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The greatest problem of most of the countries of

the world taday is that of food and population, In the
_production of food from animal sources and from plant sources

as well, animal husbandary plays an important role, Human
foods from animal sources are of great value and their
inclusion in the daily human diets eppeciallf in the diets of
infants is a necessity.

Proteins of animal origin are biolegically
superior to those derived from plants. Appropriate balance of
important amimoacids and the presence of the unidentified
substance known as ' Animale-protein factor ' in animal products
are recognised to be responsible for the special virtue of

animal;pxotéin.

i
]

j The cantribuﬁion of ruminants in varied forms to
national health and wealth is of immence value. They supply
quality foods like milk and meat for human consumption and
wool for their use. In India and many other tropical countries,
cattle also provides main labour for cultivation, transport

of goods from rural to urban areas, thrashing and irrigation
work, Besides, farm yard manure forms the main bulk of

fertilizer for enriching the soil, Thus agricultural operations



for the production of foods from plant sources also are almost }
exclusively dependent on cattle.

The value of ruminants is still moxe raised due to
their ability in utilizing feeds like straws, grasses( fresh or
ensiled), oilcakes, brans, husks, urea, and other by- products
not only for their maintenance but for converting them into
milk, meat and wool, As the bulk of food éonsumed by them can
not be used by man or even by swine and poultry, they are the
greatest benefactors to human beings as they render such
yeoman service to man kind without competing very much with
the latter for their sustenance,

This ability of ruminants is due to the remarkable
symbiosis between the host and the vast population of microflora
which thrive in the rumen, the largest of the four compartments.

PECULIAR FEATURES OF RUMEN DIGESTION

The possession of this complex stomach at the
beginning of the alimentary canal is the most characteristic
features of the suborder Ruminatia. It has been found that70 to
80 percent of the digestible dry matter disappears during its
passage through rumen { Gray, 1947 ) & fermentation here

overshadows entirely the rest of the digestion in the alimentary
' canal ( Blaxter,1954 ). The rumen is essentially an anaerobic
highly reducing system at a slightly acid but buffered pH, at

a temperature of 39°C and under a gas phase composed mainly of
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carbondioxide, methane and nitrogen. Thus it provides a
suitable envirenment for the maintenance and activity of the
microbiota, '
Digestion of Carbohydrates

With the ald of these bacteria and protozoa, the
cellulose, hemicelluloses and even simpler carbohydrates of
the feeding stuffs are fermented to short chain fettyacids,
carbondioxide and methane. The volatile fatty acids found in
the rumen liquors, as the products of fermentation are acetic,
propionic and n= and iscsbutyric acids, also isomers of
valeric acid, Formic acid and suceinic acid are present in
graces. Lactic acid is also likely to be found when carbohydrate
rich rations are fed, Phillipson {1947) pointed out that
cellulose was broken down to cellubiose, glucose, pyruvate ,
lactate and ultimately to VFA. Pentosans are digested to the
extent of 50 pexcent and‘ the simple components Xylose,
_glueuroalc acid and arabinose are rapidly fermented with the
formation of short chain fatty acids (Phillipson and
Cuthbezson, 1956),

The relative proportions of the three maln acids
formed though varying substantially with the nature of the
diet, age of the animal and possibly with the species and
individuality of the animal, alweys follow the same trend,in
that acetic acid forms the largest concentration, propionic
acid the next and nebutyric acid the smallest concentration
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of the products among these three chief volatile fatty acids.
The proportion of the acids found in xumen liquor of the goat on
all roughage diet are acetic .'ao to 70 percent, propionic acid
20 to 40 percent and nebutyric acid 10 to 20 percent and other
fatty acids together constitutes less than one percent of the
total,

Diges ni ound

The part played by the rumen microflora in the
nutritional physiology of the ruminant animal is not restricted
to the utilisation of cellulose and hemicelluloses. With the
gymblotic action of these microorganisms, ruminant can also use
for both maintenance and production purposes, such simple
#itrogenous compounds like urea and ammonium salts compounds
which are useless in simple stomached aniynals as source for body
or milk proteins. |

sym (1938) found rumen contents to be strongly

- proteolytic and Pearson and Smith {1943) obtained clear evidence
of propeolysis with proteins which are readily attackable,
MeDonald (1948 a,b) showed that large quantities of ammonia
wera produced in the rumen under normal feeding conditions, The
mouutbfomed was shown to be dependent upon the type of protein
and carphydrate materials present, The intermediates of Bhhis
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protein break down are the amimoacids which are partly synthesiuedX
into microbial protein and partly metabolised to ammonia and the
short chain fatty acids. The branched chained isomers of C4 and

Cq fatty acids of rumen are atributed to this source (EleShazly,
195@), Lewis (1951) also reported liberation of ammonia as the
first stage in the utilisation of nitrogenous compounds.

simulataneously certain rumen microflora converts the
liberated ammonia into their body protein provided sufficient
energy yielding substance of proper quallty are also present.
The microbial proteins thus formed are afterwards enzymically
digested lower down and supply the host with necessary amminoacids.
The liberated ammonia escaping microbial attack, is absorbed
through the rumen wall and is conveyed by the portal bléod to
the liver where it is converted into uzrea which is mostly
excreted in the urine and some of it used in the synthesis of
poneessential aminoacids by amination of appropriate carbon

chains and some of it reenters rumen through the saliva.

The microbisl protein formed from urea in the presence
of starch has a high biological value of about 88 percent(Reed
et al, 1949), indicating the capability of microbrganisms to
synthesize essential aminoacids from ammonia, The microbial

poteins thus help the ruminants to be largely independent of the
aminoacid composition of the diets,

Thus rumen microorganisms produce fatty acids and
ammonia by their activity on nitrogenous compounds, McDonald
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(19%54) and MebDonald and Hall (1957) demonstrated also that the
repid duéradatlon of casein and the much slower degradation of
zein was accompafied by the !orhation of ammonia and fotty ecids.
EleShazly (1952 a) showed that casein hydrolysates are acted
upon by washed rumen microorganishms to produce ammonia and fatty
acids, Sirotnak et al (1953) found that all he 23 amino-acids
tested had been deaminated with the production of fatty aclds.

vitamins and microbial activity,

The adult ruminants is in the happy position that it
is to a great extent, not dependent on its diet for a large
number of vitamins. The microorganisms of the rumen cen
synthesize all the BeComplex vitamins as well as Vitamin K
provided sufficient cobalt is also simultaneously present.
Vitamin C is synthesized within the body tissues as calves can
be reared on Vitamin C free diet for over a year without the
blood content of the vitamin being even slightly affected (Ray,
et al, 1941), Injection of paraldehyde or barbitone is found
to enhance the synthesis of vitamin C in ruminants (Ray,1942).
In tropicsal countries o Vitemin D is not required, Under Indian
conditions of management, vitamin E deficiency has not been
reported,

0f all the vitamins, vitamin A is the most important.
30 microgrem of carotene per kg body weight are required daily
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by ruminants inorder to prevent night blindness, whereas,double
this qﬁuntltv is needed for maintaining a normal level of
vitemin A in blood. This high requirement in ruminants is due to
the faect that only 36-40 percent of feed carotene c¢an be absorbed
§rom Bheir alimentary canal (Ray, 1998 ),

Destruction was observed when carotene and vitamin
A were incubated'in vitro' in rumen fluid (King et al, 1962 ).
Klatte et al (1964 ) also reported highly significant destruction
of vitamin A by ruminal and abomasal fluids. Results obtained
with autoglaved ruminal fluid suggested that destruction by
ruminal fluid was dependent on microbial activity.

Due to their peculiarity of metabolism ,zruminants
are of sufficient biological interest in themgelves. In the
last 20 years, much work on ruminant metabolism was carried
odt and meny of the mysteries of their peculiar metabolism
were brought to light.

As the end products of microbial digestion are
short chain fatty acids mostly, much emphasis was given to
bheir rate of production and pattern of production under
different conditions, The proportion of the aclds formed
varies with the nature of the ration, the organism present

and other factars and thus effects the over all performance of
the animal,

Recently, Shaw et al (1957) stated that the fat
content of milk could be decreased by 50 percent when

ruminants (€ows in this case), were fed a ration composed
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predominantly of bread. They found that the rumen liquor of
‘such animels is low in acetic and high in propionic acid.

: The digestion of cellulose and other carbohydrates
‘in the rumen has been studled in detail both by'in vitro' and
in vive' methods, Arias et ol (195}) reported that high levels

of carbohydrates decreased cellulose digestion 'in vitro'.

A great deal remains to be done concerning
nutritional requirements of microflora and effect of
deffciencies and supplementations on over-all rumen function.
Hence we should learn more about the conditions which promote
the maximum activity of rumen microorganisms, together with
Rbe knowledge to take fuller adventage of the rumen
processes on which the digestion of khe higher carbohydrates
depends,

1t is evident that research on these microbial
processes is important to enable us to make the most effective
use of roughage and other by= products in feeding ruminants.
se detailed above , in addition to cellulose digestion rumen
microorganisms contribute the fablowing to nutrition of the
host animal: protein syntheais » B vitamins synbhesis, and
soluble carbohydrate digestion, Nutritional factors which
modify the above machanisms may well improve over all productive
efficlency of Bbhe ruminant animals.



e

In short , any knowledge about the ruminants
putritional physiology that can be harnessed for making them

more and more profitable is of immence value for humen welfare.
OTICS FEEDING IN LIVESTO

The constant effort to produce human foods from
animal sources at lower cost to the consumer has spearheaded
a continuing search for more suitable combinations of known
nutrients and for new chemical substances, with the hope of
inereasing the efficiency and rate of growth and production.
These wide spread efforts have led to the present use of
antibiotics and other chemicals in animal feeds,

The féeding of antibiotics to farm animals has
brought about a new era 4n livestock production, The idea of
adding small quentities of antibiotics to animal feeds to
improve the growth rate , and effickéney of utilization is,
relatively , new , The practical and economical implicatfions
of the discovery are considerable and since 1950 ,much of the
resesrch on nutritional problems has been devoted to the study
of the effects of adding antibiotics to the feeds of domestic
and experimental animals end bhe mode of the action of the
antibiotics.

