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In over three decades the increasing trend on the use of feed additives gained momentum
owing to a ban on antibiotic growth promoters. Total Mixed Rations form the main feed
source for ruminants which are rich in fibrous portion and cannot be hydrolyzed by the
endogenous enzymes and hence should depend on either the enzymes secreted by the
rumen microbes or must be supplied externally as Exogenous Fibrolytic Enzymes (EFE).
The ultimate function of these EFE is to supply maximum nutrients from the digestible,
potentially digestible and the indigestible fractions of the cell walls. However the action of
these enzymes differ from source to source, mode of application, dosage, type of substrate
and other factors. Use of EFE is gaining importance as these improve the nutrient
digestibility and performance without affecting the animal health. Wide knowledge on
rumen eco system, biotechnology, plenty availability of EFE at cheaper rates, knowing the
enzyme assay methods for assessing their activity also are the contributing factors for the
wide usage of EFE. Addition of EFE can also be a crucial component in reducing the
production of methane which is considered as a greenhouse gas. It was reported that the
more productive the animal, the less is the greenhouse gas emission. But in tropical
countries where most of the feed is from fibrous resources, addition of EFE is crucial since
the production of methane and carbon dioxide is maximum with low yielding animals.
However the function of EFE varies with various factors and various contradicting results
were reported. These inconsistent results indicate that further studies need to be undertaken
to demonstrate the effects of EFE on greenhouse gas emissions and microbial protein
synthesis.

Introduction

There is a major difference between the
monogastric animals and the ruminants with
respect to mode of digestion, metabolic
pathways of the absorbed nutrients and the
end products of the metabolism. Cellulose,
hemi-cellulose, starch, fructans and pectin
form the major source of carbohydrates in
ruminants. Cellulose is practically indigestible
by the ordinary digestive enzymes produced
by the GI tract. Hence this is broken down by

the micro-organisms. The end products of
carbohydrate digestion in the ruminants
include acetic acid, butyric acid and propionic
acid. Along with these, some branched chain
fatty acids like formic acid, valeric acid, iso
valeric acid, isobutyric acid, 2-methyl butyric
acid and caproic acid are produced in the
rumen from the branched chain amino acids
via oxidative deamination and oxidative
decarboxylation.
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The primary difference between ruminants
and non-ruminants is that ruminants' stomachs
have four compartments: the rumen,
reticulum, omasum, and abomasum. In the
first two chambers, the food is mixed
with saliva and separates into layers of solid
and liquid material. Solids clump together to
form the cud or bolus.

Source of feed for ruminants

Forages form the major supplier of feed for
ruminants which consists of cellulose as the
main component and is also the most
abundant biopolymer on earth. Cellulose is
made up of the beta [1-4] glycosidic bond
which cannot be hydrolyzed by the enzymes
secreted by ruminants.

Structure of cell walls

Plants do not have a skeleton to support
themselves and so the cells are bound together
by bonds. Plant cell walls are composed of
cellulose (35-50%), hemi cellulose (20-35%)
and lignin (10-15%) and the lignifications
varies as the age of the plant advances.
(Paloheimo et al., 2010). Vertebrates lack the
ability to hydrolyse the beta [1-4] glycosidic
bond of plant cellulose due to the lack of the
enzyme cellulase. Thus, ruminants must
completely depend on the microbial flora,
present in the rumen or hindgut, to digest
cellulose. Digestion of food in the rumen is
primarily carried out by the rumen microflora,
which contains dense populations of several
species of bacteria, protozoa, sometimes
yeasts and other fungi. One ml of rumen is
estimated to contain 10-50 billion bacteria
and 1 million protozoa, as well as several
yeasts and fungi.

Since the environment inside a rumen
is anaerobic, most of these microbial species
are obligate or facultative anaerobes that can
decompose complex plant material, such as

cellulose, hemicellulose, starch and proteins.
The hydrolysis of cellulose results in sugars,
which are further fermented to acetate,
lactate, propionate, butyrate, carbon dioxide,
and methane.

