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Chapter I
Introduction
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INTRODUGCTION

Ruminants have been closely mssociated with the affairs
of man since the earliest development of human society. Detalled
knowledge of rumen function, however, has only accumulated during

the past sixty years, a period in which rapid advances in physiology
and biochemistry have been made.

The rumen has long been filled with mystery. Hoard (1906)
stated that the rumen of a cow was the darkest place on earth.
Thanks to the shining light of science, many of these mysteries are
being resolved. As a result of the development of the rumen fistula,
increased interest has been manifested in the application of new
methods and techniques to study rumen asctivity.

As the rumen develops, a mixed population of bacteria and
prbtoson becone established. The micro-organisms of the rumen exist
in a remarkable symbiosis with the host animal. The rumen may be
regarded as a large fermentation chamber which provides a suitable

environment for the continuous culture of the mierobial population.

The rumen is essentially an anaerobiec highly reducing
system at a alightly acid but buffered pH, at @& temperature of 39°C
and a gas phase composed mainly of Carbondioxide, Methane and
Hitrogen. In this environment & very specialised microbial popula-
tion develops. The continued growth of the micro-organisms is
ensured by a periodic intake of food. The system is also maintained
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by a continucus inflow of saliva, passage of contents along the
digestive tract, and absorption of the end products of metabolism
through the rumen wall.

In payment of rent for a comfortable home, the rumen
bacteria digest the tough carbohyirates in roughages and also nyh-
thesize high quality protein and valuable vitemins for the host. As
soon as the roughage reaches the rumen, bacteria swarm over it,hunt-
ing for cracks and crevices to enter.

The digestibility of crude fiber both by animale and man
is greatly affected by the wide differences, qualitative and guanti-
tativﬁ, in make up of the cell membrane from these components. Diges-
tibility of crude fiber is of great importance with regard to the
utilisation of plant food-stuffs, for the energy supplied by crude
fiber, which consists chiefly of carbohydrates, can be utilised only
if cell membranes, which are easily permeable to digestive enzymes
only in the more delicate structure, can be ruptured mechanically or
chemically dissolved.

The potential source of chemical energy to the living being
is food material as proximate principle. The chemical energy is
liberated in three phases. Firstly the hydrolysis of food in diges-
tion, secondly the stage of anaerobie glycolysis, decarboxylation
of carbohydrate and deamination of proteiﬁ; followed by the entry of
above products in th& Tricarboxylic aeid (TCA) cycle to produce CO2
and Hy0. The acids and gases which are formed by microbial action in

the rumen are the end products of various intermediary reactions.
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Cellulose, pentosans and starch are hydrolyzed to monosaccharides
and then fermented. Phillipson (1947) pointed out that cellulose is
broken down to cellubiose, glucose, pyruvate, lactate and ultinately
to volatile fatty acids (VPA). Irrespective of the type of carbohy-
drate fed to cattle, rumen niofobas. ferment them to VFA, carbon-
dioxide and methane. The proportion of the acide formed veries with
the nature of the ration, the organism present, and other factors.
It is now established, however, that the VFA's found in the rumen
arise largely from the fermentation of dietary carbohydrates. These
acids constitute the major source of énorgy to the ruminant, since

only a small proportion of the engested carbohydrate escapes degra-
dation in the rumen.

The total concentration of VFA's in the rumen, and the
amounts of the individual acids present, are dependent on the diet.
Considerable information on this subject has accumulated during
recent years, but the result obtained by different investigzators are
rarely strictly comparable. This is because the pattern of VFA

production in the rumen is dependent on both the composition of the
ration and the feeding regime.

The recognition of the importance of VFA's as major source
of energy to the ruminant has focused attention on the problem of
measuring the amounts of VFPA's produced in the rumen. Attempts have
been made to assess the rate of production of the individual VFA
after feeding by following changes in the relative proportions of
the acids in the rumen (e.f. Gray and Piligrim,1951). The system is
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complex, however, since the coneentration of a particular acid at
any one time is dependent on the rates of (a) production in the

rumen, (b) absorption from the rumen, (e) pnns:gi from the rumen
10 the omasum, (d) dilution with saliva, (e) utilization by rumen

micro-organisms and (f) conversion to other rumen metabolites.

Straws are characterised by low percentage of protein,
poor digestibility and a high percentage of fiber. As such they
represent a fodder of relatively low nutritive value. In agricul tur-
ally sdvanced countries straws do not ordinarily constitute more
than a small portion of the roughage for livestock. In India,
however, straws assume special significence in as much as they
constitute by far the largest proportion of roughage, and most of
the farm animals subsist on fodder alone. Any attempt, therefore,
to improve the nutritive value of straw would be of great economic
value in developing the livestook industry.

The concentration of any metabolite in the remaining
compartments of the ruminent stomach is presumably directly propor-
tional to the rate of its production in the rumen by microbial
activity, provided that earlier mentioned factors remained constant.
Taking into consideration the above fact the production of rumen
metabolite is also proportional to the digestion. A part of the
present study is to investigate the extent of the digestibility of
the alkali trested paddy atraw $n the production of total volatile
fatty acid’'in vitro!