1t has been well established now that various
antibioticn.nameéryraureamycin { Chloxrtetracycline) ,terramycin
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(euytatxaeyclinc).panicillin.bacitractn.and streptomycin
(dihydrostreptomycin),stimulate the growth rate of monogastiic
form animals,such as chick,turkey,and pig.

The influence of chlortetracycline as a growth
stimulant for young dadry calves was demonstrated at about the
same time by Ba:tl'? et ak Kansas State College, Husoff at
Louisiana State University,and Loosli and Wallace at Cormell
University (guoted in Animal Nutrition by Maynard and Loosli).
Terramycin { oxytetracycline)was also reported by Mackey et al,
(1953) to be as effective as aureomycin in stimulating growth
of calves. Aceording to Maynard and Loosli.chlortetracvcline
and oxytetracycline have prov;d of greatest value for calves.

it is now accepted that_inclusinn of antibiotiecs in
ratéons of young calves result: nincreased rates of growth ,
over all improved condition and much decreased in the incidence
of calf scours, Higher dré;sing percentages were reported in
lambs fed antibiotics.

The observations with mature ruminant animals are less
conclusive. Some of the workers have reported beneficial
effect when lower levels éf aureomycin were fed (Jordan,1952;
Bridges et al,1953jPerry et al ,1958), Others have reported
detrimental effects of high levels of aureomycin fed to olthe:
sheep of cattle (Coly et 2l,19503 Bell et al,1953). Some

 workers concluded neither beneficial nor deleterious effect
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from feeding lactating animals with 300 to 500 mg of aureomycin
daily per cow in form of Aurofac 2 A (Bartley et al ,19953).
significant decrease in apparent crude fibre digestibility have
been reported when higher levels of chlortetracycline was
included,

in a low concentrate ration chlortetracycline was
peported to exert an effect on rumen fermentation (Raun et al,
1962) while Hungate et al(l955% concluded that the capacity
of rumen organisms to forxm fermentation products had not
changed by antibiotics addition.

Indirect evidence that the microbial population
was changed by feeding aureomycin was reported by Hungate '
et al(195%a) while others (Chance et al ,1951jNeuman et al,
19513 Munch, Peterson and Armstrong,l958) have provided
direct evidence that the bacterial population in modified,
No significant changes in Bhe microbial population were
demonstrated (Bartley et al ,1991; Loosli et al, 19513 Rusoff
et al,1992).

. These varying results of antibiotic feeding in
mature ruminants where rumen development was complete, were
interpreted due to change or modification in the microbial
population and in their activity,
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since the chief end product of microbial digestion
is short chain volatile fatty acids,the present study was
undertaken to see the effects of chlortetracycline and
oxftetxacyelinc each at two different levels on the ‘'in vitro*
farmentation of goats' rumen content with regards to total
fatty acid production and pattern of fatty acid production,
Efforts were also made to see the comparative agtlon of these

antibiotics on protein and carbohydrate rich substrates.

In additionstudies were also undertaken to
ascertain 1f the effect of Bhe antibiotics on the microbial

activity would in any way effect the extent of carotene
destruction by them,
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REVIEK OF LIIERATIUBRES

USE_OF ANTIBIOTICS IN GROWTH

from the many published report,it is now evident

that in addition %o chlortetracycline (turaomyein).oxytetracyclina

(€erremyecin) and penicillin are susually effective in stimulating

growth of young animals,bu
Tesponses. Baciiracin and s
effective or have no activity at all depending upon other

s chlortetracycline and oxytetracycline

t there are specie differences in

everal other antibiotics are less

circumstances. For calve

have proved of greatest value,

Aureomyein

Increased growth rate and decreased incidence of
seours in diary calves due to antibiotics feeding has been
reported by many investigators {Bartley et 2l,1950% Loosgli and

Wallerman,1951s fusoff,1991 Rusoff and pavis,19913 Volker and
Cason,19%1),
in general these calvés in which antiblotics feeding

produced growth stimulation were from 1 to 150 days of age

or at an age when rumen devélopment was far from complete.
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Bartley et al (1950) reported that an animal protein
gactor concentrate containing aureomycin stimulated the
growth rate of diary calves from birth to 42 days of age.
These calves were fed the equivalent of about 15 mg, daily
of aurcomycin per 100 lb of body weight, The control calves
gained 18,0 lb in 42 deys and the ‘animal protein factor'fed
calves gained 30,8 lb, or 71,1 percent more. The incidence of
calf scores was much lower in the aureomfcin—fed calves and
these cslves also showed more thriftiness and improved over
all condition, These data caused the authors to conclude that
eureomycig enhanced,the-grnwth of the calves by preventing

SCOTES,

Loosli and Wallace (1950) found a growth response
in young calves both from an animal protein factor concentrate
containing aureomycin and from cypstalline aureomycin, Both
of Rhe supplements were fed in a milk substitute at the rate
of 10.0 g. per ton of crystalline antibiotics. The control
calves gained 0,92 1b and the antibiotice~fed calves l.ll 1b
daily for bhe first 8 weeks,

| :Pprry et al i1954)also studied the éffect of feeding
aureomycin to growing and fottening beef animals in both
suckling calves in which there was little or no rumen
development and in older animals in which rumen development
had progressed further, They observed that the administration
of aurecomycin to suckling ecalves at level of 24 mg, per 100 1lb



body weight had decreased acouring and had given an apparent
growth stimulation . Yearling steers receiving 75 mﬁ. aureomycin
per animal daily gained 43 1lb more (P/0.,05) then control animals
on a ground corn cobs, Aureomycin fed steers required 18 paréont
less fed per unit gain. Aureomycin feeding had no effect on
growth rate or feed efficlency of fattaning steers on a controlled
intake basis. Calves and yearling receiving 75 mg. aureomyecin
gained 27 1b more (stastistically significant) and required

20 percent less feed per unit of gain than control animals on a
basal ration of ground corn cobs and simple minerals,free cholce
afld per due cattle supplement A,3.5 lb per day. In all cases

the introduction of aureomyecin to the ration caused a temporary
depression in appetite for 2 to 4 days during the first week.

Bartley et al (1951) fed dairy calves and
sureomyein supplement {Lederle) at levels of 3 and 9 g per
100 1b body weight (daily by capsule) from 1 to 22 weeks of age .
They observed thatgains made by both the groups of supplemented
calves were superior to gains made by controls, but the
difference between the two supplemented groups was not significant.
Calves were fed 3 g of supplement, the average weight at end of
22 weeks was 410 percent of the initial 1 week weight. Similarly
calves fed 9 g averaged 400 percent of the initial weight and
the control averaged 356 percent. The amount of T.D.N, and
digestidble protein used per 1lb of gain (from 1 to 12 weeks)
was t;milar for control and supplemented groups. The average
hay consumption (per unit of body welght)for the supplemented
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and contrel groups was similax. However the supplemented
calves averaged about 22 percent moxre grain consumption(per
unit of weight )than the control averaged . '

The effect of aureomycin upon hhe growth of dairy
¢calves when administered orally, subcutaneously and intras
muscularly were reported by Richardson et al (1993) the results
indicated that oral administration at both levels used was
effective in increasing body welght gain as compared to
gontrols at the same age.

Hibbs and Conard (1953) used Jersey calves and
observed the effect of addildg 20 mg, of aureomyein in the
form of rerofac 2 A daily to the milk during the 7 weekd milk
feeding period and 20 mg. of aureomycin per lb of dry matter
consumed (hay+grain) after the milk feeding (8«12 weeks).
Their result indicsted that aureomyein feeding resulted in
greater weight gains, higher feed intake and more efficient
utilization of feod measured by T.D.l, per lb of gain.

Velu and Reed (1960) studied the effect of feeding
surofac on growth of Singhi X Jersey male calves reared in
India to 6 months of age and found that supplementation with
aurofac ( containing sureomyein and vitamin 812) caused
significant improvements in gains in weight {by 18 percent)
and height at withers (by 24 percent) of calves.
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Terzamyein

) For the first time, Cason and Voelkexr (1951} fed
two levels of a terramyecin supplement to supply 15 end 30 mg of
terramyein per 100 Lb of body weight daily,for the first 8 weeks
of calf's life. In this study a growth risponu was obtained,
but it was not great enough to be statistically significent.

® Voelker and Cason (1951) fed terramycin to calves
at/rate of 30 mg. per 100 1lb body weight, and average gain of
63 1b was noted for the supplemented calves as compared to 52 lb
for the controls. The length of feeding period was not mentioned.
At the rate of 100 mg, daily, 7 calves gained 28 percent over
the control. No increase in feed utilization efficlency was
observed,

Mackay et al (1953) studied the effect of feeding
terzamycin on the growth, efficiency of feed utilization,
incidence of scours and general well bé!.ng of dalry calves
(1) from birth to 12 weeks of age end (ii) older ruminant
animals and found that the feeding of terramyecin supplement to
young datdy ealves receiving a liberal ration of milk, calf
starter and good quality hey produced a significant increase in
growth, stimulated the appetite and emproved the general
| 'appe#:met as compared td the controls,

Feeding terramyein supplement to ®he older calves
showed a lesser effect. After an initial increase in rate of
growth for the first two weeks of feeding, the growth rate
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gradually declined to the control level . Some improvement in
‘gwexal. 'appeaxnnce in older calves was noted, No conclusion

| wag drawn to the effoct of terramyein in the contrel of scours

due to its very €light incidence in these trials. According to

these workers, terramycin apptérbd' to be at least és effoctive

as aureomycin in stimulating the growth of young daixy calves.

Kesler (1954) found that the addition of terramyein
to 'a milk replacement diet for young calves stimulated growth
significantly as measured by body weight gains and increase at
héight at withers., Supplemented calves consumed more concentrates

and at an earlier age.

Mooddy et al (1954) reported that terramycin
stimulated the growth rote of female calves move than that of
male calves snd found no evidence that small chlves responded

more to terramyein supplementation than did the larger calves.

