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INIBQRUCIIQN

Evolutionery findings led people to helieve that multi-
cellulap organisms originated from unicellular ereatures
through the ages. Many of the living beings that had their
existance on the soil have been eliminated from the earth
in course of fevolution, Those who proved to be fittest
Survived. One of such eﬁ;utionary creatures are the ruminantse
the polygastric animals which present wonderful faatures

among the herbivores,.

Buninanté present a volume of peculiarities in the
utilization of ingested food £ which calls for the attention
of physiologists, bio-chemists, nutritionists and even of
bactericlogists,

The fundamental peculiarities in the process of utili=
zation of ingested food by ruminants are many and some of

- these are noted bhelow -

1. Ruminants consume food which is mostly cellulose -
a complex carbohydrate which cannot he degraded by
any mammalian enzymes,

2. They have got no upper incisors 2nd as such masti-

cation of food is always incomplete,

é. There is no carbo-hydrate and protein splitting
enzymes in saliva and hence the proximate prinéiples
cannot be acted by saliva, There is a little
lipolytic action in the saliva of cattle,

e . ——— N
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4, The simple stomach has been developed into complex
Stomach having four chambers of which rumen, reticulum and

omasum have got no secretion and the last pdrt abomasum acts

as simple stomach,

Se Innumerable micro-organisma are present in rumen and

reticulum which act as'fermenting vat®,

€, The temperature of rumen is maintained at a higher
level than that of the hody.

Eermentation of food in rumen:

Food material, strictly speaking mw»m the proximate
principles are the potential source of chemical energy to
the 1living being. This chemical energy is liberated in three
phases, The 1st phase 1s the hydrolysis of food in digestiong
2nd stage is the stage of anaerobic glycolysise, deearboxylation
of carbo hydrate and deamination of proteing followed by
the entry of abode products in the TCA cycle to produce €02
and Hg0. The hydrolysis energy is very small and the major
part of the food energy is producéd in the other two phases,

Cellulose beiné the major part of the ruminants' ration,
must be utilised to provide energy to the host in some other
way other than hydrolysis, as there is no 'Cellulase'® in the
mammalian system., Nature has provided means for it,The rumen
acts as 'fermenting vat' and large number of functional microe
organisms exists there in symbiotic im relationship, These
microbes help in the rermenttationlof crude fibre

and the end products thus produced are .....
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are avallable to the host,

In the rumen all the carbohydrates are ferﬁanted by the
microorganisms to produce VFA instead of monosaccharides. The
food material which escapes rumen fermentation is pushed to
the lower gut to follow ordinary digestion and thus a little

monosaccharides are also produced,

Eroducts of fermentations

Ruminants are anatomically much more adopted in respect
to other herbivores because they ferment in cellulose in the
rumen followed by ordinary enzymatic digestion and again |
folliowed by Caecal fermentation,

The carbohydrates irrespective of their chemical makfﬁg;
are degraded to VFA as the endproduct of rumen fermentation.
Caecal fermentation also give rise to the production of VFA but
the intestinal digestion produces monosaccharide.

In investigations on the VFA produced, it has been found
that acetic, propionic and butyric aclds are the chief acids
produced in fermentation, Besides these, small amounts of other
higher fatty acids are also occasionally present in the rumen
sample. Phillipson (1947) pointed out that cellulose is broken
down to cellulobiose, glucose, pyruvate, lactate and ultimately
to VFA. CHy is mainly produced from ficetic, Butypic and valoric. |
acid by rumen bacteria which are blochemically closely related tot
*METHANO BACTERIUM SUBOXYDANS' in which butyric and-. ..
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#H4 valoric acid serve as reductants with COg as the oxidant in
'invivo'condition (Nelson,1958). Multiplication of the rumen micro-
bes resulting in synthesis of starch Glycogen and vitamin of
B-complex group take place at the cost of the product of fermenta-
tion, The extent of .active growth is dependant on available source

of energy and amount of mitrogen present.

FACTORS THAT MAINTAIN MICROBIAL POPULATION ACTIVE:

For the normal thrive and efficient working of the microbial
population a suitable environment is inevitable. Constant passage
of food material to the rumen for 24 hours, the mechanical movement
of the rumen, passage of the digesta into lower gut, entrance of
the end products of digestion into the general circulation through
rumen wall, constant and steady range of Py , rumination and
anarobiosis through the production of various éases by way of fermene
tation help in constituting an optimum environment which facilitidtes

the growth and reproduction of microbes,

BATE OF PRODUCTION OF VIA:

McAnally & Phillipson (1942) as well as Barcroff et.al.(1944)
showed that the constant passage of VFA into the circulation‘take
place through rumen wall. Constant absorption, passage into lower
gut metabolisation of VFA by rumen wall, passage of saliva into
rumen & their interconversion stand on the way of estimation of

" the rate of production of VFA in 'in-vivo'. The only rational
solution of this problem is the application of Radio-active

Isotope in this field. Pricr to this 'in-vitro' measurements of
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of the rate of production formed the only basis of estimation
which at best was only approximate, With the help of Isotope
dilution technique, the rate of production of the acids have
been estimated by Mukherjee (1960) as Aceticy #x® 4,79
Propionie-1,10 and butyric-0,60 milgé Bq-/hour/Kg.of rumen
content respectively. :

ABSQRPTION:

The acids are absorbed by the reticulo-~-ruminal
epithelium, The rate of absorption depends on the PH of the
rumen and the concentration of the VFA, The determination of
the rate of absorption is also rather difficult because of
the elaborate surgical process lnvolved in it, With the
Isotope technique Mukherjee (1960) estimated the rate of
absorption in fasting sheep to be Acetic-38,8; Propionic.9,66;
Butyric-4.22 mili mole/ hour / Kg. rumen contents respectively.

METABOLISM OF TR ACIDS:

Cambridge group of workers established that these
acids are extensively metabolised $has$ by the animal as souree

of energy and also for the synthesis of body fat.

Propionic acid is a Glycogen former. Reid (1950) has
shown that insulin hypoglycaemia can be effectively relieved
by ingecting propiondte, Potter (1952) noticed similar effect
with butyrate and as such butyrate probably forms carbohydrate,
?onﬁington (1962) showed that it is metaholisid by rumen wall
to produce ketone bodied.
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Acetic acid is metazbolised by almost all tissues. Reid
(1950) showed that it is metabolised by brain tissue.Acetic
acid, as quoted by Phillipson (1947) is regarded as a Glycogen
former upto about 40%, This finding was confirmed by Lorber
at.al. ¢ 1948) by Isotopes studies. Mjlk fat is synthesised from
blood acetate as shown by Popjak at.al. (1949) and‘ lactose ,
originate from acetate was Bhown by Cowie at.al.(1951), Cholestrol

is also formed from acetate, e

SAIQRAFIC CONSTDERATION:

The énergy value of VFA calculated by Pfander & Phillipson
(1983) was 600 Cal/day and by Schambye (1951a,bycyand 1955 a,b)
to be 600-1200 Cal/day in case of sheep. Maintenance requiremenf.
in case of sheep was calculated by Ammstrong & Blaxter (1956)
to be 1200 Cal/day and on this basis about 85% of the maintenance
energy requirement of the sheep is met with from VFA, About 70%
of the maintenance energy requirementwas was met in Steers by
VFA as shown by Carrol & Hungate (1954)

The accepted calorific value of the fatty acids are 208.4,
373.54504.8 Cal/m.of acetic, propionic and butyric acid respecti-
vely (Carrol & Hungate-1954).FEven in fasting sheep where produce
tion rate is minimal, Mukherjee (1960) calculated that about
26% of the maintenance need is met from VFA,

In the present work, the fermentation of
bagasse by rﬁmen microorganism;s vas studied in 'in-vitro!
under different conditions and the product of fermentation

~analysed.
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A series of digestion trial were undertaken to
determine the digestion co-efficient of the dry matter
and other organic nutrients in support of the ‘in-vitro’
findings., The 8ffect of added soluble sugar on the
digestibility of crude fibre was also studied.

U.P. and Bihar are the largest sugar
producing area. Their share averaging 73% of total
production, On this 3ighé light it can be saild that
if the bagasse that are derived from sugar cane are
utilised as cattle fodder, it will have enormous
econonic advantages in the less agricultharally
advanced country like India.

sadd00



CHAPTER- 1

REVIEW OF LITERATURE:

g Gy oy 4

Volatile fatty acids in rumens:

Tappelner (1884) first detected VFA in rumen and Woodman
(1938) said that the wumen VFA is the end product of cellulose
in rumen fermentation, But the exact significance éf VFA was
unknown 11l the beginning of fortles = when Elsden and his school
said that ruminal VFA nemeidy viz Acetice, propionic and Buﬁy:ic
and traces of other higher fatty acids are available to the host,

Woodman and Bvans (1938) found that glucose,puryvic acid,
lactic acid and VFA all appear during fermentation: of cellulose,
Phillipson (1942) showed that hexoses pass to VFA stage via
lactic acid. Small amount of formic acid as well as some branchede
chain acids ai‘e occasionally present (Annison,1954) but under
natural circumstances acetic acid concentration predominates

(Elsden,1946).

The concentration and the proportion of individual VFA
production are depend,nt on the nature of diet, species of animal

and even with individuals of the same species (Phillipson,1947).

Some of the findings of the various workers have been

shown in Table I.
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Table showing the product of fermentation ('inevitro')
on various substrate:

= : :
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| ¢ ' ' ' :
'R % ¢ t t
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£ i |
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¢(1951)
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Table=I °

Table showing the product of Termentation (‘*inevitro')

on various substrates

-“---“-ﬂ“--_ﬁ-------—-----_-—-------"-----‘---

Substrate

Cellulose.
Glucose,

Dried grass,

Wheat & Hay,

Lucern hay,
Hay.
Grain,

Hay & Concentrate.

Hay & Concentrate,

S D N N N S e G S e oD D G Em e e en

Sheep
sheep

Steer
Steer

Fasting
sheep,

None

A

46,00
59,00

60,30

63,40

75000

51,20

54,50
61.20
34,50

41,00
27,00

21,10
22,60

16,00

24,40

= e

B :Reference.

3.40'Rlsden
'(1945<46)
25,60!
7

13,001

13.00'Gray at.al,
¢(1951)

18,60% Carrol &
' Hungate
¢ (1954)
14,00t

12.00:

"Mukher jee
'(1260)
24,401
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In tinevitro! studies, Elsden (1945-46) detected greater
propyinic acid in case of cellulose, in contrast to 'inevivo!
condition, which was assume to be probably due to microflora
survived in 'in-vitro' being not a representative of the mixed

flora in rumen,

From the general nature of VFA production as shown in
the above table, it is concluded that soluable sugar tend to

produce more propydnic acid,

Gray et,al. (1952) observed high amount of propginic
acld from 'in-vitro' fermentation of wheaten hay in sheep

on 2 hours of incubation, the percentage fomposition being

acetic, 43; propionic 51; Butyric 6, When the period of incubae

tlon was extended upto 48 hours, the percentage composition
of VFA was different viz. acetic-52;'propyionic =35 and

Butyric-13. A considerable part of the higher acid produced
in long pericd incubation, may be due to secondary re-action

from both acetlic and propionic acid,.

The extent of inter-conversion of the three ruminal
acids have been studied both in 'in-vivo'! and in 'inevitro!
and was found to be not more than 3% excepting in case of

b¥% butyrate to acetate (Mukherjee,1960).

