СО2 in the rumen. The rapid release of ammonia from urea in the
rumen, poor dietary nitrogen utilisation from high-urea rations and
the potential risk from intoxication are the factors limiting the use of
urea in ruminant nutrition (Bohnert et al., 2002b). Apart urea, other
alternatives of dietary plant proteins are ammonium sulfate,
ammonium phosphate, ammonium lactate, biuret etc. Biuret is not
water-soluble and its degradation rate is slower than that of urea.
The hydrolysis of biuret to ammonia is lower that that of urea (Currier
et al., 2004c). In order to increase the amount of synthesised protein
through guided energy protein rumen fermentation, the provision of
supplemental energy for a specific ration is a prerequisite. The
second purpose should be the provision of a definite amount of
protein needed for the total amount of energy that is expected to be
released in the rumen over 24 hours. Bacterial protein is produced
under optimum conditions. For efficient utilisation of urea nitrogen,
the diet should contain not less than 1 kg easily fermentable
carbohydrates (e.g. starch) per 100 g urea. One of the important
problems of using synthetic nitrogen compounds in ruminant
nutrition is the creation of conditions for a relatively slow hydrolysis of
proteins in forestomachs. The dynamic equilibrium between
ammonia release and ammonia nitrogen utilisation of rumen
bacteria should be maintained within the optimal range.
Effect of dietary fat
The effect of fat supplementation on fermentation is largely
dependent on the type of added fat and its dietary level (Onetti et al.,
2001). The inclusion of 4% fat in the rations of lactating cows
according to the authors had no effect on rumen pH and total VFA
amount. The acetic/propionic acid ratio, ammonia and protozoa
counts in the rumen were significantly lower In experiments with
sheep, Cwiek and Borowiec (2005) established no positive effect
from dietary fat supplementation on rumen fermentation and
nutrients' digestibility. The use of sunflower seed as additive to highconcentrate rations for ruminants reduces rumen microflora and as a
result, decreased the need for protein supplementation and
increased digestibility of feeds (Ivan et al., 2004).
Salehpour and Amanlou (2007) have investigated the effect of
whole cotton seed as a source of crude fibre in the diets of lactating
cows. The supplement, according to the authors, had no effect on
ruminal and faecal pH of experimental animals. The adverse effect
on rumen fermentation of fat supplemented to ruminant diets was
mainly attributed to the unsaturated oleic acid (С18:1) and partly on
palmitic acid (16:0). The importance of the degree of unsaturation of
fatty acids and the length of their carbon chain is confirmed by the
studies of Jenkins (1987).
In vitro experiments performed by Zhang et al. (2008) have
demonstrated the effect of С18 fatty acids – according to the
authors, they exerted an insignificant effect on рН, Ammonia
nitrogen amount and the total volatile fatty acids amount. The
addition of these unsaturated fatty acids inhibited the growth of some
cellulolytic bacteria and fungi, including F. succinogenes and R.
flavefaciens. The effect of unsaturated С18 fatty acids comprised
inhibition of methanogenesis, probably related to its direct effect on
rumen microflora, which is associated to methane formation.

Conclusion
The digestion in the forestomachs of ruminants are an

important stage of their systemic metabolism. The dietary
carbohydrate, protein and fat breakdown begins in the complex
stomach to yield intermediate and end products as VFA, carbon
dioxide, methane, amino acids, ammonia, nitrogen, glycerol, fatty
acids, gases etc. which are included in metabolic pathways of
nutrients and energy metabolism.The forestomachs environment is
inhabited by multiple and various microbial colonies – ciliates,
bacteria, fungi, yeasts etc. whose living activity is relevant for
ruminant digestion in general. The presence of microflora is a classic
example for symbiosis in nature. The extracellular enzymes
produced by microorganisms start to degrade the complex
carbohydrates from feeds, dietary protein and fat. At the same time,
during their development and replication, the microflora produces
microbial protein and fat of different composition and quality. The
intricate interpopulation interactions both within and among the
microbial species, their growth, replication, metabolic activity and
end products of their life activity have been investigated for many
decades. The knowledge of the complex physiological, biochemical
and physical events occurring in the forestomachs of ruminants
enables their guiding and modification with respect to the more
efficient breakdown of nutrients and their optimum utilisation by
ruminants. The advances in microbiology, physiology, animal
nutrition and biotechnologies permit the future quest for new and
modern means of digestion manipulation aimed at more balanced
nutrition and improved performance of ruminants.
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