Ne improvement in the growth of cslves was observed
when terramycin was included in milk replacement feed
(williams and Jenson,1954),

yse of antibiotics in fattening,

Jorden and Bell (1951) noted that fattening lambs
receiving 6 to 12 mg, of aureomycin daily made faster and more
efficient gain than the controls.
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Jordan (1952) conducted four feeding experiments on
199 native and western lambs to study the effect of asureomycin
in lamb fattening rations. /greomyein in the form of Aurofac
2 A wag inearporated in the soyabean meal and was fed at levels
of 7.2, 10,8 and 14,4 mg. of aureomycin daily per lamb.

On the basis of their experiment,they recommended that
sureomycin mightbe included in lamb fattening rations at ievels
éfom 7 to 14 mg, over a period of 100 days without causing the
lambs to go off feed or increasing the incidence of scouring,
Aureomyein fed at 14,4 mge. per lamb deily reduced the rate of
gain and feed efficiency in both trials in which it was feed,

Bridges et sl (1953) used aureomycin as feeding
supplement and fed to lambs at levels of 1,1 to 15,0 mge. per
1b of feed in rations composed of milo and alfalfa hay; and
milo, cotton seed meal and alfalfa hay., increased in rate of
gain resulting from feeding the aureomycin were relatively
small and were not significant statistically. When aureomycin
was fed at levels of 2.2 to 5.0 mg, per 1b of total feed, an
apparent improvent in feed efficlency was evident,

Jordan et al (1956) carried out experiments to find out
the effect of ehlortgtracyclim.st!.lbntorol and chlortetracycline,
stilbesterol supplement on fattening lambs and reported that
21,6 mg, of chloxtetracycline pexr lamb daily,2 rmg. of
stilbesterol per lamb daily or a combination of chloxtetracycling
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and stilbesterol at these twe levels hed no significent effect
on the rate of gain,feed comsumption or feed efficlency
whether added to a ration with a concontrato»xoughago ratio
of 3565 or 4B=5%, Cartass grade was slightly improved by the
higher level of concentrate feeding and chlnrtotratycl}no
addition., Carcass yeild was not effected by treatment or
kevel of concentrate.

Hatfield and Garringus (1952) and Botkin and Paules
(1954) found higher dressing percentages in lambs fed
sntiblotics .

" Rusoff et a1l {1954) reported that chlortetracycline
fed dairy calves were heavier and had larger carcasses and
skeletal development than control calves.

In oxytetracycline fed yearling steers, Morrijon et al ,
(195%) found a slightly higher dressing percentage and a lower

¢carcass grade .

Landagora ot al {1957) studied the effect of
chlortetracycline on ecarcass yields including physical énd
chemical composition of dairy calves, They obtained in calves
fed or injected with chlortetracycline, a significant increase
in growth rate and efficlency of feed utilization
significantly heavier carcass weight and higher dressing
percentage; increase in size and weight of the higher priced
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cuts in the veal carcassj and no effect on tenderness as
measured by the shearing strength of the 12th zib cuts Oral
feeding appeared to increase carcass fat deposition whereas
parenteral administration appeared to enhance p:otein syhthesis.
The growth promoting effect of chlortetracycline on young calves
resulted in overwall body growth as indicated by muscle weights
end measurements which according to these workers suggested
that certain endocrine system were invlioved or that had
inereagsed the efficiency in nutrient utilization.

Raun et al {1962) reported that supplementation
of chlortetracycline to a high urea ration partly counteracted
the effect of urea in lowering the carcass grading.

Use of antibiotics in older calves,

Baxtley et al (1951) fed daily doses of 200-800
mg, of aureomycin per 100 1lb of body weight to calves &f
1216 weeks old without any detrimental effects. One calf of
16 weeks old that had not previously received aureomycin was
fed 2500 mg. of this antibiotic daily for 4 weeks without
any hammful effects,

Fincham and Voelker (1953) divided 40 pairs of
heifers into two groups and fed one group 80 mg, of aureomycin
daily from birth to 200 days of age and 240 mg, daily to about
24 years of age. They found that most of the growth stimulation
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from the feeding aureomycin occured before the heifers were

6 months old, but gheg growth adventage obtained was maintained
afterwards. At 18 months of age the control heifiexrs weighed
755 1b and the supplemented heifers, 794 lb, The aureomycin
fed heifers were bred 19 days earlier than the control heifers
but required 1.6 services per conception as comparxed with

1.4 for the controls.

USE_OF ANTIBIOTICS IN MATURE HUMINANTS

warner (1952) and Loosli and Warner (1952) found
that feeding of 700 mg, of sureomycin daily ted cows had no
eféect on feed consumption but feeding of 1000 mg. daily
caused feed refusals, The feeding of 100 mg. of aureomycin
daily to milking cows produced neither harmful nor beneficial

effects on milk production and feed consumption,

Chance et al (1993) showed that when steers were
fed aureomycin (0,9 or 1.0 g. per day) there was an increase
in the total bacterial count, a decrease in the numbers of

streptococci and increase in the coliform organisms present,

Lassiter et al (1954) fed yearling dairy steers
500 mg, daily of crystalline aureomycin alone and in
combination with a surfactant, Ethomid G/15 to studjed the
effect of the digestion of feed nutriénts, It was found that
crystalline aureomycin decreased dry matéer digestibility
from 64,0 percent on the Basal ration to 60,5 percent,
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This reduction was not statistically eignificant, Crude fiber
digestibility was reduced from 35,5 to 22,7 percent and this
reduction was significant, When aureomycin and Ethomid ¢/15
were fed in combination, the depressing effect of aureomycin
on dry matter and crude fiber digestion appeared to be
lessened. In this study aureomycin had no significant effect
on the appetites, consistency of feces, overall condition of
the steers, or digestion of dry matter, crude protein,ether

extraect, and nitrogen-free- extract.

Lassiter (1955) in his review concluded that no
beneficial effects were derived from the feeding of antibiotics

to mature cattle,

: Experiments by Hungate et al (1955) indicated
that chlortetracycline feeding altered the composition of the
rumen microbial population of steers but did not alter the
composition of rumen microbial activity,

Horn and associates (1955) found that 100 mg. of
chlortetracycline per steerx daily depressed roughage
digestion by microorganisms but 32 mg, of the antibiotic did

not »

Evans and associates (1957) reported that feeding
Bhlortetracycline to sheep decreased the apparent crude fiber

digestibility only if fed at a level greater than one mg. per 1lb
of feed, 1
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Lambert % Jacobson (1958) also fed chlortetracycline
in a 13 mg. Mose per 100 lb live welght daily to find out the
effect of cellulose digestion in the bovine rumen. They reported
that ccllﬁlasc digestion (48 hours after the cellulose was
{ntroduced into the rumen in first experiment and 24,48,72 and
96 hours after cellulose introduction in the second) was not
altered appreciably by chlortetracycline feeding.

Hougue et al (1956) used high nitrogen intakes with
calves and found significantly greater apparent protein
digestion, as well as greater nitrogen retention when

chlortetracycline was fed than in its absence.

Klopfenstein et al (1964) found that antiblotic addition
resulted in greater protozoal concentrations and increased
nitrogen digestibilitys

Effect of antibiotics on gas production,

Klopfenstein et al (1962) reported the effect of

antibiotic and time on rumen activity., Manometric technique

~was employed to measure the effect of antibiotic upon rumen

microbial activity. Whole rumen contents were diluted 131(V£V),
with a buffer solution before transference to Warburg flasks.
Antibiotics at two levels (high=400 mg, streptomycin and
40,000 units penicillin/flasks; low-0,04 mg, streptomycin and
40 units penicillin/flask)s and nutrient solution (urea,casein,

glucose,starch,and cellulose) were added in various combinations
at various time intervals.
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Antibiotics added at the same time as the nutrient
solution caused a greater decreases in gas production than
when added 100 minutes after the addition of Bhe neutrient
solution, On the other hands nutrient added 100 minutes after
the addition of antibiotic gave rise to significantly less
gas than the simulteneous addition of both nutrients and
antibiotics at this time, As the $ime of of incubation with
antibiotic alone was extended to three hours, the inhibition
of gad production, consequent upon nutrient addition,was
increased, Incubation period greater than bhree hours did not
further increased Bhe inhibition, Gas production was increased
for the first 100 minutes by both levels of antibiotic but

the reverse was true at 250 minubes.

In all cases the effect of high level of antibiotic
was greater than that of he low level. Gas production was
significantly correlated with volatile fatty acid production
and the final pH of the reaction medium,

Kiopfenstein et al (1964) found that gas production
'in vitro® by rumen opganisms taken from animals on the
respective treatments showed that inhibition by the addition
of antibiotic was significantly greater, when rumen orgahisms
were taken from control lamb than when taken from the lambs
fed 60 mg. aureomycin. Further gas production resulting from
the addition of nutrients to prefeeding rumen samples was
significantly greater with sample from animals receiving 20 mg,
aureomycin, either before feeding or with the feed than with
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samples from control animals or animals raeceiving 60 mg.
aureomyein with the daily feed, Pocled data showed that gas
production 'in vitro' rumen contents after feeding from animals
receiving 20 mge. aureomycin in their ration, was significantly
grester than by rumen contents from control animals.