In 'in-vitro'! studies the percentage conversion in three
hours were 12,8 and 29,3 for none-fasting and fasting animals
respectively., Whereas, in 'inevivo! condition it was in the
order of 88,9 and 73,0 pereensage percent, the last one being
the data for fasting sheep.
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Some of the important findings on VFA levels in the

'inevivo' condition is shown in Table- 1,1:

Iable 1.1:
VFA levels in the rumen under different
diet:
Diet, ' Animal, ! A, P. ' B, ' Reference

Flaked maigze. Skeep. 1. 62.00 42,00 5.C0 § Phillipson
Sheep, 2, 60,00 85,00 3.00 § (1952)
- Sheep, 3, 89,00 23,00 14,00 §

Wheaten hay., Sheep. 1, 64,70 23,50 9420 § Gray et,al.
Sheep, 2, 65,40 22,30 8,90 § (1952)
Hay &
concentrates, Cow, 40,60 36,560 10,70 Balch & Rowland
(1957)
Hay & Sheep, 5%z
concentrates, 75,50 15,30 9:00 Mukherjee(1960)

It i1s seen from the Table 1 and 1.1 that the Propore
tions of the three acids both in ‘*in-vivo'! and tinevitro!
are widely different depending upon the conditions of the

experiment,
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el-Shazly (1952) and Annison (1954) pointed out that the
Proportion of C4 and Cg acids were more when the animals were
kept on protein rich diet, for under anaerchic condition,ammonia

Cog and VFA are produced from protein by bacterial action (Bl-

The products of fermentation of hoth carboehydarates and
protein together give rise to varicus straimght and branphed
ehain fatty acids and all these are utilised by host.
Butyric acid and some branch chain acids are utilised by the

rumen wall itself (annison and Pennington, 19643 Pennington,19543;
Pennington and Sutherland,1956), '

RATE OF PRODUCTION OF VFA IN RUMENs

The rate of production in ‘in-vivo' of 7,18 m.moles/kg./
hour of VFA was determined by Multherjee (1960) by the Tsotopes
technique, cannot be compared with any similar data as no pre=
vious work has heen done on that line. Comparison can, thepefore
only be made with 'inevitro®’ rate for which considerable data
are avallable, Gray and Piligrim (1052) feymented powdersd
wheaten hay by rumen liquor from a sheep fed on the same diet
and obtained a rate of 8.3 m.moles between 2-4% hours and 8,7
m.moles hetween 4% and 74 hours, Thereafter, the rate fell off
sharply, possibly due to lack of substrate. Fermentation of
rumen content for 4 hours from a hay fed steer, drawn 16 hours
after feeding, produced acids at a rate of 8.3 m.noles

per hour per kilogram while the 13 hours sample gave a rate
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rate of 12,5 m.moles., Apparently the rate tended to fall off hetween
13 ang 16 hours,
ARTIFICIAL RUMEN:

The advant in recent years of the rumen fistula and the artie
ficial rumen technique has Xuyx provided research tools which have
contributed greatly to our knowledge of rumen function, Elsden,
Johns and other co-workers first adopted the procedure of incubation
of rumen content of mixed micro-biol population to study the rumen
fermentation which opened a new chapter in this field. They used
'Washed suspension' of rumen micro-organisms and since then various
improvements have been achieved in this field. Gradually, the'drtifi-
cial rumen' technique developed which is now adopted universally

to conduct 'in-vitro! studies,

Pearson and Smith (1243) used undiluted rumen content in
the incubating flasks. Marston(1948) improved the same by‘attemp-
ting to ragulate the pH ®x with the addition of suitable buffer
and maintained anaerobic condition., Flow of artificial saliva
at definite rate was definitely an improvement adoptéd by
Burrough et.al, (1950). Louw et.al. (1949) used semipermiable
vessel which allowed the elimination of fermented product by
diffusion resembling close to 'in-vive' condition. Warner (19586)
used 'Cellophanesse sac' containing rumen liquor and substratee
it is dialysed against a mineral solution similar in composition
to rumen liquor and got preditahle result even upto 8 hours

of incubation.

' In-vitro' studies can be carried out in small scale
work under controlled condition, without significant alteration

of wacterial population and pure microbiol population free from
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from luhltrgte contamination is obtained for critical studies on
their enzyme system (Elsden,1946).

For 'In-vitro' studies, 'inevivo' condition must be maintaie
ned (Hungate,1954) as the Cellulolytic bacteria (Hungate,1950)
gnd Protozoa (Hungate,1942) of rumen are very sesitive to change
in its enviromment, :

However, in "inevitro' and 'inevivo' studies guartitative
difference rarely occur but quantitative difference may result
which may be due to differential absorption of end products,
change of Py , altered bacterial metabolism, inactivation of
enzyme in precessing cell-suspension, exclusion of protozoa,
ommission of important bacteria, lack of co-factors for certain
re-action, assimlilation and utilisation of VFA in absence of
absorption and other 'inevive' condition (Hueter etsal, 1958).

In spite of these limitations, the ‘in-vitro' studies
provide satisfactory result provided the *in-vivo® enviromment
is maintained and the incubation period is short.

PAT 103,

The application of column chromatography was used in the
separation of plant pigments. The process has since heen extendsd
to include, Gas-liquid partition chromatography by James et.al.
(1952a), Iiquid-liquid partiticn chromatography by Martin et.al,
(1941).
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For the estimation of ruminal VFA Gas-liquid, liquid-
liquid partition chromatography are often used. For column
chromatography both the procedure of Elsden (1946) apd
Peterson (1948) can be aep adopted. James et.al. (1952a,
1952b and 1956) used gas-liquid partition chromatography
for separation of higher and lower acids as well as the

esters of both saturated andpfisaturated fatty acids ,

Paper chromatography gives satisfactory result (Reid and
Lederer,1952), Menon et.al. (1962) used a new in@iicator which
is very sensitive but cannot be used for quantitative
estimation.

By the use of silica-gel colimn,8mbth (1942) has been able
to resolve chloroform plus 1% Butanol solution for formic ,
acetic propionic, n-butyric, and n-valerianic acid into theipr
componant compounds. Although the butanol- chloroforme-water
system give satisfactory separation of Cj -~ C4 acids, it is
not effective for acids having long chains (Elsden,1946)and
(Ramsey s#t.al.1945). When silica-gel tube was buffered, such a
system may be used for C2 - Cg eid acids (Moyle et,al,1948),
Peberson & Johnson (1948) were able to isolate the Cz -Cip
acids by employing Benzene-aquous-sulphuric acid in celite
packed tubes,



Ritzman & Benedict (1988) found that the heat increment
in ruminant is high. The exact cause is not known but it may be

due to rapid formation, absorption and metabolisation of VFA
and on their quantitative aspects,

Armstrong & Blamter (1957a,b; Armstrong et.al.l957c)
determined heat increment of the individual acids in fasting and
non-fasting sheep. '

The heat increment of these acids in fasted animals,detere-
mined independantly, was found to be acetic 41 Cal.Propionic 13
Cal.and butyric 16 Cal. per 100 Cal. of metabolisable energy
respectively., A mixture of the acids gave a heat increment of 17
Cal which was below per from that of the anticipated result., There-
fore, the heat increment of VFA in fasting condition s of l1little
practical importance.

Heat increment of these acids was found to be -acetic 67
Calj Propionic 44 Caly Butyric 38 Cal when determined at or above
Mntomoo ration., These values were considerably higher from
that of fasting condition,

The high heat increment of these acids may be due to greater
part of these acids being used for fat synthesis,
The above findings indicate that VFA are relatively less

well utilised for production as compared to in maintenance,
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The relative efficiency of feed in maintenance and in fattening
in the utilisation of the product of fermentation is oh the
average is 100:76 and this value is not constant (Armstrong and
Blaxter,1967a; Armstrong et.al.1957h). However, the VFA aye
uded with fairly constant efficiency of 85%¢ to meet the energy
need. They concluded that for fattening acetic acid is used
with an efficiency of 33%, prophonic 55%; butyric 62% . Thus
the ratio of maintenance to fattening efficiency is calculated
to be acetic, 100:39 j propionic 100:653 butyric 100373,

Armmstrong et.al.(1958) as has pointed out that metabolde
sable energy of maize is utilised about 17% better way than
that of hay for maintenance and 82% better for that of produce
tion, This is due to greater propionic acid production in miize.

P 3 F

Viry few industrial bi-preducts bye products are used
in feeding as animal feed in India. Molasses and molasses feed
have been tried with success in West (Keldner,1926; Morisson,
1937).

Possiblyity of the use of bagasse with molasses and
other feed stuff has been explored. Molasses feed (Mixture of
concentrated molasses, oll cake and bagasse in varying propore
tion) and bagomolasses (concentrated molasses and bagasse)have
been tried extensively.

The use of these feeds in the ration of both growing
and milfch animal was mainly based on the idea of utilising

mblasses as a concentrate and not on the use of bagasse as
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as a roughage, for which practically no data are available,

Schneider & Rathore (1938) (quoted by Sen), Kothavalla
(1942) and Mukteshwar workers (cited by Sen) used ‘molasses
feed' in place of concentrate both for growth and production
without any significant difference in theip effect,

Kothavalla (19042) explored the possibility of utilising
bagomolaslos as a substitute for a part of concentrate on one
hand and the roughage on the other in the ration of milﬁoh and
growing cattle.

In replacing a pound of concentrate by 3 1lbs of bagomola-
sses, the growth rate was lowered but milk production vas une
affected.

On repiacing 3 1bs of green roughage by a lb.of bagomolaw
S$ses caused improved rate of growth without any effect on milk

production,

Schneider & Rathore (1936-38) successfully replaced wheate
bran by bagomolasses for milk production but not for growth.

The replacement formulae for concentrate with hagomola=-
Sses adopted by Kothavalla has heen criticised by Roy &
Talapatra (1046), According to them the beneficial effect proe
duced in substitution of roughage by bagomolasses is probably
due to protein sparing effect of the bagomolasses, This view has
been supported i;fglgilar finding of Ayyar & Zubary (1946). They
concluded that the protein rich concentrate can be replaced

successfully by bagomolasses in working animal,
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Bagomolasses did not contain any digestable protein
or Ether extract. The digestibility co-sfficient of total carbo=
hydrate was 72: The T.D.N. value was found to be 47 (Roy &
Talapatra,1945) Molasses feed on the other hand contabn 7%
D.C.P, and 40.6% S.B. (Lander,1938),

Mahadevan et.al. (1962) used a cattle S8amd feed mixture
50% of the bulk of which was the bagasse screening., They also
incorporated urea in the ration which maintained the animals
in positive nitrogen balance, when used as a sole feed, They
also determined the digestibility co-efficient of the whole
ration from which the data for bagasse alone is not readily

avallable.



CHAPTER II.

MATERIAL AND METHODS.
NALYSIS OF FEED;-

The analysis was done only with two feed viz., Gram and
Bagasse,

Bagasse was collected from local crushing centres and
the material was pooled and samples from different parts were

taken to the laboratory for routine analysis,

A representative sample of gram used in connection with

the work was also analysed.

The average composition of thm both these materiais is
shown in Table 2.1.

ZTable 2,1

Table showing the average composition of feed
expressed in percentage.muxidypxmatimribasisy

D O S e 5 S R G eSS w6 U5 Gl D G5 65 G B S e WA ED A R A STe S M5 WS O

Material 3 o:lsturei Ash § C.,F,  (E.E. ﬂN.F.E.ﬁProteinmrga
§ ¢ i finic

§ 0 i i f imatt-
0 § ] g g ] fer.

Bagasse, 8.83 2,07 37,86 1.54 48,76 1.256 89,10
Gram,. 5,50 3,40 8,50 4.20 60.80. 17.60 91,10
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Por moisture the material was subjected to 102°C for

10 hours. Protein was estimated by Kjeldahl's method. For crude
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¢rude fibre analysis Weende 's method was employed, Total
ash was deterhined by igniting the sample in muffle furnaec
at §75°C for 4 hours, For ether extract Seshan's method
(1935) was employed 1.e. extraction of the material in
#mxiek soxhlet by petrolium ether for 60 hours without

any consideration of number of @xtraction per hour and

uniform extraction.