Improving the nutritive value of forages in
olden days

Previously the digestibility of forages or crop
residues was improved by the addition of
caustic soda or caustic potash which were
corrosive and obviously not gained
popularity. In tropical countries like India,
usage of forages rich in fibre has become
mandatory as these are abundantly available
and there is a shortage of green fodder. Under
these conditions, search for other alternate
feed additives which improve the forage
nutrient utilization gained popularity and one
of this is use of (EFE) exogenous fibrolytic
enzymes.

History of the use of EFE in ruminants

Fibrolytic enzymes containing cellulase, B-
glucanse, xylanase were initially used in
poultry and swine diets which contain low
levels of starch and higher levels of fibre in
the form of non-starch polysaccharides (NSP)
and resistant starch (Sauvant et al., 2004).
Their inclusion in the diets at higher levels
lead to the reduced performance in the growth
of the animals due to the increased digesta
viscosity, increased endogenous nutrient
losses and reduced feed intake (Owusu et al.,
2006). Further, NSP are not hydrolyzed by
digestive enzymes secreted by monogastric
animals (Barrera et al., 2003). The fibre
matrix and nutrients entrapped in fibre usually
bypass digestion limiting the nutrient
digestion and absorption (Sauvant et al.,
2004). They also reduce protein digestion by
entrapping amino acids which make them
unavailable for the digestion and absorption
(Jinetal., 1994).
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Negative effects of fibre on nutrient digestion
can be reduced by supplementation of
multienzyme in diets such as xylanase, [-
glucanase and cellulase (Degen et al.,
2007).These enzymes partially hydrolyze
NSP and thereby increase nutrient
digestibility (Barrera et al., 2003; Nortey et
al., 2007). Supplementation of multienzyme
in proper combination and proportion play an
important role in efficient and effective
nutrient utilization of diets containing high
fibre (Zijlstra et al., 2010). But now since
most of the feeds are formulated under Total
Mixed Ration (TMR), there is every need to
improve the fibre forage digestibility. Under
usual condition, the fibre especially Neutral
Detergent Fibre (NDF) digestibility is not
more than 50 percent unlike as seen during
grain feeding in ruminants (Beauchemin et
al., 2001). Usage of grains in the diets of
ruminants is expensive. Obviously emphasis
should be given to reduce the cost of
production in terms of either milk or mutton.
Here there is a need for the intervention of the
EFE to reduce the cost of production by using
the fibrous feeds in TMR (Barrera et al.,
2003). It was reported by many workers that
the addition of EFE to the TMR (Rodrigues et
al., 2008; Wang et al., 2012; Salem et al.,
2013) improved the digestibility of Dry
matter (DM), NDF and Acid Detergent Fibre
(ADF) thereby improving the productivity
and feed conversion efficiency.

Mode of action of EFE

The EFE are most effective when applied in
liquid form rather than in solid form prior to
ingestion (Kung et al.,, 2002). This EFE
weakens cell wall barriers that hinder
microbial digestion in the rumen. EFE
releases reducing sugars when added to the
forages which arise from the partial
solubilization of NDF and ADF even before
feeding to the animals. After entering the
rumen the feed particle releases more

available carbohydrates and helps in
enhancing the rapid microbial attachment
(Yang et al., 2000). Pre-treatment of dry feeds
with enzyme applied in liquid form creates a
stable feed-enzyme complex even before
entering the rumen similar to the findings
reported by (Beauchemin et al., 2004).

It was postulated that the activity of the EFE
is more in the rumen as compared to outside
and the reasons are attributed to that the
outside temperature, conditions of p H and the
contact substrate are not conducive for
enzyme activity whereas this activity is more
pronounced inside the rumen due to the
following factors — there exists a synergism
between various enzymes that are produced in
the rumen with EFE and there is a possibility
for more EFE activity in the rumen.

Yang et al., (2011) reported higher apparent
DM digestibility during in vitro studies with
alfalfa hay when a combination of two
enzymatic products were added.