Nefid and Ibrovié (1963) maintained 20 sheep
mostly on hay of moderate quality and studied the effect of
some antibiotics on fermentative processes in the rumen on
them. Samples of rumen congsnts were taken before the morning
feed and individual sheep were given penicillin,streptomyein,
shloramphenicol, terramycin, or sureomycin into rumen onform
3 to 5 successive days. Amounts given daily were 400,000
ToUsy 045 20 1, 0.5 t0 1, 0425 o 0.5, 0.5 and 0.8 g.
respectively.,

penicillin was the most harmful to ciliate population,
terramycin and aureomycin had less effcht on the protozoa and %
the other antibiotics none. Bacterial activity was most
a€fected by terramycin and #uxeomvcln. although all the
antibiotics to some extent inhibits fermentation of glucose
aid digestion of celiulose,

Thay suggested that these antibiotics could be
given by mouth if it is disired to surpress bakterial activity
§or example in blost but rumen fluid from normal animals
shouldthen be given to restore the flora. The antibiotics
eoul@ be given by mouth therapeutically to young suckling
ruminante before the flora was established,
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E AT ATIY _ACID PRODU

The significance of volatile fatty aecid (VFA)
production arising grom fermentation within the rumen of
ruminants has beccno an active area of resesrch in ruminant
nutrition and physiology. It has been established that the
volatile fatty acids are the chief end product of microbial
digestion and these aclide are the absorbed from the
reticuloeruminal epithelium into Bhe blood stream. The rate
of absoption depends on the pH of Rhe rumen and concentration
of the VFA. With the isotope technique, Mukherjee (1960)
worked out the rate of absorption with '1ﬁ%zizzx:n?xperiment

in fasting sheep to be 35,3 , 9.9, and 3454 | for acetic,
propionic and butyric acid respectively.

Unlike the simple stomached animals,these acids are
extensively metabolised by the ruminant animals as source of
energy and also for hhe synthesis of body fat. The concentration
6 total VFA in the artrial and venus blood in both the sheep
and the cows varies with the concentation in the rumen,

Fasting couses a steady depression of Bbe volatile acid
content of the rumen in the sheep and cow and the level of
eirculating VFA is equally depressed,

propionic acid is khown to be a source of glucose
and it enters the tricarboxylic acid cycle by carboxylation
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6o succinate (Pennington) and Sutherland,1996). It is thus an
important product of digestion,

Butyric acid is rapidily metabolised by rumen
epithelial and liver tissues in vitro, The in vitro
experiments indicate that ketone bodies may be produced in
considerable quanity from butyridte. Increases in dhke level
of ketone bodies in the blood have been observed on injection
of butyrate 'im vitro' (Shultz and Smith,19513Jarrett and
Potter,1950).

roetic acld is quantitatively the most important
acld produced in the rumen, It is metabolised by most body
tissues and the contracting heart can utilize it a8 rapidily
~ as glucose. Reid (1950) showed that itis metabolised by

brain tissue. Phillipson (1987) regarded acetic acid as a

glycogen former upto about 40 percent . The symthesis of milk
from acetate is also established beyond doubt (Popjak et al
19513 Cowie et al,1951).

_ Armstrong et al (1957) demonstrated with help of
indirect calorimetry that mixtures of acetic,proplonic and
butyric acids when used as the sole source of energy for

fasting sheep, were utilized quite efficlentlv by the animals
for their basal activities,as only about 15 percent of tobtdl
metabolisable energy appeared as heat increment when 1117

Cal/24 hour of metabolisable emergy was utilized by the animmals,
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stewart ot al (1958) estimated that out of the 12.7
therms supplied by these VFA, 5.7 % was from valeric acid,
24,3% from butyric acid, 21,9% fron propionic acid and
48,1% from acetic acld.

Hence the amounts and proportions of these acids
found in the rumen formed is important in supplying the
ruminants with essential energy. Amounts and proportions of
short chain volatile fatty acids produced are variable
depending upon time afiler feeding, nature of diet,age of
animals and inclusion of various additives in the feed.
This variation is also due to type and number of microorganisms

present in Bbke zumen,

: tty acld production.

1% has been demonstrated that rumen protozoa possess
relatively large amounts of amylolytg,cellulolytic and
proteolytic enzyme (Hungate,1942; williams et al,1960).

According to Ferbex{1928) protozoa may coBstituté
6to 10 percent of the weight of xumen contents and supply
20 to 25 percent of the total energy rewdirements of sheep
and céttle.

christiansen et al (1962) while describing a multiple
«tube laboratory technique for studying factors influencing
volatile fatty acid production by rumen protozoa in the
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absence of bacteria, observed that protozoa perse se were
capable of producing large quantities of VFA's since at the
hadghht of activity as much as 8 gme of total volatile fatty
acids (TVFA's) as acetic acid equivalents per hour per 100 gm.
of organic matter were produced. They found that pH exerted
an influence upon protozoal VFA production, The optimum pH
for maximal VFA production was approximately 7.0. Below or
above this pH range, the amount of VFA's produced was
progeessively less,

ctewart et al (1958) observed that the concentration
of VFA in the rumen increased after feeding from 4 to 6 hours.
Rate of VFA production was greater tham within Bhe first two
hours after feeding. The rates of production of propionic and
valerric acid were proportionately greater than those of the
other fatty acids for the first two hours efter feeding.
Volume of ruﬁen condeits and total quantities of VFA in Rhbe
Tumen were greater after the evening feeding,

g of die fatty acid production

Stewart et al (1958) studied 'in vitro' VFA
production from various feed by rumen microorganism. Their
results were based on 12»hour production of VFA 'in vitro',

Urea was found to consistently increase VFA'in vitre' regardless

O



6f the substrates used although in wbbsequent 'in vive'
experiment, incresse of VFA production was onlv slightly.
Fresh haddclipped legume mixed grass caused a greater VF/
production than did legume hay. The grass was found to
markedly depress propionic acld production compared %0 hay.
Molasses consistently decreased acetic acid production,beet
pulp significantly increased acetic acid production and corn
meal increased propionic acid production,

7 Mahapatre (1964) reported M % of ruminal acetate
were lower (B/.01) and percent of propionate and butyrate were
higher {P/«0L, P/,058) respectively in lambs fed the hay or
wilted silages than in those animals fed the wet silages., In
another trizl,they observed that Mi acetate and butyrate did
not vary (P70.05) either with fineness or moisture content.
Molar % propionate wss higher {P/.09) in lambs which recelved
the wet hays,

Ekern.and Reid (1963) carried out expariments to
#ind out the effect of that on the total and relative
concentrations of VFA in ruminal ingesta. They fed three
different diets viz, hay, silage and hay supplementdd with
lactic acid to three groups of young cattle, The rﬁsults
obtained showed the molar propoxtions of the following fatty
acids as porcentéges ofthe botal acide in the rumoh ingesta
of animale fed hay, silage and hay supplementad'with'iactlc
acid respectively as acetic zcld 69,5, 58,3 and 57,43
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 propiadte scid 18,9, 20,7 and 28,73 butyric acid 9.8,15.4
and 11.0 and higher scidsz 2.2, 5.6 and 2,8,

Thus the diet of hay alone was associated
with a highex proportion of acetic acid and lower ®
concentration of prepionie aeid and butyric acids in ruminal
ingesta than were the dbets of silage of of hay
 supplemented with lactic acid, Their observations indicated
that the energetic efficiency of body gain in young cattle
ingesting forage diets was favoured by diets resulting in
higher proportion of propionic and butyric acid relative
%o acetic acid in the rumen,

Raun et al {1962) found that high concentrate
(80%) rations fed group produced naxrrower acetatespropionate
ratio, higher butyric acid levels and lowexr VFA and pH in
the rumen than did a2 50¥ concentrate fed group.

A geries of experiments were undertaken in
1960 and 1961 by Parks et al (1964) to ascertain the effects
of changes in apparent nutritive vilue and chemical
composition of the diet on molsr ratio of acetate,
propionate and butyrate produced in the rumen fed gulf xye
grass harvested at differentstages on maturith

They reported that the intraruminal molar
percentages of acetate tended to increase and those of
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propionate and butyrate to decrease as the forage matured,
Shifts in the intraruminal fatty acid ratios were shown
to coincide with the changes in the apparent,mutritive
value of zye grass especially in 1960, As the rye grass
became less digestible over the growing season,the mixtuzre
of acids produced in the rumen of sheep became
progressively higher in acetate and lower in propionate
and butyrate.

~ The chemical component of rye grass which
appeared to be most closelyt related to hke intraruminal
ratios were soluble sugar and protein in rye grass
decreased and hhe level of lignin in the forage increased,
the molar percent of propionate in the rumen content
decrezsed and khe intraruminsl molar percent of acetate

increased,
Effect of age on fatty acid production.

| omar et al (1964) found out Bhe distribution
and concentations of intraruminal VFA in young ruminants of
different ages and detexmined the relationship that such

~ distributions might had to bhe extent and veriability of
ruminal development,

The maximum concentrations ofVFA were

observed between 12 & 17 weeks. Acetic, proplonic,butyric,
isobutyric,valeric and iso-valeric acids were detected in
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the ruminal content of all lambs with feed risidues in the
rumen , The Cy aclds and butyric acid were not found in fwo
lambs that received only milk,

The propartién of agetate &aa negatively related
%o level of total volatile fatyy acids and to age, body size
and stage of ruminal development. Displacement of acetate at
higher concentrations of total VFA wss by both proplonate and
butyrate but the displacement of acetate with growth and
ruminal development was the result of a significant increase
in the molar fraction of butyrate. Of the miner fatty acids,
only isp-butyrate showed a significant relathonshipinegative)
to age. '

The simple productemoment, multiple and partial
correlations ofacetate (negdtive) and of butyrate(positive)
with ruminal characteristics were of such significance and
magniude that the workers indicated that the pattern of
intraruminal fermentdbhon was associoted with factors

conditioning both total ruminal development and papillary
growth in creep~fod suckling lambs,

ecies fatty ac roduction

‘In vitze' studies of Negy et al (1962) on
alfalfa substrate using deer,cow,sheep and cattle as rumen
fluid donar,indicated that deer rumen f£luid had resulted
in lowest acetate ond highest propionate percentagec.



«35=

The following range was found in molaxr percentage
of acetate, propionate and butyrate respeciively; deer
42.49, 36=27, 17-18; cow 60«65, 18=16, 16=14; sheep 5554,
23«27, l6=14; steer 55«54, 20«21, 19=20.

egat str and fa acid producti

weldy et al (1964) worked on the influence of heat
stress on rumen acid levels and some blood constituents in
cattle subjected to QOQF. Total VFA concentrations were lower
at 90°F, with lower acetic acid concentrations being largely
responsible changes in total VFA concentrations were consistently
correleted to 2 significent degree with rectal tempature and
rate of respiratory evaporatkve loss but the relationships
of VFA level to dry matter and water intake,blood glucose
and blood ketones were quite variable.