Eistulated Animal:

One goat was fitted with 1" ebonite cannula
following the procedure of Ash (1957).

The animal showed no untowards reaction and was

feeding normally afteyr about a week of operation,

Sumen liguor used in ingubations-

The rumen content used for incubation throughout
this experiment was taken from slaughtered goats from
the butcher’'s shop very near to the college immediately
after the sm slaughter, The ruemn wall was slited by a
sharp knife and about a pound of rumen content was taken
in a wide-mouth bottle having Carbon dioxide (COp ) by
passed into it from the laboratory. The bottle was then
taken to the laboratory and CO, was again passed for
s:mlnutes.
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The rumen content was strained through folded muslin
and rumen liquor wes pipetted into incubation flask,

A few samples were also collected from the fistulated
goats, fed on concentrate mixture and green leaves, to check

the results obtained from samples collected from slaughtered

animals,
Incubation:-

The incubation was carried out in flasks having well
fitted stoppered provided with hoth inlet and out let device
in it., The inlet tube being well below the outlet one in the
incubating flasks. Foub c.c, (4 c.c.) of X M phosphate buffer
héviﬁg Py 6.6 was added into the flasks befira the addition of
rumenqiiqunr. 20 ml. of rumen liquor was pipetted into the
flask and COp gas was passed along the inlet tube to maintain
anaerobic condition which was tested hy passing the outlet Bas
in BariPm chloride solution.

The kagga bagasse used in incubation was finely powdered
and 0.5 ém'was added f r 20 ml. of rumen liguor.

-Glucbﬁb when added for incubation was in the form of

1 ml of 5% solution and was always prepared fresh.

‘ The Cﬁg\was generatad in Kipp's apparatus from marble
chips and Hel (1:1) . A trap was inserted in the circuit to
dr&est any Hel if carried by chance by the stream of CO, .
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The flasks were connected in series ang placed in constant
temperature waser bath of 39-40°%,

Estimation of VFA in Rumen 1iquor:

The total VFA in rumen liquor was estimated by the method
of Elsden et.al. (1946).

The rumen content was strained through double layer of
muslin, To & measured volume of the rumen liquor was added mwd
an equal xwiwgr volume of 2N Ho 804 saturated with magnesium
Sulphate. 4 10 c.c, aliquote of this mixture was taken in
"Markham still" and was steam distilled . About 150 c.c.
distillate was collected and was titrated with N/10 #x NaoH
solution using Bromo-thymol blue as indicator. Further 25 c.c.

of the distillate was also collected and titrated as a pre-

cautionery measure,

Care was taken to see that the k= steam distillation

was not too first to make the tip of the condenser hot,

CHROMATOGRAPHIC SEPARATION OF THE VFA AND MEBASUREMENT
OF THEIR SPECIFIC ACTIVITY:

Thé whole process consists of the following steps which
are described individually below. The Chromatographic procedure
followed was on the lines recommended by the Bueding and

Yale (1881).
l. Preparation of the VFA sample for chromatograggz.

-The "irst 100 c.,c. of Markham distillate was made dis-
tinetly alkaline after titration by the addition of an extra

1’
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extra drop of N.NaOH and evaporated down to a Yolume of about
20 ml, over an open flame. The use of a jet of COp free air
bubbling through the liquis, hastened the evaporation process
considerably. The small volume of the distillate was then
transferred to a round bottom 100 ml. flask ang dried down

c¢ompletely on a water bath with the air jet directed on it,

Two different methods were used for the extraction of &
the acids into chloroform solution which is necessary for
chromatography. In the first method 5 ml., of pure chloroform
(dried over Na2 S0, ) and enough Hy804 to turn the indicator
pink weré added to the dry mass and the Suspension was transe
ferred to a centrifuge tuhe. Enough anhydrous Na2804 "Prx was
then added to the suspension until dry crystals of Nag804

appeared. The mixture was well stirred, centrifuged lightly and

the supernatent fluid was decanted into a 25 mk mil. volumetric
flask, The round bottom flask and the Nap50, were washed three
times with 3 ml, portions of pure chloroform and then three
times with 3 ml. portions of 17 butanol in chloroform, hoth

dried over NapS0,. The volume was then made upto 25 ml, with
chloroform,

In the second method due to Elsden (1946a) , the dry
powder was desolved in 0.2 ml. water and sufficient anhydrous
IGIS04 powder was added to form a dry mass which did not stheck
to the sides of the flasks, The powder was then extracted
€6 times with small volumes of 5% butanol in chloroform dried

e
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dried over Ha2304 and then made upto volume,

Although efficiency of extraction was found to be nearly
100% by both these methods, the second one was found to have
distinct advantage in the fact that the reagent blank was conse
tant and negligible compared to the first, in which it was both
high and variable probably due to var&ing traces of Ho804
remaining in the chloroform.

2. Preparation of the Chromatographic column.

The celite - Johns- Manville NSY3X No.535 (Celite 535) used
in the chromatogram was prepared for this purpose by boiling
it vigrously in concentrag8d HC1l for 30 minutes, to remove
most of the iron in it, The supernatant HCl was decanted off
and the celite was repeatedly washed with about 3 litre portion
of tap water till nearly free from HCl, when it was washed
twice with the same volume of distilled water till completely
free from HCl, During the washings mf a fair amount of the
finer particles of celite that failed to settle down within
15 minutes was also decanted off. The celite was then dried
in an oven at 110°C. to a constant weight. The drled celite
was then washed with ether by pouring it over the celite in a
Buchner's funnel and drawing off the selvent by suction. The
ether washed celite was finally dried in a desicator under

continuous evacuation.

8 gm of this processed celite was thoroughly ground in a
morter with 4.8 ml.of 2 M phosphate bufifer of py 6.5 , so
that the buffer was uniformly distributed in the celite,
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Sufficient Chloroform equilibrated with the bufifer was added
to the celite until a slurry was obtained.

The end of the column, of about 12 mm. internal diameter
was plugged with glass wool to act as a Support for the celite.
A few ml, of chloroform was run through the glass wool which
was tamped again to remove the air bubble in it. About 0.5 gm.
of the celite slurry was introduced into the column with the
help of a funnel and sufficient chloroform was poured to make
@ suspension of it, The suspension was stirred by a slender rod
and then tamped down by another rod which had a flattened end
almost as large in dlameter as the colum. The rod was civen
a twisting motion as it was lowered and an even downward presse
ure was exerted on the celite while packing it. The column was
mxaried =R kha emiits whidw 3 rotated slowly and the edge of
the pack was tamped round with the slender rod. The next
charge of another 0.5 gm. of celite was then introduced and

all the above mentioned steps were carefully gone through. Ak

After the last addition of the celite all floating particles were

tamped down so that the column surface was flat and even,
Particular gare was taken to follow this packing procedure in
every details so as to avoid the formation of channels and

consequent poor resolution,

3, Separation of the acids on the chromatogram and
their titration:

The small volume of the solvent always remaining above

the celite column was allowed to flow through until its level
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level just reached the surface of the celite, From Sxfixmi
3-5 ml. of the solution of the acids in the solveﬁt containing
from 100-150 micro moles of total acids was allowed to flow
into the celite. The sides of the column were washed twice
with 3 ml. portions of/gg;groform (CBO).The column was then
£illed with CBo and 5 or 10 ml. samples were collected for
titration. Very often the first fraction of the mimt eluate
was collected in bulk of 50 ml. to save time and error in

titration,

When the titration reading of the last sample of the
eluate dropp8d down to km blank value, the receiver was changed
and after the remaining volume of CBo passed through the column,
it was filled up with the next solvent 54 butanol in chloroform
XBE (CBg ) and the same procedure as described above, was
followed till the titration reading again dropped down to the
bEznkxvaiue blank value when the last solvent 20% butanol in

chloreform (CByn) was used,

The titration of the eluate was carried out with N/200,
methanolic¢ KOH using Bromogﬁzggi blue as indicator., Before the
titration of the CBo fractions 10 drops of methanol was added
to it so as to avoid the false and point that is often noticed
when the amount of butyric acid is less than 5 micromoles. This

step was found to be essential to awoid confusion in the titrae
tion of the CBo fractions gmsxpxk as pointed out by Peterson
and Johnson (1948), '

For titration with aqueous N/200 NaOH, an equal volume of

water and 2 drops of bromothymol blue were added to the eluate,
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In both the cases the mixturgs was aerated by bubbling COp
free air through it for 3 minutes before the commencement
of titration and also during the process, Particularly
vigorous bubb ing was needed towards the end peint for the
removal of the last traces of the acids from the organic

to the aqueous phase.

Thé natural flow of the solvent through the column was
often found to be too slow and it was usually necessary to
apply increased air pressure to maintain a flow rate of one
drop per second. The efficiency of separation of the acids
was found to be unaffected by variation in the rate of the

flow of the solvents.

For the separation of the Cg, Cg and C4 fatty acids
the same procedure was exactly repeated excepting that a
buffer of pH 7.6 was used as the stationary phase and the
sSolvents were equilibrated with it. Separation of higher

acids was not undertaken in this work.

Recovery of CB Waste:

The waste CB mixture was made distinctly alkaline
by the addition of few KOH steaks to neutralised any free
acids present. The entire bulk was then washed in tap water
by bubbling for about 3 hours to remove all the alkalic and

methanol from BC waste,

The CB layer was then separated in separating funnel
and the separated 3 CB mixture was distilled in a glass
distilled apparatus in over an electrical water bath,



29,

The distilled CB mixture was then treated with CaClg
grannules (5 gm per 1000 mls) to remove traces of vater ,
It was then filtered through filter paper ang absolutely
water free CB thus obta:ned was used to prepare CB5 and
CB20 ond equibriated to phosphate buffer,

REAGENTS USED ,

“1, 2M phosphate buffer, pH 6.5 104 gn. KgHPO4 and
190 gm KH2P04 per litrs.

2 Butanol-n-butanol, réagent quality,

3« Chloroform - BP grade, washed with distilled water
for 2-3 hours to remove the alcohol added to it for
@8 stabilisation,(ICI)

4. Methanol- reagent quality,

5. Solvents- pure chloroform (CBp), 5%'butanol in
chloroform (CBgz) and 20% butanol in vhloroform
(CBzp). All solvents were equilibrated with the same
buffer which is used as the stationary phase of the
column. 5 @l.of the buffer per 100 ml.of solvent
was thoroughly shaken in a separating funnel, After
Separation of the two layers, the solvent was
filtered in order to remove any water remaining in
suspension,

6. Bromothymol Blue indicator- 0.04 gm. of the inilicae

tor in 100 c.c. of absolute alcohol,



30,

Digestion trial:-

To study the nutritive value a sedies of digestion
trial was carried out in Jamymapari goats({ Male ).

A pre-experimental perlod was given for 7«10 days in
each set and the collection period was extended for 7-10 daps.

The pre-experimental period was extended about 20 days
in the first set of experiment so as to make the animals
familiar with the new type of ration and the enviromnment, Pre-
experiment.l period in India as suggested by Sen, should x=ExEe
be for 7-15 days and the collection periodl should extend for
10 days. At Pennsylvania State College, the preliminary period
often ranges between 4-5 days, Mipchell et.al, (1232)
considered that for digestion trial a short preliminary period
was sufficient whereas a long preliminary period was inevitable

for balance studies.,

In the present work no balance studies was adopted axd
as such a moderate preliminary and experimental period was

planned.

A total quantitative collection of faeces wasmade
for 7-10 days as Xitm per the experimental set up. The food
consumption was recorded on dry matter basis dally. Account
for the loss of molsture in the residual feed in the next day

was also made.