It is well established uptil now that the roughages are
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having cellulose, hemicelluloses and lignin as their cell consti=-
tuent. Considerable evidence has amccumulated with reference to the
digestibility of ecellulose and hemicelluloses, but the lignin is
least digestible and interferes with the digestion of other cell
constituents as well by putting a coating on them. The straw has a
considerable amount of this substance in comparison to the concen-
trates and other plant food stuffs. One will be interested to know
something about the nature of lignin and it is well, therefore, to
recall to memory the more salient facts of its chemical nature.

The confused status of the concept of lignin is reflected
in the inability of scientists to define lignin. If the concept of
dignin is derived from its morphology, it may be defined as & systen
of tridimentional polymers, which permeates the membranous poly-
saccharides and the spaces between the cells, thereby strengthening
them.

Although many investigators have attempted to define
lignin in terms of its chemical structure, none have succeeded in
proposing an adequate definition. It should be noted that lignin
is not a conetitutionally defined compound but is a group or system
of high-molecular-weight amorphus materials that sre chemically
closely related ( FPearl,1967).

The woody parts of plants, such as cobs, hulls, and the
fibers of roots, stems and leaves, contain a complex and indiges-

tible substance called lignin. Its chemical structure remains un-

certein. Produets which have been isolated by different methods and
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from different sources are designated as lignin in chemical composi~-
tion. The substance contain primarily carbon, hydrogen and oxygen
but the proportion of carbon is much higher than in carbohydrates.

A study of the lignin of flax isolated by heating with 5-12 percent
causiic soda for 6-10 hours at 140-160°C, led Pwell and Whittaker
(1924) to compare the resulting product with that isolated from
various woods ineluding pine, spruce, ash, bireh and polar; they
conclude that jute lignin is essentially different from flax lignin,
to which they assign the formula 045548016 which differs considerab-
ly from Klason's formula 32032006 for pine lignin.

Lignin occurs in plants chiefly as lignocellulose. There
is support for the belief that substances of the glucosanxylan sorieq
are the forerummers of lignin, Nord and Schubert (1959) studied the
chemical structure and biogenesis of lignin and on the available
information it has been nuggoatad that carbohiirzgf {probably giuooal
is the basic building bloock of lignin. Acerbo /{1960) has also obser-
ved glucose as the basic building block of lignin. Neither exact
chemical structure nor the manner in which it is combined with

cellulose are fully understood.

Lignin can not be classed as a carbohydrate, but it is
discussed along with this group of compounds because it gcours in
intimate association with cellulose a8 lignocellulose and is inclue-
ded with the carbohydrates in the conventional methods of feed
analysis. Its recognition as separate entity is important because of

its influence on the degree of digestibility of many feeds.
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" The manner in which lignin affects digestibility is not
eompletely understood. A number of theoritical possibilities exists
such as encrustation by lignin, by a lignin carbohydrate compound
of plant cell wall material, or by the presence of molecular complex+

es due to hydrogen bonding or other atiractive forces between
molecules."

Peeding of alkali treated straws after removing the lignin
content to a considerable proportion has got momentum now-a-days

and the beneficial results are accumulating (Vath, et al.,1969).

Taking into account these facts, attempt has been made in
the present work, to study the effect of delignification on the
digestibility of roughage (paddy straw)'in vitro'. This aspect of
the ks study hes got & profound importance from the practical point

of view, as paddy straw is the main source of roughage in the State
like Bihar in India.

The process of delignification has also been studied by
histochemical methods,as also by the estimation of the bound alkali

involved in the process.
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 contained at least 50 percent acetic acid. He gave little emphasis

REVIEW OF LITEBRATURSE

VYolatile Patty Acids in Rumen:

Tappeiner as earlier as 15883 for the first time demonstra-
ted that fermentation of cellulose in the rumen of ox resulted in

the formation of volatile fatty acids (VFA) which he concluded

on the nutritional velue of the fatty acids. This idea was over-
shadowed by the work of Kellner (1900) in which cellulose was found

to be of the same energy value as starch when fed to steers.

Lower volatile fatty acide which were among the prineipal
end products of cellulose fermentation was admitted by Woodman and
Bvans (1938). It was the developament of new chromatographic techniqu
of Consden et al.(1344) thaet led Elsden (1946) and later lioyle et
(1948)‘to design reliable methods for characterising the VFA which
arise from rumen fermentation. Phillipson and McAnally (1942)
observed that hexose were rapidly fermented to lactic acid in the

sheep rumen and this metabolite was consequently converted to lower

VPA's mainly propionic acid.

Por the first time separation of VFA's was done by Hlsden
(1945-46). He stated that under natural conditions acetic,propionic
and butyric acide are present and acetic acid predominates in con-

centration. HMarston (1948) showed that there is little doubt about

0

the fatty acids arising from the dissimilation of carbohydrates in