They concluded that the direct effect of the heat
stress would bring sbout some changes in zumen acid
conéantratians and these changes in rumen acid levels as well as
blood constituents (viz heamatocrit) might be involved in
the adjustment to heat stress,.

Effect of additives on fatty acid production,

Glucose wos reported to increase 'in vitro!
production of all three aclds and total acids but agrozyme,
an enzyme preparation, had no effect on 'in vitro' production
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and a general increase in production of all the acids was
found ss the pH was ralsed from 4,5 to 6,5 but there was no
significant change from 6,5 to 7,5 (prown and Tucker,1962) «

Raun et al (1962) added sodium bicarbonate and
calcium carbonate to lamb rotians high in concentrates and
bow &n roughage and observed their effect on ruminal
fermentation patterns. '

Addition of sodium bicarbonate and caoléium %o
carhonate to lamb rations, high in concentrates and low in
roughage had no appreciable effect on the acetate 3 '
propionate ratio or hhe total volatile fatty acids in the

pumen flulds samples three hours ater the morning feed.

Millexr et al {1964) also reported the effects of
feeding of buffers to dairy cow on a higheconcentrate ration.
The four experimental treatments considted of a control,
1,00 1b KHCOg, 0484 1lb NaHCOg and 0442 lb igCOg per day .

Analysis of rumen samples showed that cows on the
control ration had a significantly (p/.09) lower molar percent
of acetic acid (49,2 vs 54,0) and significantly (P/,05)higher
molar percents of propionic acid (37.4 vs 31,3), and nevaleric
acid (2.8 vs 1,8) than while on hge buffered iations. The molar
percents of butyric and iso=valeric acldsj,although higher
for the buffered rations, were nonesignificant,
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chabupe et al (1964) studied the influence of ethanol
on rumen fermentation, Varying levels of ethanol{ml/100 g
rumen DM} were added to a series of artificlal rumina., Before
feeding the distribution of individual fatty acids end total
€atty acids were alomost identical but molecular concentration
of acetic acid was 10 percent greater in rumen liquor obatined
from ethanolefed animals four hours after feeding.

Elam and Devis (1962) reported that microblal activity
of ruminal samples was decreased by feeding the combination of
sodium chloride and salive salts but the total concentration
#f ruminal fatty acids and the proportions of thesge acids did
not appear to be affected by treatments,
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Reportd that the feeding of sureomycin lowers the
digestibility of various feed nutrients in ruminants suggests
that the antiblotic could change VFA production in the rumen,

Hibbs and Conard (1953) made a study on the effect of
feeding aureomycin supplement on the performance of calves
raigsed on the high roughage system and did not find any
difference by feeding aurecomyein in the average total steam
votatile fatty acids or acetic aeid in rumen juice at 12 weeks
of age., Propionic acid was slightly lower and butyric acid
slightly higher in the aureomycinefed group.

Hungate et al (19553) concluded that the capacity of
the rumen erganisms to form fermentation products had not been
changed by the antiblotic addition.

Leffel et al (1957) maintzined nine lamb on alfalfa
hay and barley diet and fed asureomycin at level of 0,7,12, or
24 mg per lamb per day., Their preliminaxry results indicated that
antibiotic did not alter the amounts of ratios of VFA present in
the rumen fluid and did not affect the pattern of dissimilation
of e“-.- labeled glucose by cell suspensions. Dissimilations of
c“. labeled glucose by washed ¢cell suspensions from sheep and
cows on normal rations consistently showed a high proportion
of propionate production.



Preston et al (1999) studied the effect of lowelevel
feeding of chlortetracycline on rumen fermentation in early
weaned calves with regards to the mean pH ami' the mean
concentration of SVFA in strained rumen liguor for the l0-week
period. Both before and four'hours after feeding,the zumen
| liquor from the calf which was fed concentrates supplemented
with antibiotic had a higher pH and a lower concentration of
steam volatile fatty acids, than the rumen liquor from its
controlm mate,

Dinda (1960) while studying on some of the effects of
chlortetracycline in the diet nutrition of the early weaned
calf, found that antiblotic reduced the concentration of lower
volatile fatty acids, ammonia and total reducing substances
in the rumen and increased pH. The level of reducing sugar in
the blood was found higher and that of urea lower when
chlortetracycline was fed. Rate of passage of feed was not
affected., The worker concluded that antibiotics increased
growth of early weaned calves as consequence of increased feed
intake and enhanced protein and energy metabolism and that
these effects in furn, were secondary to changes in rumen
fermentdéion.

Raun et al (1962) observed in lambs that in a low
concentrate ration, chlortetracycline and urea did asppear to
exert and effect on ruminal fermentation as shown in table
2.1, While chlortetracycline and urea alone tended to widen
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(P/.09) the acetate- propionate ratio, a significent negative
interaction was noted between the two, Urea and chlortetracycline
alone tended to elevate acetate levels but together a negative
interaction aslso occurred. Chlortetracycline also appested to
elevate (P/.09) butyric acid levels, Urea was added at zero

and 0,7% levels and chlortetracycline at zero and 10 mg per

1b of feed,
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Table shevdng the effect of chl.ortot:ueyclino & urea additions

in 2 low concentrate ration (50% concetrate-50% roughage).

Triteria s‘smrgan uPea JAverage
. awalineiurea JChlortetra-
Qeyeline
VEAS mol;t%
Cg ‘ §7.9  6l.2 621 994 60,2
Cy 25,7 19,7 23,9 22,9 23.1
ieCq 045 09 0.3 0,3 0.4
Cs 15,1 18,0 12,9 16,7 15,7
i« C3's 0.3 0.2 042 0.2 042
N 0.5 043 649 0.4 044
Ratie C,/Cqy 23 3ol 2.6 26 246
Total VFA® 89 83 87 92 a8
Buffering capaciwb 2,2 26l 2.1 242 2,2
pH 645 645 646 603 645
Av,.daily gain 0465 0.6l 0,63 0463 0463
Feed/lb gain 5,86 6.6 6439 6400 6,17
Carcass grade seore® 7.0 6.7 9.7 7.0 6,6
Dressing¥ 49.1 50,1 49,0 49,6 49,5
Seperable fat 26.1 24,8 275 29,7 26,0
Seperable lean 52,8 53,7  52.4 54,3 53,3
Seperable bone 21.1 21,5  20.1 20,0 20,7
% fot in g:‘:gxnmu.' 15,7 16,0 21,2 17,5 17,6

e

a Micromoles of volatile fatty acids per mi,
b Ml of N/10 KOH

¢ Federal carcass grade scores 5 ~good,6ehigh good,7=low cholice,
and 8~ choices
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Klopfenstein et al (1966) conducted experiments on cross
bred whether lambs to find out the influenceof aureomycim on

ruzumen metabolism, Their each experimental period consisted of

12 days prefeeding, 8 days urine and fegedl collection and one
day of rumen sampling.

Treatments consisted of 3 A, controly B, the infusion
of 20 mg of aureomyecin (suspended in 5 ml of watex }into the
rumen via the fistula 90 min. prior to feeding; and C and D,

- 20 mg., and 60 mg., respectively.~ of aureomycin fed in the ration.

They obtained that treatment B and C had tendency to
produce more gas at one hour after feeding and treatment B also
had tendency to produce greater VFA concentration'in vivo'.

Significant differente in average daily VFA conceatrations
was not obsexved.

Puwser, Klopefenstein and Cline (1964) in their 3X3
latin square design experiment, supplemented aureomycin(30 mg/day)
and tylosine (15 mg/day) in two experimental groups of sheep
while the third group was the control group. While studying on
Bhe effect of rumen liquor from entibiotic fed sheep on
organism growth'in vitro*, determined VFA ratio on samples taken
four hours after fedding on the l4th day which showed jacetate/
proplonate ratiosof 4,37, 3,55 and 2,833 acetate /butyrdte ratios
of 6.32,6,01 and 5,70 and propionate/butyrate ratios of 14,7,

16,4 and 2,03 for the control,aurecomycin and tylosin treatments
respectively,
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perzy et al (1962) studied the syner§ism between an
antibiotic and vitanin A utilization, They fed steers of one of
their subsgroups, 80 mg. of chloxtetracycline per head daily for
this test: Control cattle receiving no supplemental vitamin A
showed a gwowth depression from supplemental chlortetracycline,

stiidies were conducled by King et al (1962)to determine
whekher appreciable losses of carotene and vitehdn A éececur in
the rumino=reticulum, Destruction was cbserved when carotene
and vitamin A were incubated 'in vitro' in rvemen fluid.

Recovery of cszotene from inegulated but noneincubated
tubes averaged 97.53 whereas recovery from tubes incubated 9
hours averaged 65.6%. Similarly vitamin @ recoveries (using
U.5.P, Reference Standard solulation) were 81.1% in none
incubated versus 60,4% in incubated tubes., The difference in
each case were significant (P/.0Ll). Antioxidants(Santoquin and
tocopherol) each reduced losses (P/.0l) in a lO=hour incubation
using a commexrcial, stablized vitamin A preparation,

A series of'in vitro' trials shwed recoveries varying
from 11,5% to 100% when variouys commericiasl vitamin A feed
preparations were compared, The destruction effect was
comparable in rumen fluid from cattle and sheep and in fluid
from cattle fed hay versus high grain rations.
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Known amounts of carotene,vitamin A and Cr,0, were
fed to wethers and steers. Upon slaughter at 12, 24 or 48 hours
following the meal, ingesta was collected quantitatively from
the various segments of the digestive tract, Significant
differences in the ratlos carotene s €r,05 and vitamin A 3
Cro03 in feed versus injesta indicated losses from the rumino
=reticulum (of approximately 40% in 12 hours) in addition to
that resulting from passage into the lower tract,

Recent studies by Esplin et al {1963) suggested
that carotene is poorly utilized on higheconcentrate rations.