A certain aliquete of fresh faeces voided was taken
which was mostly 1/3 of the total quantity. In some cases 4
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of the f#mx fresh faeces was taken as aliquote to determine thke
dry matter present in the total faeces. The dried faeces was
kept in stock and in this way the dried faeces for whole of
the experimental period was collected for each individual
experimental animal,

The compositie dried faecal sample thus obtained was

then analysed at the end of the collection period.

Throughout the preliminayry period as well as in the
experimental period care was taken not to change the plane of
nutrition at all, A protéin source l.e. a concentrate feed
viz. gram was given to these animal, In the first set of
experiment 586 gm, of Gram was given throughout the both perhod

and in the second set onward 88 gm. of Gram was given,

Considering vitamin A requirement, Cod liver oil,

one tea-spoonful per week per head was administered.

An attempt was made to determine the effect of soluble
sugar on the utilisation of the crude fibre in the Babusse
bagasse. Molasses was added to the ration on the hasis of
5% of total feed consumption and next it was increased to

10% of the dry matter consumption,

In these two cases the composite dry faecal sample

was nalysed only for crude fibre.



'CHAPTER ITI.

ESTIMATION OF ERRORS IN VARIOUS EXPHRIMENTAL
PROCEDURES

Brror involved in steam distillation of ruminal VFA:-

The method adopted in this experiment invariably gave
highly reproducable recovery.

The efficiency of 150 c.c. distillate to remove 100%
of the VFA was tested in the following experiment,

A known amount of standard acid was steam & distilled
in *'Markham still'lin the usual way and 4 successive 50 c.c.
distillate was separately collected and titrated against standard
alkali, The result is shown in table 3.1 :

Table-3.1:

Table showing the recovery of VPA in successive
fractions of distillate (in percentage):

D S S5 em D G v S G P S T AT T R0 T O G0 OF W U G5 G0 65 S5 4D S5 ©5 @D @5 5 W S o €5 =5 55w £5 S b G TN S G W 0 OF B S Us S @) D G

No.of flst @§2nd § 3rd § 4th fraction
obser- ifrac {§ frac- {§ frac- §
vationsftion, § tion. { tion. §
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& 76,2 14,7 9 Nil

It is seen from Tahle 3,1 that the last 50 c.c, invari-
ably contain traces, if any of the acids and that 100% of the
acid was invariably recovered in 150 c.c. distillate. As such
150 e¢.cs of the distillate was collected as a roubtine procedure.
The efficiency of distillation - both too slow and two fast rate
produced errors. A period of 1520 minutes was found to be
optimum and was regularly followed.The result is also shown graphia
cally in fipgure-l. ‘
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The efficiency of the recovery in this method was tested“
by distilling the standard acid solution and titrating the 150
C.c, distillate against standard alkali., The recovery test was
done at different r-om temepratures, The close agreement of
duplicate racovery from rumen liquor which was invariably obtaie-
ned also testify the accuracy of the full process,

The result of the recovery with standard acid 1s shown in
Table 3,.2:

Table-3,2:

Table showlng the efficiency of distillation of VFA
in 'Markham still' (m.mole of acid):

No.,of § Total § Total § Percentage § S. &,

obser § acid used § acid { recovery, {

vation] for disti § reco- ] 8

gl dlation. f§ vered. § _____ . § 2
a 0.4 0,406 101.5 + .001 |
a 0.8 Qe 79 97.5 + 002 }
4 1.0 0. 99 00,0 4+ o001

i
|
l
It is seen from the above table that recovery from the
L' .

distillation process adopted in this work invaiably recovered i
|

pearly 100% of the VFA.

Loss of VFA on exposure to rPom temperatures:-

The room temperature varied from 25-40°C during the
period through which the experiment was comducted., As such it was
necessary to assess the error which may crop up dus to exposure

of VFA within that range of temperature.
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This point was investigated in the following @ experiment,
| A known amount of 8t,ndard acid was exposed to room
temperature at 37°C'and at 40°% 1n hot air oven for half an

hour and the 1loss of acid determined. The results of this experi-
ment is shown in Table 3.3:

Table- 3,3:

Loss of vFA on exposure to 37° ana 40°% for
half an hour:

.—----ﬁ------ﬂﬁ-ﬁ-ﬂuﬁhﬂ-----'--ﬁ‘ﬁ—---n—--------—-ﬂﬁ-----

Temp.to which {No.,of { VT ole  (Percentage
exposed, fobser (Befors QAfter (loss,
B fvations jexposurefexposuref _____.______
37% 4 0.5 0.5 Wil
40°¢ 4 0.6 0049 2
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From the above table it was clear that between 32«37°C
there was no loss. The loss was only 2% even at the high tempee
rature of 40°. As such no percipitable error would arise from

this source,

Error due to exposure of rumen content:=-

The microbial population in the rumen are very sensitive
and any change in temperature, molsture and its atmosphere is
detremental for thelr normal thrive., As some amount of exposure
in air will invariably occur between collection and incubatlon,
it was necessary to find out the maximum time of exposure which
won't cause any effect on subsequent microbial activity.
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Rumen liquor from a rumen sample was obtained in the
Normal way. The beaker containing the rumen liquor was exposed
to atmosphere. 20 ml., of this liquor was taken in the incubation
flasks af'ter O hour, 15 minutes and 30 minutes and 1 hour expo-
Sure and the fermentation rate of each sample was determined in
the normal way in four hours incubation. The result is shown in
Table-3,.4:
Table-3,4:

Table showing the VFA produced on 4 hours incubation
of rumen samples exposed to alr for different periods,
(m,mole of 2c1d/1000 ml.of rumen liquor)

No.of {_ VFA produced
obser (No expo § 15 minutes § 30 minutes §1 hour
vationsfisure. § exposure, § exposure. {§exposure.

et T o et A sty T e i % e e e am T O D e G el e oY G 60

12 86,00 84,00 58,00 52,00

.....l.l.-."...0.."..........O.l.t.l.'..l..l'....!.

It is seen from the above table that no perciptable adverse
effect was observed even after exposure of the rumen liquoy
to atmosphere for 15 minutes, On statistical analysis it was
found that xkmie there was no.significant difference between
the VPA produced after immediate incubation and 15 minutes expoe
sure. Uneto-wards effects was observed on 30 minutes and 1 hour

exposed samples,

Error invelved in Chromatograrh¥cs separation:=

A Standard solution of all the three acids were prepared
in chloroform and a mixture of the three solution were prepared
in the ratio of 1:2:6 in CBy so that the concentration of 5 c.c,
of the mixture dld not exceed 150 mxmmias micromoles of VFA

which is guarded a safe load for the column,
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S e.c, of the mixture containing mm known amount of the
acld was used in Chromatogram and recovery of the each of the acids

was tested by the normal way. The result 1s shown in Table-3.5.

Table=3,5,

Table showing the percentage recovery of VFA
in Chromatograrhy.

el e R R g e —— D 0 e LS o e @9 -0 a9 oD am e e

ElautefNo,of§ N/200 Methanolic alkali {Percentage
frac- fobs, g Initial a Recovered greecovery.

tlﬂﬂ;-g__ __________________________________________ s
C'BO % 3.3 3.1 06
CBg 4 7e2 Tel 08
0320 4 18.0 17,9 o9

It is seen from the above table that the recovery of all the
thepe acids by chromatographic separation process amp adopted

in this work was nearly 100 percent in each case,

In‘ a preliminary trial run, the volume of elauwent, needed
to elaute completely the related acids, successive tmEnX{ABXWILIX
10 ml., of the élaute was titrated with alkall, The process was
continued till a particular 10 c.c. elaute showed no trace of
acid in 1%, The volume of CB, , CBg and CBy, to elaute butyric ,
propionic, and acetic respectively from the column was found

in these preliminary trials to be 80 ml., 70 ml. and 120 ml.

In experimental run, the process was shorten by coldkecting
bulk samples of 50 c.¢, in case of CB, and CBy and 80 c.c, in
case of CBpne and subsequent 10 c.c. samples till the reading

dropped down to blank value.

9ee



CHAPTER-IV!

INVITRO INCUBATION OF BAGASSE:

This part of the investigation was undertaken to dertermine
the extent of fermentation of bagasse by the cellulolytic

orgnisms present in rumen,

Effect of varying periods of incubation:-

The rumen Samples were collected from slaughtered gzoats
as described under material and method. An experiment was run
in which the effect of varving periods of incubation on bagasse
fermentation was studied to determine the total VPA produced
as well as the rate of production at different time interval,

In this experiment a zero hour control, was kept and rumen
liquor was incubated alengwith bagasse. The period of incubation
was 4 hours, 8 hours, 12 hours and 24 hours, The result is shown

in Table 4.1:

Tahle=4,1:

VFA produced on fermentation of bagasse at
different length of incubation.
(mM acid /1000 ml. of rumen 1iquor)

e el T e T L T ppp——

Period (No.of (VFA atf VFA after §VFA producedfRate

of incu-fobser {zero { incubationf fper
gation, fvationsthour § 8 Shour,
8hrs, 10 75.4 164.8 + 7 89,4 il
. 12 hrs, 10 75.4  168,6 + 7 93.2 Rotd
24 hrs, 10 75.4 177.4 + 6 102,0 4,2

The above table indicates that the maximum VA content was

on 8 hours of incubation. A steady range xm of VFA was maintained
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maintained throughout uptoe 24 hours of incubation,

In the table the rate of fermentation at various time
pPeriod has also heen indicated, The rate of fermentation
was maximum in 4 & 8 hours of incubation. The fermentation
rate decreased between 8-12 hours and was minimum in 24
hours, The rate in respect of incubation period is ree

bresented graphically in figure-2,

Fermentation of bagasse:

Several experiments were undertaken in which the fermene
tation of rumen lhquor alone, fermentation of bagasse with
rumen liquor and fermentation of bagasse in presence of gluco-
Se were studied. The result is shown in table 4,2

Tab 19“'40 2

Result of incubation of bagasse for 4 hours with differe
ent added substrate (m.moles of VFA/1000 ml.of rumen

liquor)

Sources fNo,of s BH VFA produced § Rate per houp

~ (obser- {Rveragef Range (| Average { Range
ﬁa--cd----ggégzgggg ------------------ g— ---------- Q.- -------- S e
From rumen +
liquor, 15 23.4 =4.,4 4.62 5.7 20.89 1=-15.5
From Glucose. 14 32,0 $6,6 12-56 8,0 X150 3.14.0
From Bagasse. 18 39,0 $5,4 6292 9.8 21,60 1-26,0

Brom bagasse
in presence of ‘
Glucose, 10 36,8 10,6 3,120 809 10,6 3230

------ﬂ--n---u—-ﬂ--ﬁ----—-m----—o-----------ﬁ------u SeoooseseO@ees

From the table it appears that bagasse is well fermentable,
Rumen liquor alone on incubation yielded 23,4 m.moles of acids

whereas VFA produced on fermentation of bagasse was 39,0 memoles,
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This high VFa production out of bagasse clearly suggests that

the organic nutrient in it are well fermentable,

Effect of addition of Glucose:

Although bagasse contains 48% NFE, it was thought worth
While to study the effect of amiwhak soluble sugar on the rate
of fermentation of bagasse, The effeft of added glucose to

fumen liquor served as control, The result is shown in table 4.2,

It is seen from tﬁe table that rumen liquor alone produced
23.4 m.moles of VFA on fermentation whereas on fermentation of
glucose 32,0 m.moles of acids was.produced. On the other hand
39,0 m.moles of acids was produced out of bagasse fermentation,
It indicates that 0¢5 gm, of bagasse produced almost equal amount
of VFA as from 50 g mgm, of glucose, The VFA produced from bagasse
in presence of glucose was calculated by substrating the VFA
produced on fermentation of rumen liquor with glucose from that
produced out'of rumen liquor, glucose and bagasse and was found
to be 35,8 m,moles, which is in close agreement as that foungd

without glucose,

Therefore, the VFA produced from bagasse with or without
glucose were found to be 35,8 angd 39,0 m,moles respectively,
The addition of glucose to bagasse, however, had no significant
effect on the fermentation of the later, perhaps due to availabie

lity of sufficient soluble sugar from bagasse itself,
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Rate of fermentation:

The rate of fermentation of bagasse with or without glucose |

was calculated from incubation results, It is shown in tahle 4.2
From the table 4.2, the fermentation rate for incubated rumen
liquor was found to be 5,7 m.moles/ 1000 ml. of rumen liquor
whereas rate of bagasse as well as for glucose was in the order

of 9,8 and 8,0 memoles respectively., The rate of fermentation

of bagasse in presence of glucose was e2a calculated to be

8¢9 m,moles, which, however, did not show any beneficial effect

of the added soluble sugar on the rate of fermentation,

The range of the rate of production of VFA per hour per
1000 c.c, of rumen liquor has also been indicated in table 4,2,
It shows that there was enormous fluctuations in the rate of
production between samples, The range for the rate for rumen
liquor was found to be 1-15.5 m.moles per hour and 3-14.0 m.
moles was the range for the glucose, Wide fluctuation was noted
for bagasse in presence and in absence of glucose which were

3-30,0 and 1-26,0 m.moles per hour respectively.