However the enzymes’ actions differ from
source to source of their supply. We know
that the fibrolytic enzymes like those released
from fungal origin (Trichoderma
longibrachiatum, Asperigillus niger,
Asperigillus oryzae) and those released from
bacterial origin (Bacillus sps., Penicillium
funiculosum) have cellulolytic and hemi
cellulolytic enzyme activity

The factor of higher dosage of enzyme has
shown significant effect (Reddish et al., 2007)
in improving the performance since the
feed/substrate attachment sites for enzymes
and in turn rumen microbes have increased
proportionately.

Research work carried out

Suryanarayana and Ramana (2016) have
reported that addition of EFE in solubulized
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form was found better for the reason that it
forms a stable complex with the feed and thus
facilitates for the rumen bacterial attachment
earlier for rapid action. EFE also releases
soluble sugars from cell wall components and
aids in increasing the rumen bacterial
population especially fibrolytic bacteria
reducing the lag time required for bacterial
colonization  for their action. They
demonstrated that the higher dosage of EFE
caused higher production.

It was demonstrated that addition of EFE
causes partial solubulization of cell wall
components releasing reducing sugars which
acts as a ready source of energy for the
microbes (Mc Allister et al., 2001) thereby,
their rapid multiplication.

This leads to the shortening of the lag time
needed for the microbial colonization with an
increase in microbial attachment
(Beauchemin et al., 2004).

It was also reported that the release of soluble
sugars by EFE increases the production of
glycocalyx by bacteria which facilitates the
adhesion between bacteria themselves and
between bacteria and substrate.

It was also reported (Chakeredza et al.,2002;
Bala et al., 2009) that the addition of EFE was
able to free the trapped nutrients in the cell
wall network of roughages increasing the
fermentative end products (Pinor et al., 2002)
due to a change in ration of microbial bio
mass and the digestible energy in the rumen

Nsereko et al., (2002) has reported that EFE
in general indirectly increased the attachment
of cellobiose and glucose utilizing bacteria
along with the number in the rumen. Giraldo
et al., (2008) reported that addition of EFE to
the diets increased the rumen fibrolytic
activity and this would be a probable reason
for an increased performance. The factor of

higher dosage of enzyme has shown
significant effect (Reddish et al., 2008) since
the feed/substrate attachment sites for
enzymes and in turn rumen microbes have
increased proportionately.

It was reported that the EFE hydrolyze feed in
the rumen either alone or by a synergism with
rumen microbes (Mc Allister et al., 2001).

However the rapidity in action of these EFE
depends on the rumen p H. When there is
more grain feeding increasing the rumen
acidosis, the action of EFE decreases and the
vice-versa during high rumen pH conditions
(Beauchemin et al., 2004).

It was also reported that the attachment of
microbes will be more for fibre particles and
also that the number of cellobiose and glucose
utilizing bacteria would be increased
(Nsereko et al., 2002).

Giraldo et al., (2008) reported that addition of
EFE increases the Microbial Protein synthesis
which is justified that the EFE can release
reducing sugars randomly which act as a
ready source of available energy and
promotes rapid multiplication of the microbes
(Mc Allister et al.,2001).

The presence of soluble sugars will be able to
supply the available carbohydrates to shorten
the lag time required for the microbial
colonization and also for rapid microbial
attachment (Beauchemin et al., 2003).

It was reported that the EFE acts synergically
with the microbes of the large intestines
(Beauchemin et al., 2004).

It was concluded that the EFE can be used to
alter the insoluble cell wall constituents and
also to form stable enzyme substrate
complexes (Salem et al., 2013; Kung Jr. et al.,
2013)
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These are two illustrations on how an enzyme- substrate complex is formed
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When an enzyme comes in to contact with a
substrate, an enzyme-substrate complex is
formed which is the intermediate formed
when a substrate molecule interacts with
the active site of an enzyme. Following the
formation of an enzyme-substrate complex,
the substrate molecule undergoes a chemical
reaction and is converted into a new product.
Various mechanisms for the formation of
enzyme-substrate complexes have been
suggested, including the induced fit model
and the lock and key mechanism