Devison and Seo (1963) reported Bhe influence of
nitrate upon carotene destruction during'in vitro' fermentation
with rumen liquor, Their results suggested that nitrate does
not increase carotene destruction in the rumen, however rumen

microorganisms were capable of destfoying carotene (Table 4,2),

I ABLE 4.2
Tables showing carotene destruction during 'in vitro!fermentation
with rumen liquor,

Nitrate added L___ngr_m_fu?a[
ng. 8 Contro o Nitrate fed (%)

0 25,2 + 5,6 24,5 + 8,2
3,25 19.3 + 4.4 23,2 & 4.3
7.5 2048 + 4,6 24,6 + 5,8
15,0 20,6 + 4,6 27,0 ; 8.1

Average 21,6 + 2,6 245 + 3,3

-
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Keating et al (1964) designed thelr experiments to
determine the 'in vitro' effect of rﬁmen\liquor fram steers fed
high -ve=low grain rations on the degradation of vitamin A and
carotene and also to study the effects of etboxycuin (saatoquin).
nitrate and nitrite, '\. -

Their studies with five fistulated steers on all
roughage rations indicated that nitrite was effective in
degpading both vitamin A and carotene provided the nitrite |
levels were sufficiently high., Nitrite was added’in vitrd' at
levels corresponding to 0,25, 0,5 and 1% of the rumen liquor.
A significant destruction of carotenme with the'in vitro! |
addition of 1% nitrite was indicated.

The ration ethoxyquin maintained the levels of vitamin A
in both roughage and grain ration, The addition of 1% nitrate
to the ration hag little effect on the 'in vitro' destruction
of vitamin A, Destruction of vitamin by rumen liguor from steer
on a high roughage was significantly greater than with rumen
liquor obtained from steers receiving a high grain ration,
Bestruction of carotene was found to be small or nil except
with certain treatment notably nitrite and that only at
equivalent levels that would never be encountered in usual
feeding condition.

shorland et a2l (19%7) indicated that carotene was not
affected by rumen fermentation,
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Recently Klatte et al (1964) studied the mstability
6f vitamin A acetete in ruminal and abomasal fluids, Ruminal
and abomasal contents were obtained from dualefistulated
cattle and sheep which hed been receiving low pigment diets
without vitamin A. The contents were strained through cheese
cloth and centrifuged at low speeds In each tria; » 8ix
incubation tubes contﬁining 10 ml, of either ruminal or
abomasal fluid and approximately 20 I.U. of vitamin A acetate
in oil dispersed in 20% tween 80 in water were preparéd.

Three tubes were selected randomly and incubated
under carbondioxide for 4 hours at 37°C. The other tubes
were analysed for vitamin A immedieotely, Waterj,abomasal
fulid and ruminal fluid were used in 11, 17 and il trials
respectively, and additional trial of autoclaved rumen juice

© was used in 1 trial,

The average percentage of vitamin A recovered was
84,0% for water, 66,5% for abomasal juice and 63,9% for
suminal fluid and 87.8 for autoclaved rumen fluid, Destruction
of vitamin A by ruminal and abomasal fluid was highly
significant. Results obtained with autoclaved ruminal fluid

suggested that destruction by ruminal fluid was dependent
on microbial activity, Activity of fluids from steers and

wethers were found similar,

Qo)
Guerrant, studied the efficiency of antibiotics in

supplementing the growth effect of beta carotene in vitamin A
=depleted rats,
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In his experiment, Weanling rats were depleted of
vitamin A ond then received for four weeks 1,0 microgram
: beta carotene in cotton seed oil daily,without or with 1 g.
per kg. diet of chlortetracyline hydrochloride,chloromycetin,
demethylchlovtetracycline hydrochloride,procaine penicillin,
sodium acrylate,streptomycin,terramycin hydrochloride,
tetracycline hydrochloride or zinc bacitracin,

Tho.additlona growth response in rats given
antibiotic over that in rats given non ranged from only 4% for
sodium scrylate or streptomycin to 44% for tetracycline
hydrochloride; the other tetracylines also appeared to bhe
effective,
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MAIERLIALS AND MEIHNQDS

en liguor u éd ncubati

The rumen content used for incubation through out
this experiment was brought from slaughtered gcaté from the
butcher’s shop very near te be college immediately after the
slaughter. The rumen wall was slited by a sharp knife and
a pound of rumen content was taken in a wide mouthed bottle
which was previously clesned snd carbondioxide gas from the
gas cylinder was filled in it by water displacement in the
laboratoxy. The bottle filled with rumen liquor was immediately
taken to the laboratory and carbondioxide gas was again passed
and the bottle was immersed in wamm water at sbout 39°C,

A 600 c.c, beaker was taken and carbondioxide was
passed in it for a few minutes. The rumen contentsx wag
strained in the beaker through a double folded fine muslin

cloth and 20 c.¢, of rumen liquor was pipetted into each
incubation flask,

ibiot reatmen

Aureomycin and terramycin at two levels i.,e, 0.25 mge
per ml. and 1.0 mg, per ml, of rumen liguor were used as
treatments thus 5 mg, and 20 mg. doses of aureomycin and
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terramycin were added to the experimental flasks in duplication.
The flasks were then gently shaken so that antibiotics mlght be
well distributed, '

while studying on the effects of these antibiotics
in carbohydrate and protein rich substrate sepérataly. starch
and casein wsid taken. One gm, of cach was added in different
experimental flasks,

'In vitro' incubation,

~ Incubation was carried out in 100 ml. conical flasks
{Pyrex), fitted with rubber corks., Each rubber cork was provided
with both inlet and outlet devicesin which inlet tube was kept
well below the ocutlet tube, This arrangement was made in order
to fit all ke experimental flasks in a series in the water
bath, .

To each of the flasks 20 ml, of the rumen liquor
was pipetted and the experimental flasks were treated with
respective treatments. 2 c.c. of 2 M phosphate buffer of pH
6.6 was added into the flasks, Two of the flasks were treated
with 2 ¢.cs 0f 10 N sulphuric acid to stop the fermentation in
these flasks and this constituted the unincubated sample,

All the other control and treated flasks were
immersed in a water bath maintained at 39°Ce 40°C and were then
fitted tightly with corks connected in series, These were
made air tight, Leakage was tested by placing drop of water

at the junction of flask and cork., The incubation experiments
were over in duplicate,
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All the flasks were gassed with carbondioxide by gas
eylinder through the inlet tubes for 15 minutes to maintain
anaerobic eondition which were tested ﬁy passing the outlet
gas in Bariumchloride sodium and also by a lighted paper.
After making sure that carbondiozide was arising from the
outlet, via both the outlet and inlet were closed by the pinch
¢ocks. The rumen content was thus incubated under anaerobic
conditions. The flasks were gently shaken every fifteen
minutes, throughout the incubation period.

After the specified incubation time all the flasks
were acidified with 2 ml, of 10 N sulphuric¢c acid. The whole
process of starting incubation was carried out within 15 to
20 minutes from the time the sample was brough to the laboratory.

Estination of SVFA in rumen liquor,

The totel SVFA in the rumen liguor was estimated by
bhe method of Elsdon et al (1946a)

The acidified rumen liquor of each of the flasks was
then taken to a measuring cylinder, Each flésk was washed three
times with 10 N suphuric acid end wes poured in the measuring
flask and Bhe volume was made to 40 ml. In 20 ml, of the
aliquots about 8 gm, of MgSO4 was added , The addition of
Magnessium sulphate served not only to increase the rate of
dbstillation of the volatile fatty acids, but also to hold

back HCL which otherwise might come over in appreciable
guantities,
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20 ml, of rumen. liquor thus treated was taken in the
{Markham steam distillation apparatus” umd was steum distiiled
( Maxkham,1942),

Two succeiibue distillates of 150 and 25 ml,
respectively were collected and titrated against N/10 NaOH
solution using 0.02 percent bromo = thymol blue as indicator,
The second 25 ml. distillate always did not contained any
acid, The duplicate distillation in the two stillss that were
rogula:lf used, did not, as a rule, vary by more than 1 percent,
Precautions were taken to see that steam distillation was not
too fast to make bhe tip of the condensor hot,

CHROMATOGRAPHIG _SEPARATION OF THE VEA

The chromatographic procedure followed was a modified
procedure of Bueding and yale (1951), The whole process consists
of the following steps which are described individually belowse

(1) Preparation of the VFA sempie for chromatography

The first 150 ml, of Markham distillate was made
distinctly alkaline aftexr titration by the addition of a few
drops'of N NaOH and was tﬁen waporafed down to 20 mlg. over
an even slow flame of burner., The mall volume of distillate

was then transfeered to a pyrex testum tube and was completely
dried down in an oven,

The VFA was then extracted according to the method
of Elsden (1945} ) into chloroform solution which is necessary
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for chromatographg. The dry powder was dissolved in 0,2 ml,
water and suffichent anhydrous KHSO, powder was added to form
a dry mass which did not stick to the sides of the tube, The
~ powdexr was then extracted 6 times with small volume of 5%
butenol in chloroform dried over Nazs)4and then made upto

solume,

{i1) pPreparation of the chromatographic colump

The Celite « Johns « Manville No.53%5 (Celite 535 )
used in the ehromatogra was propared for this purpose by
boiling it vigorously in concentrated hydrachloride acid for
30 minutes, to rembme most of the iron in it. The supernatent

- HCl was decandet off and the celite was repeateadly washed
with about 3 liter pentions of tap water till mearly free
from HCl, when it was washed twice with the same volume of
distilled water till completely free €rom HCL., Duzing the
washing, a fair amount of the finer particles of celite that
failed to settle down whthin 15 minutes was also decandet off,
The celite was then dried:m an oven at 110°C to a constant
weight, The dried celite was then wpshed with ether by pouring
it over the celite in a Buchnerts funnel and drawing off
the solvent by suction, The ether washed celite was finally
dided in a desiccator under continuous evacution,

8 gm, of this processed Celite was thoroughly ground
in 2 mortar with 4.8 ml, of 2 M Phosphate buffer at pH 6,5,



se that the buffer was unifornly distributed in the Gelite.
sufficient ehloroform equilibrated with the buffer was added
to the Celitn uhﬁii a liurry was obtained.'