Eermentation of bagasse by rumen ligquor drawn from fistulated goat:

—----—------—---——--—_--n--—-—--—----u-----—--—a—-----_--—----.-----

With a view of compare the rate of prbduction of VFA
from 'inevitro® fermentation of bagasse by more physiological
rumen Samples with that obtained from samples from slaughtered
goats, fermentations experiments were undertaken with rumen
liquor from a fistulated goat maintained on wheatbran, gram

and green leaves, The individual VFA was not separated but k2
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but the total acid production was estimated. The result of the
finding is tabulated in table #x€x 4.3,

Table=4,3

Rate of production of VFA from bagasse with samples
drawn from fistulated animals on 4 hours incubation.
(m,moles of VFA per 1000 ml. of rumen liquor).

e el e —

Sources. §No,of fVFA pro-{_ Rate per hour

L A fobs, fduced, § Average _ { Range. _
Rumen liquor, 4 25,2 6.3 2 0.7 5=8,5
Bagasse, 4 43,0 1037 0.6 905-12,0

The total acid produced on fermentation of rumen liquor
was 25,2 and hence the rate was calaculated to be 6.3 with
a range of 58,5 m.moles, On the other hand the VFA production
of bagasse fermentation was 43,0 m.moles, The rate was determi-

ned to be 10,7 with a range of 9.5 to 12,0,

Comparing the table 4,2 and 4.3 it was found that the
rate of bagasse fermentation did not differ materially within
the samples from slaughtered animals and fistulated goats, The
rate was found to be bit higher in the latter case, The
fluctuation in the rate as seen from the range is rather wide
in cases from slaughtered goats whereas tha range was noted

to be rather narrow in the samples from fistulated animal,

Composition of VFA produced on fermentation:-

The individual fatty acid produced on fermentation were

analysed and the percentage composition oB the three acids viz.
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acetic, propionic and butyric acids present at zero hour, on

4 hours of incubation and produced with the addition of bagasse

have been shown in table 4.4

Table=4,4

Ingividual fatty acids obtalned under different conditions:
(Expressed as percentage):

-—-----—-------——-—---u-----—-.-n———------------n—————-——----———--—---.

Material (No,of{ Acetic § Propionic § Butyric
fobs, fAve- { Range fAve- (Range § Ave«{Range

.......... e reget 0 L Qreged .. . Qragel .. =0

Uneincubated '

ruﬂlen liquoro 5 68.9 68-3-69.8 16.7 15.8'17.5 1434: 12'8-15.6

Incubated

rumen liquor. 4 69,7 68,7=709¢1 16,2 15,2-16,8 13,1 11,8-14,3

Rumen 1liquor
with baggase, 5 66,4 65,1-68,3 23,5 23.1-23,8 10,1 7,7=11,2

The table 4.4. above indicated that the proportions of the
3 aclds did not change much within the samples.and between tke
first two treatments s=zx viz, Incubated and uneincubated rumen
liquor,

On the other hand, the samples containing bagasse showed
a higher amount of proplonic acid and a little fall of butyris

acid but the acetic acid composition remaining almost the same,

It is interesting to find that the percentage composition
of VFA in the rumen liquor obtained from slaughter animal did
not materially differ from that of the acid produced from its

finevitro®! fermentation,

A probable reason for this agreement may be found in the
fact that both the 'lpe-vitro' and 'in-vivo! fermentation pattern

could be similar to a great extent,
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The rate of production of individual fatty acids from
bagasse was calculated, The result is shown in table 4.5

Tab16-4. 5 °

Rate of production of individual fatty acids on
fermentation of bagasse.(m.,moles of VFA per 1000 ml.,
of rumen liquor).

T D D S S S D D S SN T S e D D G e D e e G T e D G G e S e G e G S e O e

Acids Tg§a1 VFA p:fduceg ip §VFA producedfRate/
f{Rumen liquorf{Incubated erom bagassefhours
(& bagasse., {rumen 1iquorf ]

el i e e O ED 60 65 T8 a5 G5 G e e D OO ED 65 6D e 6D e O

Acetic, 78,4 54,37 24,0 6,60
Propionic, 27.3 : 12,63 1bs 1 377
Butyrico 11,9 10,20 1.7 0042

The total VFA produced obtained from totalling the three
acids is fEh? memoles per 1000 ml, of rumen liquor which agrees
very well with that'or.the experimentally observed total VFA
production of 39,0 m.moles (Table-4.2),

The amount and the percentage composition of the
three acids produced from fermentation of rumen liquor as also
from bagasse were calculated and the data presented in table

4.6, Table=4,6

Composition of VFA produced en Incubation:

Lttt Ry e L T Tk R apppr—

Material gAmount of acid(m.mole Q Percentage composition,
per 1000 mlo)

i L_é..---L-E---L--@---ﬁ---é---.ﬁ. ..... IR e B 29

Incubkated

rumen

11 gquor, 10 .27 1093 1.00 7700 14062 7.70

F'rom

bagasse, 24,00 15,10 1,70 58,80 37.00 4,20

D T e 50 S D S S G T D ST D D D e e S S TS O e e e DY D S A S D O P D S e e S e e S S e S e e O S e e



From The table 4,6 it appears that the rumen 11quor'on
incubation for four hours produced 77 percent acetic,
14,6 percent propionic and 7,7 percent Busyie butyric
acid, whereas the fermentation of bagasse in percentage
Composition of the acids are acetic58,8 percenty propinice.
37 percent and butyric acid-4,2 percent, Propionic acid
Concentration was much higher on bagasse fermentation at
the cost of both acetic and butric acids. No data for the
percentage composition of the acids produced from fermeﬁta-
tion of glucose by rumen liquor was obtained as this point

has no direct bearing on this work,

2200
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PIGESTION TRIAL

Digestion trial was conducted in Jamanapari goats (male)
to determine the nutritive value of the different organic

nutrients present in bagasse,

The trial was conducted in four sets- In the first set
the animals recived low level of proteiny in the second set
the animals received 12 grms. of digestible protein which
was presumed to be sufficient for maintenance, In the third
and fourth sets, the animals were given some molasses along
with the concentrate which was 10 gms. and 20 gms (On fresh
weight basis) respectively. Common salt was added to the ration

half ounce per head per day in all the sets,

In the first set of the experiment, the animals were
kept on 55 gms, of gram and bagasse adlib., and the collection
period was for 10 days,

The result of the first set of trial is shown in table
5.1,

From the table 5.1 it is seen that the digestibility
coe=efficient of the dry matter as well as other nutrients is
fairly high, Individual variations in the digestibility were

also noted.

In the second set of trial, the animals were given 88 gms ,
of gram and bagasse adlib. This was expected to supply 12 gms, of
digestible crude protein which was sufficient for the maintenance
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of these animals on the basis of Morrison's standard assuming
the DCP and TDN requirements to be 9,06 1lb. and 0.75 lb.per
100 pound body weight. The collection period s in the second

set was for 7 days. The result of the 2nd trial is shown in
Tah19—5 e 2 o

TablB-S. 1
Data of digestion trial of bagasse with low protein
intake. ==
Nutrie;tﬁAniﬂ Intake in -QExcreted fAmount {Digesti § Average
: fmalf sy fin gms, fdigestedibility §digestie
§ (Baga {Gram (Baga {Gram §from ba=fco-effi §bility,
it eSS Y aee 0880 0 lgasse, _focient. § ______

Dry matter 1 167.38 50,00 58,18 20,00 109,20 - 65,00

2., 156,49 50,00 73.75 20,00 82,74 52,00 § 61,6
3, 135,77 50,00 43,48 20,00 92,29 67,90 |

‘C.F‘ 1. 62.85 5.00 21099 2.00 40.86 65.00
2. 58,76 5,00 26,51 2,00 '32.25 ¢ 54,00 ﬂ- 61,3
3, 50,98 5,00 17,44 2,00 33,54 65,00 [

NFE, 1l 81,61 31,09 31,85 12,80 49,76 60,90
2, 76,30 31,09 41,47 12,40 34,83 45,60 56,7
3, 66,20 31,09 23,96 12,40 42,24 . 63,70

EE, 1. 2,58 2,11 0.79 0,34 1.78 68,90
e .. 241 2,11, 0,97 0.34  1.44 59,80 64,7
g8 2,00 251 0,72 0.34  1.37 65,50

Total 1, 144,46 §SRx- 53,84 = 90,62 62,70

carboshy- 2, 135,06 e 67,98 - 67,08 49,60 59,0

drate: 3, 117,18 - 41,40 e 75,78 64,70

N.Bss= Dry matter and crude fibre digestibility
of gram were assume to be 60 percent and other values were

taken from I.C.A.R. Bulletine No.25 by Sen (1952).
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Table=5,2,

Result of second set of digestion trial:

Nutrientf§Ani ﬁIntake in § Ex€reated ﬁAmount {Diges fAwe-

(mal §gms, Bin gms, fdiges- ftibi- {frage

] {Baga ( Gram. {Baga fGram ({ted fr {lity. fdig,
________ l_---!§§§a___l_-_----1-&-;--_i---___Q-QB-IBliCQ*fo-iQQQEf-
Dry

matters 1, 199,70 80,00 71,50 32,00 128,20 64,00
2, 188,30 80,00 63,12 32,00 125,18 66,00 63,5
3, 120,70 80,00 45,75 32,00 75,13 60.50

Total 1, 172,39 o 69,70 o 102,69 59,70

CHO,
2. 162t51 - 59905 L 103.4.6 63.60 60.4
3. 104013 Lo 43066 = 60.47 58010

COESETED RS S e e e S DD D D S S S S D D O D S S e S e e e D S S D S5 G e S e D D OO T ED D e S5 e oSS e B e D e e 0D &S

NysBs:= Dry matter and crude fibre digestibility of
gram were assume to be 60 percent and other values are taken from
I.C.A.R.Bulletin No.,25 by Sen (1952),
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From tables 5,1 and 5,2 above, it was found that the dry
matter digestibility was 61,6 percent on the average'in the 1st
trial, The values for crude fibre, N,F.E, and E.E. and total
carbo=hydrate were 61,3 y 56,7, 67,7 and 59,0 respectively in
the 1st trial wWereasy, in the 2nd set the digestibiliiy of dry
matter, crude fibre amid, N.F,E., total carho-hydraté and E,.E,.
was found to be 63,5, 62,8, 58,0, 60,4 and 71.6 respectively,

On comparison between the two sets of trial from the abowe
tables, it was also found that the digestibility of all the
nutrients including the dry mattery, in the 2nd set of trial
tended to show a slight increase from that of the 1st set. On
further calculation it was found that the digestibility coeefifi-
clent of crude fibre, NFE and total carbo=hydrate improved by
2.4y 2.2 and 2,3 percent respectively, whereas the value was

as high as 10,6 percent in case of ether extract,

Whether this improvement of digestibility was due to

excess of protein or some other factor was not investigated,

The digestible nutrients as calculated from the trial is
shown in table-5.3 and 5.4. [of the 1st and 2nd set of trial

respactivelyéj
Table=5.3,

Digestible nutrient of bagasse:

-eeo-1 _C.P,_§CarbohydratefEther extracti {. T DN, =
i - 53,00 2,38 55,38
2. - 42.52 2.07 44-59 52.54
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Table=5,4.