Method of enzyme supplementation

Methods of application can be either by
spraying/top dressing or by direct infusion
into the rumen. Application of EFE can be
either in solid form or in a soluble form and
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there are many reports saying that the
applying enzymes in a liquid form have a
positive effect on animal performance (Kung
Jr. et al., 2013; Wang et al., 2012). On the
other hand direct infusion of soluble enzyme
mix into the rumen (Sutton et al., 2001) was
not effective. It was also reported that the
incubation of the enzymes for a considerable
time with the feeds before feeding to the
animals improved performance. There are
other possible explanations for an improved
performance for the EFE added diets
especially EFE applied in liquid form since
formation of stable enzyme-feed complex is
less prone for enzyme inactivation due to the
proteolytic process in the rumen (van de
Vyver and Useni, 2012; Suryanarayana and
Ramana, 2016). The improved performance
for solubulized enzyme supplemented groups
may be due to the fact that pretreatment of
feed /substrate with enzyme caused a scarring
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of the fibre particles and this effect causes
easier attachment of rumen fibrolytic bacteria
(Morgavi et al., 2000a)

Morgavi et al., (2000b) suggested that
spraying fibrolytic enzymes on dry feeds
improved rumen digestion because of a
synergistic effect between the supplemented
enzyme activity and ruminal enzymes. Rode
et al., (1999) and Yang et al., (1999) reported
improved in vivo digestion in lactating cows
whereas (Kung Jr. et al., 2002; Colombatto et
al., 2003) reported the same by in vitro in
lactating dairy cows

The solubulized EFE fed group of animals
recorded higher weight gains than those fed in
dry form which may be due to the pre-
treatment of dry feeds with enzyme applied in
liquid form created a stable feed-enzyme
complex even before entering the rumen
(Beauchemin et al., 2004).

The reason for higher weight gains for
solubulized EFE fed animals may also be
attributed to how enzymes are applied to the
feeds and this would be an important factor in
determining the efficacy of the enzyme (Dean
et al., 2006). It was reported (Colombatto et
al., 2003) that enzymes differ in their ability
to degrade various substrates of specific types
and have different rumen stabilities (Morgavi
et al., 2000b) and probably this would be one
of the reasons for inconsistent results during
enzyme application to the feeds in the present
study.

Elghandour et al., (2015) have concluded that
the addition of cellulose and (or) xylanase to
different ratios of maize silage to concentrates
improved the in vitro rumen gas kinetics and
cumulative gas production which indicates
that the productive performance may be
improved in animals. It was reported that the
enzyme supplementation improved rumen
fermentation and enhance attachment and

colonization to the plant cell wall material by
rumen microbes and there exists a synergism
between the EFE and rumen enzymes.

Factors on which the enzymes activity
depends

The activity of the EFE on a feed depends on
various factors like source of supply of the
enzymes (bacterial/fungal), type of substrate,
mode of application of EFE (solid/liquid),
type and stability of the enzyme, p H,
temperature and the other conditions in the
rumen, dose of enzymes, presence of certain
enzyme inhibitors in the gut, stability
conditions of EFE and the type of livestock
species. Marquez et al., (2007) has stated that
the activities of xylanase and cellulolytic
produced from Trametes species is 5 and 7
times and 10 and 8 more active as compared
to these produced from Asperigillus and
Pleurotus species, respectively.

The use of EFE can be promoted in ruminant
production systems by developing these at
cheaper rates. In future it becomes inevitable
to use these enzymes in TMR. A thorough
knowledge on the potentially degradable fibre
fractions and the digestion kinetics need to be
known. Addition of EFE to the fibre diets
may not be a tough task but this small
intervention leads to the efficient utilization
of nutrients and a healthy microbial balance in
the rumen. However newer fibrolytic
enzymes need to be prepared that can be
thermo stable and can resist a p H of 6 to 6.8
and a temperature of 39° C simulating the
rumen conditions. While supplementing these
enzymes factors like mode of application,
substrate nature, dosage, period of incubation,
source of supply, etc., have to consider.
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