The end of the column, of about 12 mm, internal
dianotar.was plugged with glass wool to act as a support !ox
_the Celite, A fow ml, of chloroform was run through the glasa
wool which was tampered again to remove the air bubbles in it.
‘About 0.5 gm. of the Celite slurry was introduced into the
column with the help of a funnel and sufficlent chloroform
was poured to make a suspension of it, The suspension was
stirred by a slender rod and then tamped down by another rod
- which had 2 flattened end almast as large in diameter as
the columns: The rod was given & twisting motion as 1t was
lowered and an even downward pressure was exerted on the
Celite, while packing it, The cdbumn was roteted slowly and
the edge of the pack was tampered round with the slender red,
The next chaxge of another 0,5 gm, of Celite was then introduced
and all the above mentioned steps were carefully gone through,
After the last addifon of the Celite, all floating particles
were tamped down so bhat the column surface was flat and even,
Particular care was taken to follow this packing procedure
in every detail soc as to avoid the formation of channels and
consequent poor resolution,
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The small volume of the solvent always remaining
bbove the Celite column was allowed to flow through until its
level just reached the surface of the Celite, From 3 « 5 ml,
of the solution of bhe acids in the solvent containing 100 -
150 micromoles of tobdl acids was allowed do flow into the
Celite, The sides of the column were washed twice with 3 ml,
portions of pure chloroform (CB o)‘ The column was then filbed
with CBy and 5 or 10 ml, samples were collected for titration,
Very often the first fraction of the elute was collected in
bulk of 50 ml, to save time and error tn the titration.

When the titration reading of the last sample of
elute dropped down to blank value, hthe receiver was changed
and after the remaining volume of CB, passed through the
column, it was filled up with the next solvent 5% butanol
in chloroform (CBs) and the same procedure as described above,
was followed till the titration reading again drépped down
to the blank value when the last solvent 20% butanel in
chloroformm (CB,,) was wsed,

‘l;h,ﬁ tﬁnt!.on of the elute was carried out with
etRinglic

N/200 aleohalic(KOH, using bremo thymol blue as the indicator,
Before the titration of the CB, fractions 10 drops of ofhansC

was added to it so as to avoid the false end point that is
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often noticed when the amount of butyric acid is less than
5 micromoles. This step was found to be essential to avoid
confusion in the titration of the CB, fractions ase pointed
out by Peterson and Johnson (1948),

The natural flow of the solvent through the ¢olumn
was sometimes found to be too slow. The efficiency of |
geparation of thé acids was found to be unaffected by
variation in the rate of flow of the solvents.

the sol 1] ated us

The use solvents were pooled and vigomously
shaken with about 5 ml, of strong ethanolic KOH to
neutralize the free acids if any., The pooled sample was
then washed with running tap water till the washing did not
gshow any sign of alkalinity, The solvent was separated from
the water with the separating funnel and was shaken with
cuclz granules for further drying, The dry solvent was
distilled in 2 glass distillation apparatus., The distillate
consisted of undetbrmined mixtweenf of chloroform and butenol
which was used to prepare fresh CB; and CB,, by adding
calculated amounts of pure chloroform or pure butanol teo it
based on specific gravity meassurements with the hydrometer,
The CB, was, however, always prepared from fresh chloroform,
The same pooled solvent was used indefinitely without any
apparent deleteriouskyx effect,
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17 A | .
Y ?f/" phosphate BuBifier, pH 6,5 « 104 g. K,HPO, and 190 g.
w i /kﬁzl'q‘ per litre,
Al 3: M ol= n - butanol, reagent quality.

/ 8+ Chlorofomm - reagent quality, washed with distilled

¥

uate';* for 2 « 3 hours to remove the alcohol added to
it for stabilisation. |

4, Ethanol « reagent quality,

S¢ Solvents « pure chlorwoform (CB,), 3% butanol in
chloroform (CBy) and 20% butanol in chloroform(CB,,).
All solvents were equilibrated with the same buffer
which is used as the stationary phase of the column,
5 ml., of the buffer per 100 ml, of solvent was %k
thoroughly shaken in a separating funnel, After
geparation of the two layers, the solvent was
filtered in order to remove any water remaining in
suspension, '

ESTIMATION OF GAROTENE IN FMEN CONTENT

The method suggested by Majumder and Gupta (1960)
after making a comparative study on the merits of the various
adsorbents and solvent combinations, recommended by Moore
snd Ely (1941), Zcheile and whitmore (1947), Bacharach( 19%0)
and Bickoff et al (1952), was followed for the estimation
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of carotene in rumen content. In stead of column chromatographys
powder chromatrography was adopted in this case as suggested
by Majumder & Gupta (1960) in another paper.

Py 11ed

The whole process which was carried out consists of
the following stepste
Incubation of rumen samples:« The process for incubation was
followed as in previous experiment except that in all the

bey 2mE

flasks 20 microgram of carotene was added.

Estimation of carotenet= 2 c.c. of rumen liquor was taken
and was run in a Waring blendor and was homogenized for a
minute with 25 c.¢. mixture of l:l acetone and petroleum
ether (b,p.40-60°C) as extractant and a pinch of quinol as
antioxidant, For each sample four such extractions were made,
The extract was then filtered through glass wool and taken
in separating funnel. The glass wool was washed thrice with
acetone 3 petroleum ether mixture and was collected in the
separating funnel. The acetone present in the extract was

then removedby wadung with distilled watex, Four such
washings were made,

The residual petroleum ether extract was then taken

in a 50 ml, measuring flask in which 10gm, of anahydrous sodium
sulphate was kept, Thus the traces of water remained was removed,

After that the extract was again taken in a beaker and was shaken
with 6 gm. of bone meal,Xanthophylls and other nonecarotenoid
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pigments were titua adsorbed. The pure carotene extract thus
obtained was then ailowed to stand for half an hour in a

dark place, This was then filtered through a Whatman No.40
filter paper and was then taking into a 50 ¢.c, measuring
flask and the volume was made by the addition of petroleum
ether, The carotene reading was then made in the photoelectnfic
colourimeter using a blue filter No,42 having approximate
spectral range 400 « 465 millimicrones. Before use the
celourimeter was set at zero with blank,

A

of 4

A standard solution of carotene was prepared by
taking 10 mg, of pure beta » carotene in 100 c.c. of petroleum
ether with a boiling point of 40°C = 60°C o Thus 1 ml, of
this solution contained 100 mierogrem, This solution in 0.1,
D62y 048, 0od, 89%x 0,95, 0,65 0,7, 0.8 coco were taken in
duplicate in clean,dxy pyrex test tubes and thus eontaining
10, 20, 30, 40, 50, 60, 70, 80, microgram respectively. In
each tube, volume was made upto 10 c.c, with petroleum ether
and the reading was directly taken in the cblouzimeter using
blue filter No.42 having spectral range of 400 « 465 millimicrones.
The standard graph was prepared and was attached,

s STATISTICAL METHODS

1, Analysis of variancet= Thie analysis wes done for total
fatgy acids produced and for the different fatty acids produced

under various treatments.
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The following is the set up of the analysiste

Bources of varia

Total
Between treatmepts Yel P DR z_ET_
- <
Within teedtments, N =Y 4 : Z
: or error ‘ : Eé i "Ny
M“dcﬁmo-t-amoaquoqw“ﬂ-m-----a-“-m-.-.#d
mr @y

Ne total number of obsexvations.

Y+ total number of treatments.

%= total corrected sum of squares.

‘Po between treatmants corrected sum of square,
Z» error sum of squares.

The analysis of varionce table provides a ready

‘means of testing the significance of the difference between

$lass means, A comparision of the mean square between treatments
with the error mean square prokides a test of significance of

d@iffereneges arising from treatments, The comparision is done

by finding the ratie of the mean square concerned to the
error mean square, This ratio is e varience ratio and is
denoted by *F'¢ This was seen in the F table at that particular
degree of freedom for significamte.
Sritichl differenceie

By this, the comparative effects ofdifferent treatments
on VFA production from starch were studied, As significant
differences between the treatments were obtained by F test in
Bhe analysis of varisnce, hence this test was dene.



Critical difference was calculated both at 5% and
1% level by the following formula ie

_Critical difference = t (with error d.f.) 182( 3
Tl T,

t - table value with error d.f.
5% error mean square.

r; and ry e« No, of replicates,

The critical difference value was then compared with

the difference of the averages between two treaimenis,
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1 cEfficlency of Merkham distillationte

Markham{1942) designed a apparatus known as *Markham
distillation appaxratus’s This apparatus is used for the
distillation of knwn quantify of rumen liquor, Standard
acetic acid solution wis prepared and 10 c¢.c.of dhe standard
acetic acid,sclution wis then added to the 'Markham Still?
end was steam digtilled,l S0c.c.of distillate was collected
and was titrabed againmst N/LO sodium hydroxide. The next
15¢.c.0f distillae was slso titrated and did not contain
the acid.The result of the recovery is shown in table 8.1 .

: TABLEA 4,1

Efficleney of distillation of Markham
diistillation apparatus.

‘Source No.o Amount of acid ercentage
observa| acid used recov rocovery.
-tions, N710 Nﬂh
mea valu |
W10 Acetic ) 10 c.ce ' 10.06 100.6¢ .98

acid

.

The teble 4.1 inticates that recovery from the distillation
apperatus was found to e about 100.6 persent.Too slow oxr too fast

rate of distillation wis found to produce errors.About 30 minutes
6f distillation was found to be optimum,
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ffbti of aration and mcovery of ac oni
tyzic acids from misture hromatogra n 5

A standard solution of known amounts of acatie. propioniec
and butyric acids in CBg was ‘prepared seperately. A mixture
of these three acids in the ratio of 3‘231 was madl which
contained about 150 micromoles in 5 ml. Diroct.étit:ation
of thi same amountof mixture with standared N/200 ethanolic
KOH served as the standared. ‘

% ml, of fe mixtupe was added to the chromatogram and the
recovery of the three acids was tested. The mesult of the recovery
is shown in table 4,2, '

TABLE « 4.2,
percentage recovery of VFA by chromatography.