Digestible nutrient of bagasse as calculated
from second set of trial:

-—----u-ﬂ-----dﬂ-—--------—--——--—--n-u-—-—-——---ﬁ--—----—-——.

Animalf Digestible nutrients in 100 g, §fT D N, § Average

..__-__L-Q.B.-Lcarbpb!dagte-i&har-extr&gﬂ__..-__..!-T-D_H.-__
% - 50,87 2,38 53,25
2, - 56,66 2.67 59,31 55,00
s s 50,07 2,38 52,45

The average TDN of hagasse was calculated to he 52,54
from the 1st set of trial (Table=5,8) and was calculated to he
55,00 from the 2nd set of trial (Table-5.4),

The effect of addition of molasses on the utilisation
of crude #x fibre have been studied in the 2nd set of trial, In
this case the animais received 88 gms, of gramy 10 gms., (fresh
weight basis) of molasses (5% of dry matter consumption,taking
200 gms., as the average dry matter comsumption per day) and
bagasse ad adlib, In this set only the digestibility of crude
fibre was determined, The average intake and outgo of crude
fibre as well as the digestibility coeefficient is shown in

table=5,5
Table=5,5,

Data of digestibility of crude fibre of bagasse with
10 gms. (fresh weight) of molasses,

---------ﬂ-----ﬂ—---q—--u-—---—p—--ﬁ—--‘—--m--‘--------”--.

Animal{Intake § Excreted § Amount {Digesti- fAv.diges-

Saeodems). - lCeysy- . - !Qiggazeéﬁbili§x;999£=!§;hllitx--
1. 78.19 22,31 55,88 71,00
. 53,97 19,77 34,20 63,00 68,6

3. 58,57 15,99 42,58 72,00
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It is seen from table=5,5 that the addition of molasses
has improved the digestibility co-efficient of crude fibre .
The digestibility co-efficient of crude fibre increased %o

68,6 from 62,8, which 4s an increase of 10,64% over the
2nd set of trial,

The reason for this beneficial effect of addition of
molasses may be due to the readily available source of energy

from it (Soluble sugar) for the rumen micro-organisms,

The effect of further increase of molassas on the
digestibility of crude fibre of bagasse was studied in the
last set, In this set, the animals received the same amount
of concentrates as that in the 3rd set but the molasses
consumption was increased to 20 gms. The result of ‘in-take

and out-go of crude fibre from bagasse is shown in table<5,6,

Tah19-5 .60

Data of digestibility of crude fibre of
bagasse with 20 gms, of molasses,

AnimalfIntake in§ Excreatedf DigestedjDigestibie I Average

------95@5:._----!-29-59.%.-.--!---------21»53!-99:922;!9189.8.2;
i 73.48 31,88 41,60 56,00
e 734656 29,13 44,52 60,00 58,30

3. 49,35 19,94 20,41 59,00
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The digestibility of crude fibre as seen from the
Table=5¢6 was found to be diminished in all the three
animals, The digestibility was 62,8 in second set whereas
it was only 58,3 in the fourth set. Thus, it was found that
addition of 20 gms. (fresh weight) of molasses reduced the
digestibility coeefficient of cruds fibre by 5,9% . This
reduction may he due to excess of soluble carhoshydrate
which would he attacked by the microeorganisms preferentie
ally to the crude fibre of the diet.

However, the effect of added molasses on the digestie
bility of crude fibre needs further and fuller investiga-
tion before any firm conclusion on the lines suggested

above could be drawn,



CHAPTER- VI

Estimation of VFA:

As the ruminal fatty acids are volatile and the room
temperature is generally high in India, in the direct steam
distillation method of Elsden et.al. (1946), some of the
fatty acids may escape condensation or be lost by evaporation,
It is probable that this method may not work as efficiently
as in the West due to high tropical temperature,

Keeping this in view, a modification of the direct method
was tried as a preliminary part of the work, In this modifie-
cation, a system of back titration was introduced, A known
amount of standard alkali (NaOH) was taken in a beaker and
the collecting tuhe of the Ccondenser was dipped into the
standard alkali, After the collection of about 150 c,c,
distillates, the excess of alkali was titrated against stane
dard acid solution, From the difference, the VFA aboserbed
in the alkali was determined,

This modified method, when used in recovery test proved
to be an utter failure, It always gave high recovery irrespec=

tive of the indicators used in the titration,

The reasoms for the impracticability of this modified method

are innumerated helow.
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NaOH being strong alkali, will absorb COg from the atmose
phere in course of distillation and thereby some of the alkali
will be mu neutralised even in the ahsence of VFA, This error
can, however, be eliminated by using methyle orange or bromoe
Xhymm phenol blue instead of bromo-thymol blue as indicator.
However, the methyl orange and bromo phenol blue having the
PK 3.7 and 4.0 respectively, cannot be used in VFA titration
due to the fact that Sodium and Potassium salts of fatty acids
are alkaline in reaction and as such the end point of VFA
titration should be in the alkali range.

This point was further ma¥rifimd clarified in the followe
ing point. To 5 c.c. of N/10, NaOH sy 5 c.c. of N/10 VFA
mixture was added, using different indicatas. The expectations
was that these two acidealkali reaction will neutralised
each other and as such no further acid to be added to haye the
neutral point., But, actually it was not so, It is shown in
the table-6,1,

Table=6, 1

NaOH and VFA titration with different indicatas.

et e P —— et e o e e e

ml,of N/10 § N/10 VFA {Indicator used.{N/10 acid required
NaOH used. § added(ml.){ X to produce

{ i facid colour of the
CoL T TR SRRl o] findicator, _____

S c.c. 5 CuC, Methyle orange. 5.0 C.Ce
b c.c. 5 c.c, Bromo phenol Blae. 4.3 c.c,
5 c.c, S c.0, Bromo thyihol Blue, 0.l c.c.

D OE S e e e OSSR S0 e e S S o S5 0 G0 O S S e o 5 S O G0 S5 e 6 G0 O 00 S S e e S B0 A S G 0 e £ E 3 e e
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The table 6.1 indicates that additional 5 CeCoy 403 CuCo
of N/10 acid was required to have the acid colour when methyl

orange and Bromo phenol blue were used respectively,

The tit;ation with indicators paving PK in the acid region
will invariably give higher and misleading value, Although it
may eliminate the error from absorption of carbon dioride from
atmosphere, It may be mentioned here that the error from
COo absorption by the msmax¥ usual direct titration method will
be negligible because of the vary low solubility of CO2 in

acid solution,

Anaerobiosis of incubation flasks:

Maintenance of anaerobic condition in the incubation
flask is of paramount importance in the *in-vitro' studies,
This particulap point was studied and was found to he qubte
satisfactory in maintaining anaerobic condition in the flasks
by the COg generated in Kipp's apparatus, 20 ml. of water was
taken in the 4 incubation flasks which were connected in series
with Kipp's apparatus. The extent of khks displacement of the
air of the flask by COg'was ascertained by noting the change of
pH of @ater in the flask and as also by the effect on a lighted
tapper held at the end outelet, The table-6,2 given below
will speak for itself.

The saturation point of COo in water of the flask or
its minimum pH, indicated complete expulsion of air from the
flasks by COg which were attained in 5 minutes when taken



65,

singly and after 15 minutes when 4 were in series. When further
tested with a lighted tapper, it was found that it extinguibhed
after 3 minutes from the 1st flask, 5 minutes from the 2nd
8 minutes from the 3rd and 10 minutes from 4th and it took

15 minutes when all were connected in series.

Iﬂbleﬁe 32 °

Effectiveness of displacement of air of the
flask by COg.

D D S S B5 e s e e e O S s 5 D O O D D D D D 0 e s S O a0 OP G0 O S D e e O D o O e e D e OO e

Flask No.g Specification §InitialjFinal pH{Effect on

o N e AP §________1lighted tapper
I. Flasks connected 7.8 5.8 Tapper exe
in series and COo tinguished on
vassed for 15 15th minute.
minutes,
II. " 2 " 5.8 n
III. 1] " 6.0 "
Iv. " ] 5.9 11}
; 1, COo passed for § 7.8 5.8 Tapper exe
I minuteso tinguis ed.
I.& II, Connected in 7,8 508 Tapper
series and CO2 : extingui-
passed for 10 shed,
minutes,

D 00 e G o e D 0 N e e TN O T S S S D D D N 0 S e O S O S O O S S e S S e e SR e B O O S e S e e s e

Buffering effect:-
1 In 'ipnevitro' studies an optimun pH should be maintained

by means of a suitable buffer so that excess of VFA produced
on fermentation do not inhibit the bacterial activity, The
buffer used in the present work was M/2 phosphate buffer having
pH 6,6,

£
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The pH was 6,6 when 4 c.c, of these buffer was i added
to 20 ml, of rumen liquor. There was a change in pH on 4 hours
of incubation. The changes in pH under various conditions

of incubation have heen shown in Table-6,3,

Table-6,3

Chanage in pH on incubation for 4 hours with 4 c.c,
of M/2 buffer (pH 6,6,)

.-&--------n--“----—--o--——-—-—-—---u----———-—--------

Incubated i Rumen 1iguorf§Rumen liquor{Rumen 1iquor
rumen liquorfwith glucosefwith bagaseejwith bagasse &

I . fglucosee ...
6.6 5065, 6,1 5.8
(6i9'605) (509'604) (506"‘605) (503'601)

Figures within brackets indicates the
Range and the other one is the average,

From the table it is seen that the PH changed towards
acidity, The maximum fall in PH was noted when the rumen
liquor bagasse and glucose were incubated, It was also noted
that £3x fald in pH was always associated with increased VFA
content, The fall of pH upto 5,8 should not arrest finevitro?
Termentation since a PH of 5,6 is of common occurrence in
the rumen content of animals (Pfander & Phillipson,1952),
Therefore it can be said that the amount and the stregth 6f
the buffer used prevented a sufficient fall of pH to he
dntttark deliterious for rumemi ruminal fermentation,
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Composition of bagasses

The composition of bagasse as per analysis done in
connection with this work is in agreement with those of
Ccommon straws available in this country. No data, so far known
to the author, is available regarding the composition of this
material., A comparative chemical composition is shown %m here
in Table-6.4.

Tahle-8,4:
Table showing the composition of straws as
compared to bagasse( Percentage composition
on dry matter bhasis),

--QHW------—ﬂﬂ-‘ﬂ-‘ﬂhﬂ&ﬂ-ﬂ---"ﬂ--—-ﬂ-“ﬂ----'ﬂﬂn---

Name ___ fReference, f Ash §CF ¢ NFE§CP § ER

Wheat

straw, Sen et.al.. 10.2 39.4 47.2 2.7 0.47
(1042)

Rice Chatterjee 12,1 32.9 50.7 3.7 0.96

straw. (1939-40)
Bagasse. - 2.07 37.55 4B,76 1.25 1.54

TP D S A5 D 50 69 6 S S0 I D 5 S0 69 @) €O £ OG0 00 OF §5 5 65 85 oo a5 & had Ll ol DT LR R A -

The above table indicates that the organic material
present in bagasse is more or less the same as that in other
straws, The bagasse itself contains very 1little amount of |
total ash, The high NFE content may perhaps be due to income
plete extraction of sugar in country processiag. The percen-
tage of reducing sugar in bagasse qu'determined and found to
be about 1% on dry matter basis., The coldwater soluble consti-
tuents as determined in connection with the present work was
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found to be more than 20%, As the total ash content of the
material is only 2.07%, this water-soluble portion may re-
present a part of soluble sugar. The work was left at this
Stage and no further investigation was undertaken. If the
assumptions made above hold good, then there is a high pro-
babllity that 38-40% of NFE comprises the soluble sugar,

DIGESTIBILITY CO-EFFICIENT OF BAGASSE:

Comparative data for straw:

The digestion trial in connection with the work
were undertaken by using goats as experimental animals,
Comparatively few digestibility trials have heen made with
goats, sush data as are available suggest that there is little
difference between goats and sheep (Mazumdar,1960), Das Gupta
(1940) did't noticed any difference in digestibillity of cow-
haifafs and buffalo-heifers, The nitrbgen metabolism in milch
cows and buffaloes did not differ as recorded by Singh (1933).

It is probable that the digestibility co-efficient
of feeds should differ within species of animals. The result 6=
obtained from trial with bovine may not represent identical
picture for ovine and caprine, A few digestibility data carried
out in sheep and goat have been shown here in table-6.5.

Table=6,5.

Table showing the digestibility coefficient of some
feeds in sheep & goatss

-'-_-—----‘-------D------ﬁ-----ﬂ---’-------- ----- bade ol L L T

Food. _______8___Specles §_ __CF { NFE _§ _EB _§_ __CP _

Grass mixed, sheep 69 71 60 74
Goat. €6 79 64 70

Meadow hay. Sheep. 62 64 52 60

Goat,. 62 60 53 52
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In the present work the digestibility co-efficient
even in low level of protein was found to be rather high as
Compared in table 6,5 (Data adopted from "Animal Nutrition
and Veterinary Dietetics",1960 by J.T.Abram & ReG.Linton=
page-694), The data obtained by other workers on cartain
Common straws carried out in cattle have been shown in
table-6,8 to compare the values obtained in present work
with goats. '

; Tahle-6.6,

Digestibility co-efficient of some straws as compared
to that of bagasse:

.--“~.~---------'“ﬂ----ﬁ---------U--ﬂﬂ“--'-----”----.

Feeds, {CP § EE § NFE ﬁTotalgTDN :Reference

R e WO e (S R S S
' (1942),
Ricestraw, 67.9 55.1 40,2 = 46,0 Chatterjee
(1939-40)
Bagasse, 62.8 71,8 58,0 60,4 55,0 -

---ﬂ-—-'ﬁ---ﬂ-l’ﬂ----Qﬁ-w---ﬂd‘---u----unn-ﬁ---n-t------.

The kmhmx table 6.6 above reveals that the digestibility
co-efficient of all the nutrients in bagasse is similaw to
those of straws in cattle for all the constituents., The IDN
is slightly higher than that of straw.

A point to be noted that the dry matter consumption was
about 1f as compared to the usual 24 consumption in cattle,
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Bffect of addition of molasses:

It is an established fact that the soluble sugar in
small amount furnish available source of energy to the microe
organism in the rumen and the bacterial population is thus
increased , resulting into improved utilisation and break down
of crude fibre. But if the ration emwkmmt contains enough of
Soluble sugar, then the utilisation of crude fibre is hampered
as the microbes attack the soluble sugar yrafem preferentially
to crude fibre. Commonly, molasses is used as a Source of
SoRuble sygar in feeding livestock for this purpose. Too much
addition of the material is not physiological so far the

digestion of crude fibre is concerned.

In the present case the bast utilisation was obtaine
@d when the total molasses added to the ration was only 10gms.
(fresh weight). The normal value of the digestibility of crude
fibre was assumed to be 62,8 from the 2nd set of trial eas
in this trial it is presumed that, the animals received 12 gms
of DCPy which was sufficient for maintenance. The addition of
molasses increased the digestibility to 68.6 from 62.8, Experi-
ment on the other hand indicates that EBR digumskimn the
addition of 20 gms, (fresh weight) of molasses impaired crude
fibre digestion. In this case the digestibility of CF was
reduced to 658.3 from 62,8,

It has heen reported hy various workers from time
to time that addition of molasses in the feed of cattle &
sheep reduce the digestibility of protein as well as all other

]
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other nutrients including CF. But the beneficial effects

of addition of small quantities of molasses have been reported
by Morrison (1959), Workers in the Missouri as well as in
other places (cited by Morrison,1959) have reported increased
digestibility of protein and éll other nutrients including

c¢rude fibre due to addition of small amount of molasses,

A point to be noted however, is that the total
NFB intake was not materially increased by the addition of
10 or even 20 gms., of molasses as the NFR contributed from
molasses on rough estimate would not exceed 4 & 8 gms respec-

tively while that from other ingredients were 132,7 g and
132,1 gm zeseekixedvx .

Nutritive Ratio:

The nutritive status of the animals in 1st.& 2nd

set of experiment have been shown in Table-6,7.

Table-e L] 7

Table showing the N,R. of the ration used in
two sets of trial,

----ﬁ--‘n-—--n--—--—-ﬂ-—-- uu-——-—n-ﬂ-----a----‘-n--ﬂn--u-------—

Set .fAnimal§ D.C.P. {§ TDN §Total {Total § N.R.
§ s s §DCP § TDN 6
--_-..!........_.ﬁ.?.-.-!--ﬁ--.ﬂ.-?...-!--..9--.‘2999%@9@9.995.8.9@99!-_--__

1st. Lo = 7.16 87,95 41,00 7.16 128,95 17.0

2, - 7.16 82,23 41,00 7.16 123.23 16,2
3. - 70 16 71034 41.00 7- 16 112.34 14.6
2nd. 1. - 11.46 109.83 65,60 11.46 176,43 14.3
2- o] 11.46 103'56 65060 11.46 1690 16 13.7

3. - 11,46 66,38 65,60 11.486 131.98 10.5
N.B:= B- for Bagasse and'G’ stands for Gram,
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It will be Seen from the ahbove table that in the 1st j
set of experiment, the animals were kept on a very wide range |
of NR of 1316.6, while in the 2nd set it was 1:12.85 which

compares favourably with that of 13110, 1:12 in case of mainte=
nance in cattle. |

The maintenance requirement of digeséibiiisy digestible
crude protein was calculated to be 12 gms. on the hasis of

recommendation of Morrison for cattle at the rate of zmym 0,06

1b. of DCP per 100 1lhs. live welght, It will he seen, therefore,

that the animals were receiving this amount of protein in all
sets of experiments excepting in the fask 1st set in which it
recelved only 7 gms of digestible protein.

The TDN requirement was calculated to be 162 gms. on the
basis of recommendation of Morrison for cattle at the rate of
0.76 1b per 100 1bs liveweight, It/;:an ther8fore , that the
animals were receiving this amount of energy in all sets

excepting in the first one.

Palatibility:

The feed consumption is largely dependent on the
palatibility of the feed. The animals comsumed mearly half a
pound of dry matter per head per day which works out to he
Jittle above one percent as compared to the usual 29 level
in cattle.

The dry matter consumption per head per day in all |
the 4 sets of experiments have heen shown in Table=6,8, i
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Table showing daily flood consumption on different
sets of experiments( Expressed on dry mattey
basis in gms,)

D D 5 e WD e 0D e e e e e kb il L el el R DT T T T e e —————

Ani-@CGram §Bagasse §Total dry§ Bodywelght{Food § Av,food
mal.f§consu-) consumedfmatter § of animal §consumed { consume
med., § jconsumed.§ in 1bs, fin gm/1001b §ption in
g § § § {body weight.§gm/1001b,
L T (LR ST vy
ist_sat,
I;LL. 80 167.4 217.4 42 510
2. 850 156,85 206,85 42 490 800
3. 50 136.8 185,8 37 500
| 2nd Set,
1. 80 199.7 279.5 42 670
2. 80 188.3 268,3 42 640 fi% 616
3a 80 120.7 2007 37 540
3rd set,
1. 80 20843 288,3 42 690
2e 80 143,.8 223.8 42 830 616
3. 80 155.,9 235,9 37 630
4th set
1. 80 195.7 276.7 42 650
2. 80 196.2 276,2 42 650 623
3. 80 131.4 211.4 a7 570
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The animals having an average body weight of 50«80
lbs, ahbuld coms' me ahout 1#2 1bs of dry matter per head per
day. In the present case the animals consumed less than half
@ 1b of dry matter for 40 1bs body weight (Average weight).
For the maintenance of normal physiological function of the A
organisms_a things are essential. These are Protein, energ&
and bulk, The animals receiving diet of.tha 1st set of trial
shoﬂed an average decrease in hody weight of 4 1bs per head
in 30 days, This was naturally due to less protein, energy
and the bulk. At the end of the 2nd twial, the animals showed
a further loss of one 1b in hody welight per head in course of
the next 15 days,

Bffect of period of incubations:

The effect_of period of incubation on the'VFA produce
tion rate of bagasse was studied, The wate of production of VFA
was determined at 4 hours, 8 hours, 12 hours and 24 hours of
incubation, The rate was found to be decreased as the period
of incubation was increased. The rate of production of VFA
was estimated to be 11.3, 11,1, 7.7 and 4.4 m.moles/per 1000
ml.of rumen liquor on 4‘hours, € hours, 12 hours and 24 hours
of incubation respectively.This findings is in close agraeement
with those of @ray and Pilgrim (1952). Gray and Pilgrim incue
bated powdered whmakxmmixhayx wheaten hay by rumen liouor from
a gheep fed on the same diet and observed a-rate of 6 m.moles
at 4% hours, 7.1 on 7} hours and 3.6 m.moles on 194 hours of
incubation, The rate of fermentation in our case 18 pathep

high as compared to the data but it definitely follows the same
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same trend. The maximum rate was cbtained on 4 hours of

incubation and this rate was maintained upto 8 hours and

after that the rate fell off gradvually to 7.7 on 12 hours

and 4.4 on 24th hours of incubation, Gray et.al. also
paximum :

found the wiwimmm/rate of production on 7% hours and

on 19% hours the rate was found to he minimum,

The solid matter in our incubation flask, though not
determine, was known to be very small because of the straining
of the rumen content., The Rukxmungxaffalling off of the
'dn-vitro' rate may be due to either lack of substrate or
lack of optimum 'in-vitro' condition or due to both in long
reriod 51‘ incuhation,

Rate of production of VFA: in 'in-vitro's

The rate of production of VFA was calculated in 'in-vitro’,

The average rate of production of VIFa fyom rumen liquor used
from slaughtered goats was found to be 5.7 whereas from that
of the fistulated gxm& goat was found to be 6.3 m.moles per
1000 ml. per hour., The total acid production on average from
bagasse in presence of glucose on 4 hours of incubation from
samples from slaughtered goats was found to be 35,8 m.moles,
the 39 m.moles of acid were produced when bhagasse alone was
incubated, 43,0 me.moles of acid was produced out of hagasse
fermentation from sawples from fustulated yum goats, Thus,
36.8 and 39.0 m.moles of acid were produced on fermentation

of bagasse in presence and in ahsencé of glucose respectively.
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On the other hand 32.0 m.moles of acid was produced when
slugg:; :ill:no was fermented. The rate of production of VFA
in/cases viz. fermentation of bagasse and glucose proceeded
in the same rate. 'Our findings in this respect indicate that
bagasse was fermented as fast as that of glucose., The rate of
fermentation of glucose was found to he 8.0 m.moles per hour
whereas rate of bagasse was 9.8. The rate of production of ae#i
a'cid on fomeniation of bagasse in presence of glucose was
8.9 m.moles which, however, indicated that the rate of produc-
tion of acids was not imperoved due to addition of glucose.
The rate of bagasse fermentation was found to be 10,7 m.moles

from samples from Sxmughkaemix fistulated gmxix goats,

Data in the present work compared favourably with those
obtained by other workers from Steer & Sheep which 1s shown in

table-8,9 °
Table-ﬁ.Q °

Rate of production of VFA in 'in-vityo! fermentation
of rumen content with various materials as compared
to bagasse on 4 hours of incubation,

-------.---‘---ﬂ---*--”‘---------‘------------ﬂ------. bl 2 211 T

Materials § Rate /hour § Reference
Whole rumen content from hay fed Carrol &
steer, 11.8% Hungate(1954)
Rumen liquor from sheep fed on Gyay & Pilgrim
wheaten hay, 8.7 (1952)
Whole rumen content from sheep j Mukherjee(
fed on hay & concentrate, 8.2* §1960) .
Whole rumen content from hay and i
cone.fed sheep fasted overnight, 4,1* §
Bagasse fermented with rumen liquor
from slaughtered goats. 9.8 -
Bagasse with rumen liquor from
fistulated goats. 10,7 -

* Rate per Kg.per hour.
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The rate of prbduction af from bagasse with rumen
content from fistulaged goats showed less variation as
evidenced from the narrow range (Table 4.3) and the rate was
found to be rather more than that from slaughtered animals,
The average rate of fermentation of rumen liguor was found to
be 6,3 m.moles per 1000 ¢.C. per hour with a rHagmuxmf range of
5.0 «8¢5 m.moles per 1000 ml. per hour. The average rate of
Production of VFA on fermentation of bagasse was found to be
10;7 m.moles with a range of 9,5-12.0 m.moles per hour. Much
more variation in the rate of production of VFA on fermenta-
tion of all the material were noted with samples from
slaughtered goat which i1s shown in Table-4-2 in the text.

The fluctuation in the rate of production within the iExk re-
pPlicates and within animals have heen reported by Carrol &
Hungate (1954) and Mukherjee (19600,

The rate of production of VFA varies considerably
between animals, different samples from the same animals,
replicates of the same samples, This variation may be due to
either lack of optimum condition for 'in-vitro' fermentation
or to the imherent variation in the factors controlling the x%
rate of fermnetation such as tvpe and number of micro-flora

present, the concentration and the nature of the substrate.

So, the variation observed in the present case is not
any thing unusual which is supported by the smk similar finding
of other workers,
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Composition of the VFA of rumen liguor and of the fresh

acids produced by ‘in-vitro! fermentations

The composition of the VFA produced by ruminal fermen-
tation depends upon the diet of the animal Specially the nature
and amount of its carho-hydrate content. According to Elsden
‘(1945-46) '‘in-vitro' fermentation of pure cellulose in sheep
produced on an average 42¢ acetic, 56% propionic and only 2%
Butyric acid; while glucose produced 26% acetic, 52¢ propionic
and 22% Butyric acid. Thus the Soluble sugar of the feed tend
to produce relatively more of propionic and butyric acid,
While the insoluble fraction tend to yield more of acetic acid.
Gray et.al. (1951) obtained two different composition of the
VFA from'in-vitro! formentgtion of wheaten hay and Lucern hay,
the latter yielding relatively more of acetic and the former
more of propyionic acid. All these fermentation experiments
were, however, of long duration ranging from 48-112 hours and
as auoﬂ the overall fermentation pattern might have heen
some what different from that occurring in rumen due to changes
in the microbiol population, Incubation experiments for a
shorter period of 4 hours by Carrol & Hungate (1964) using
steer, howeverk did not show any appreciable difference in the
composition of VFA produced from hay alone and from high grain
diet. A probable reason for this similarity in the composition
of VFA peoduced may be that all these experiments were conduce
ted on rumen samples of fed animals and amdl as such may have
contained appreciable proportions of the more readily fermen-

table carbo-hydrate fractions,
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In this present experiment the percentage composition
of VFA of rumen liquor at zero hour and of rumen liquor on
incubation did not show any appreciable difference., More
over the results obhtained also did not vary to a great extent
withing the replicates of a treatment. The gme average percen-
tage composition of VFA of un-incubated and of incubated
rumen liquor as shown in the table-4.4 in the text was acetic
68.9§, Proplonic-16.7% , butyric-14.4% and acetic-69.7%,
propionic-16.2%, butyric-11.8% respectively.

The composition of VFA varies considerably between
animals difference samples from the same animals and repli-
cates from the same sample., This variation may he due to
either lack of optimum conditions for 'in-vitro’ fermentation
or to the inherinf variation in the factors controlling the

fermentation, ¥

Inspite of all the sources of variations mentioned
above results obtained in these experiments as shown in
table-4.4. were of surprising agreement. This is of particular
importance because the samples analysed for separation was
from different animals, whose feeding habits before collection
of the ruman samples were not known. The close agresement in
the proportion of the three acids in the rumen contents of
these animals probably may be due to #lhe fact that the animals
did not get any concentrate ration prior to the day of slaughter,
but were allowed to graze only. So naturally, all the animals
from which the present sample were analysed, perhaps, received

practically similar feed resulting in similar proportions of
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Proportions of the fatty acids,

The close agreement in the composition of the VPA
between the réplicates of rumen liquor incubated with bagasse
indicates the maintenance of similar incubation conditions
which probably were optimum in all the incubations., This may
further be explained by the fact that there was probably a
considerable similarity in micro-biol popuiation of the

rumen due thelr more or less similar feeding conditions,

The percentage composition of the individual fatty
acids in incubated rumen liquor was found to be 77%acetic,
14.62% propionic and 7.7% butyric acid whereas VFA produced
on fermentation of bagasse on 4 hours of incubation was found
to be acetic-58%, propionic-37% and Butyrice4,2%.The result
obtained by Carrol & Hungate (1954) on analysis of rumen
content of steer under various dietary condition may he
mentioned here. The percentage composition of the VFA produs=
ced on 4 hours of incubation of rumen content from hay fed
steer was acetic-60,3%, proplonic-21.1% and butyric-18,6%,
The percentage composition of individual VFA produced on
incubation or 1 hour with rumen content of animals on pasture
was found to be 60.2% acetic, 23.3% propionic and 18.5%butyric
acid.

The proportion of propionic acid in case bagasse
fermentation was found to be much more as compared with other
cases, This increse in the proportion of the acid was at the

cost of hoth acetic and butyric acids.The high propionic acid
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acid production Suggests the possibility of the fermentation
of soluble sugayr of bagasse during the short period of

~ 4 hours incubation. It is well known that fermentation of
cellulose and hemi-cellulose occur at a latter stage. The
lower production of butyric acid from fermentation of bagasse

may be due to lack of protein in it.

Extent of re-producibility in *in-vitro' incubations:

Many workers have observed good deal of variation
as an ipherent characteristic of'in-vitro' incubation. The
work of Carrocl & Hungate (1954) is baipg cited for this purpose.
In four samples, collected from the same animal at different
times of the day, the rate of production of VFA fluctuated
from 7.6-26,3 m.moles per Kg.per hour in 1st hour of incubae

tiony 7.8-24.4 in 2nd hourj "0"-6¢0 in 3rd hour and 5.4-20,0
in 4th hour,

Mukherjee (1960) observed good deal of variations
even in the replicates of the same sample, His data showed
that there were instances in which the replicates show close
agreement in the VFA content, while in some instances, replicate
differed to the extent of about 2004, Similar fluctuations in
the VFA content have been reported by Carrol & Hungate( 1954).,

Although, no data on VFA production from replicates
of the same samples are available from our ﬁork, the acids

. produced from lncubation of rumen liquor and rumen liquor and

i
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and bagasse from the same fistulated animal, show close
agnm’nt with one another, even when incubated on differ-
ent days., This close agreement admmhiw does not tally with
the findings of Carrol & Hungate (1954) and Mukherjee(1960)
Quoted above. A probable reason for this disagreement may be
found in the fact that rumen liquor and not whole rumen
content was used in our work, the former probably furnishe
ing comparatively uniform microbiol population and subsSe

trate content,

It 1is pertinent to mention here that ocur 'ine-vitrop?
findings cannot be used to predict 'in-vive' pattern as
only rumen liquor and not whole rumen content was used by us
in the 'in-vitro' fermentation, Cbviously, a large percentge
of bacterial population was retained in the coarser materials
of the rumen content, those were left over after straining.
Straining of rumen content was necessitiated by the
consideration of eliminating as much of externious substrate
of the rumen content as possible, 8o as to veveal the effect
of added substrate more clearly.

9 ee0
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CHAPTER- VII.

SUMMARY.

Liquid-liquid partition chromatography with celite
8356 as inert base, 2 M phosphate buffer of pH 6.5
as the stationary phase and chloroformebutanol
mixture as the mobile phase, was found to Separate
mixture of acetic, propionic and butyric acid
quantitatively, even when the acid s were present in
amounts of §-10 micro-moles each, It worked efficie
ently under Indian conditions and the racovery was

found to be almost cent percent.

Critical estimates of the probable experimental
errors of the different steps in the VFA estimation
from rumen liquor was made and was found to be

negligible,

Rumen content on exposure to air for 15 minutes
did*t produce any umtowards effect on VFA production
rate whereas rate was decreased on exposure for 30

minutes and one hour.

Bagasse was fouhd to contain about 37% crude
fibre, 48% NFE, 1.54% E.E., 1.25% protein and 2%
ash and judging from these organic and inorganic
¢onstituents it could be easily placed in the

group of roughages such as straws,

T N N e L T
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The digestibility coeefficient of the nutrients
of bagasse including dry matter were ®uwm found to be
61,3 for ¢.F., 56,7 for NFE, 64,7% for B.E. and 59
Tor total carbo Wydaty hydrate and 61,6 for dry
matter on low level of protein (NR 13156). On the
other hand, when the NR was 1:12,8, the digestibility
cheefficient were CF-62,8, NFE;SB, EE=71,6 , total
carbo=hydrate«-60.4 and dry mattere«63,5, No explana-

tion for the high value for E.E. could be indicated,

The digestibility cosefficient of crude fibre was
68,6 when 10 gms, of molasses was given, It was an
improvement over the value obtained with NR of
1:12,8. The overall increase was estimated to be
10,6%, The digestibility of crude fibre appeared to
be diminished slightly on increasing the amount of
molasses to 20 gms. presumably due to availability

of easily fermentable sugar,

The fermentation studies reveal that bagasse
is well fermentable and gives rise to the production
of VFFA, The rate of VFA production out of bagasse was
9.8 m.moles/ hour/1000 ml. of rumen liquor, The
addition of glucose did not appear to affect the
fermentation rate, The rate also did not appear
to vary between 4<8 hours, after which period a

definite declined in rate was noted.
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The percentage composition of voletile
fatty acid (VFA) from bagasse was found to be
58 percent acetic acid, 37 percent-propionic
acid, and 4,2 percent butyric acidy, whereas
the fermentation of rumen liquor for four hours
ylelded seventy seven percent (77%) acetic
acid, 14,62 percent propionic acid and 7.7%
butyric acid. Higher percentage of propionic acid
from bagasse may indicate the relative usefulness

as shmm source of energy to the animal,

s e sl o e
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