No. o Ne, o Eluents| A-ount of | Amount of § Percentage
columnst obsems { acid used {§ acid reco- of
used, vations (ml ,N/200 { vered (ml. recovery.,
ethanolic { N/200 eth
ROH) noloc KOHY§ .
4 8 CB, 4,02 4,06 100,95
8 CBy 806 7,89 98,11
4 8 CBpg 1180 11,70 99415

The table 4,2 indicates that recovery for acetie
propioni¢ and butyric was 99,19, 98,11 and 100,95 percent
respectively,

The elution curve foryhedie, propioniec and butyric acids
in dixtures, based on the mean values of a number of runs in the
sameas well as in diferent columns, is represenéd in graph I in
which abscissa represents successive aliquots of 10 ce and the.
o#dinate the percentage of total acid in such aligot,
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Tt is seen fromthe graph that on an average 80 ml of
butyri¢, 70 ml of CBy and 120 ml of CBpg are required to
completely elute butyric, proponic and acdic acld respectively.
The interval between the complete elution of butyric and the
appearance of propinoniec is usually 10 ml of the eluent and
that between propionic and aeetic is 20 ml. The elution curve
varied slightly between ®ie columns and slight variation in
the inberval between the complete elution of the acids was
also observed.

A standard solution of VFA was run successively in ke
same column and in the different columns, for chromategraphy
to test the accurate reproducibility of ®e chromatographiec
readings in different rung of the same column and in the
different columns, The wesult shown in teble 4,2 was obdained
By taking iné congideration of the above mmtioned factors.

It is seen from the above observations that chromatow
graphie sopnutic.m :f these;l!threo acids by the procedure
described in the three 1s invariably quentitative, accurate
and highly reproducible between the columne snd between the
runs with the same column,

Slight variation in Bhe speed of elution between the
columns was obsemd but it was found that speed of
elution did notaffect the gccuracy of the pmocess,
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In order to test the efficiency of corotene recoverys
20 microgram/ 2 ml, of rumen liquor of pure beta « carotene
was added to Bhe unicubated rumen liquor and carotene was
estimated in the rumen ligquor alone and in the added rumen
liguor by the procedures described in detail in Chepter III,
The results obtained is presented in table 4,3,

T A B L B 4,3

Percentage recovery of carotene in separate incubations.

Category gﬁirotane present in 2 mi, (Percentage recovery
o] 11}
Sample No, 0§ T ( iiiljAverage §{ I 1 11 § TI1jAve

Rumen liguor 40,5 27.0 67.88 3
(unincubated) 39,5 29,7 68,2{ 45,33 | s = & -

8
Do + 20 /'2* 87,6 47.5 85,50
beta carotene $58.4 46.5 86,50 63,66 (96,66 97,91 97.72 97.43

The table 4,3 indicates that though there was
variation in the carotene content of the rumen liquor from
sample to sample as these were collected from the different
animals under different feed reghmes,,recovery of carotene
was found to be ranging from 96,66 to 97,91%, The average
percentage of recovery was found to be 97,43, The duplicates
of the samples also did not vary‘much. Thus the method
adopted was found to be quantitative and accurate,
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RESULIS & DISCUSSION

As the end products of microbial digestion in the

rumen are short chain fatty acids, this part of study was
undertaken to find out the effects of antibiotics on the
rate of fatty acid production and pattern of fatty acid

production.
‘in vitro® study

In order to see the effects of antibiotics on the

rates at which these different fatty aclds are produced,'in
vitro®study was adopted as the rates cannot be determined

directly because of the following factors which stand on the
way of Bheir estimation 'in vivo' te

{a)

(b)

(e)

(d)

(e)

Fatty acids which are produced are being diluted by
constant passage of saliva, intake of food and water.
Because of appreciable interconversion of butyrate
into acetate (Mukherjee, 1960).

Due to metabolism of the acids, particularly butyric
acid by the ruman wall itself (Pennington, 1952).
Due to absorption of fatiy acids through the rumen
wall {Me Anally & Phillipson, 1942; Barcroft et al,
1944 a).

Determination of rate of production of VFA 'in vivo?®
is a complex one.

Carrol and Hungate (1954) and Halse and Vella (1956)

reported an slternative approghh to fie problem 0f measuring
suninal VFA production which is based on the incubation of
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ofhwhole zumen contents for short periods under conditions
which simulate those of the zrumen.

In the recent years, the &rtificlal rumen technicue
has been found to be vexry useful in exploring the mysteries
of rumen function. Hence foi the sake of convenience and to
get the pr§liminary information regarding the effect of
antibiotics on rumen fermentation, the artificial rumen
technique of 'in vitro' incubation was adopted,

Antiblotics selected for the study and their levels used

Chlortetracycline hydrochloride and oxytetracycline
hydrochloride supplementations were reported to be the most
beneficial for ruminants. These two antibiotics were,

therefore, chosen for this study.

Different levels of antiblotics have been employed
by different workers. Recently Klopfenstein et al (1964)
reported on the effect of 5 meg./ml and 500 meg/ml of
aureomyecin on'in vitro' gas production. The low level of
anthbiotic did notproduce a measurable effect. Inhibition

of gas production was reported by 500 mcg/ml dose of
aureomyecin,

As repokbed by Klopfenstein et al (1962) that gas
production was uignlficéntly correlted with fatty acid
production, it was thought to study the effect of the two
levels of antibiotics i.e, one mddium and another high to
see the extent of effect of the antibiotics,
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Bartley at al (1951) fed daily doses of 200-800 Bg.
of aureomycin per 100 lb body weight to calves 12 = 16 weeks
old without any detrimental effects. One calf of 16 weeks
old that hdg not received antibiotic was fed 2500 mg. of this
antibiotic daily for 4 weeks without haxmful effects.

Ne¥i¢ & Ibrovié {1963) used 0,25 to 0,5 and 0.8 gm.
of terramycin & sureomycin respectively to the sheep in order
to know the effect of antibiotics on fermentative processes
in the rumen, Bacterial activity was found to be most affected
by aureomycin & terramycin., They suggested that these
antiblotics would be given by mouth if it ig desired to suppress
the bacterial activity for exaemple in bloat but rumen fluid

from normal animals to restope the flora, should be given.

As reported by Mukherjee (1960) the approximate
capacity of rumen of sheep is four litres, Thus 250 mg. to
500 mg, terramycin & 800 mg. aureomycin has been used for
4000 ce¢ capacity of rumen., Hence terramycin has been used

in 0,06 to 0,12 mg. per cc and gureomycin in 0.2 mg, per cec
of rumen content,

Therefore it was decided to take a médium dose of
0425 mg/ml and a high dose of 1.0 mg/ml of boththe antibidties,
The higher dose hdd been taken to see the extent of the
effect of antibiotics on rumen fermentation,
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/poxiod of fasting varied from animal to animal, Incubation

égatu with proper precautions as detailed in chapter 3. The
fgeata were fasted forsseveral hours before slaughter and the

| was carried out (as described in chapter 3) for different

(memoles VFA/Litre of rumen liquor)

Source
Rumen liquor
(unincubatid) 43
Rumen ligquox
(incubatod) 51
do + Auroamyein
0e25 mg/ml 60

do + Aureomyein
140 mg/ml 50,9

do ¢ Terramycin
0,25 mﬂ’ml 63

do + Terramyein
1.0 mg/ml 54

TABLE 9.l

Total fatty acid production in 4 hours of tncubation
in individuul incubation experiments,

153

99.5

9749

97

81

81

19

969

17

7

. samples separately and the total VFA was estimated in them.
| Hesults obtained has been presented in table S.le

] ;i Rumen samples were collected from the slaughtered
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It would appear from the above table thatthe
initial VFA concentration in different experiments varied
considerably and 1s due to the individual variation of the
sources as also due to the nature of food material in the
rumen end to the period of fasting preceeding collection of

Qampl @8,

The rate of production during 4 hours of incubation
was found to be correlated in most cases with the inktial
VFA present in the samples (as shown in the graph). Thus
the sample showing ®ie highest initial congentration of
101 m.moles/litre of rumen liguor produced as much as 50
m. moles as against the lowest is amount of 10 m, moles
in the sample, also cpntaining the lowest initial amount
of 41 m, moles/litre of rumen liquor,

This trend wgs obtained wikh almost all the
treatments and the addition of the antibiotics did not
affect the rate of production _ofthe acids irregpective of
the initial amount and rate of fermentation of the rumen
samples, |

££ tal f d pr ion and ra f productions

The summary of the result obtained from the
average of fkwe separste incubations is tabulated in table
8.2,
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TABLE 95,2

Total fatty acid production in 4 hours of *in vitret
: ingubgtion under various trestments,
{m.moleg of VFA/litxre ofrumen limgor)

“TEource

Rumen liyusy © 2,5 1242

0.25 mg/ml B 26,3 # 6s2 14,5080 646 $ 1.5 3.6314.]

do + Auxcomycin , . ,
LOmg/ml 9 23,0 3 6e8 9.5049 3,79 ;x.'*r 24501725

do + Texrremycin .
0,Bug/ml 5 W4+ TD 12252 6,35 & 1.8 3.2513.2

-] 33.2.*791 13 - 49 5‘3: 1e8 3425e122

- The zrumen liquar cbone on 4 hours of incubation
produced 23,6 m. moles of VFA per litre of the rumen liquoxr
buthimhen treated with variocus doses of antibiotics, it
seemed t0 renain almost the seme,

After alysing the data sttistically the variations
betwesn the trostments were found & be non significant. The
rogult of tho analysis of variance is shown in table 5.3,
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TABLE 5.3

Analyss of variance of total fatty acids produced '
in 4 hours of incubstion under various
' treatments

“Souzces e To § Corrected( Wean 0§ F
of : g Se Se square(Test
varition § {
Total 24 4828,34
Between
treatments 4 - 59,24 4,80 - =
14,81
wWithin °
treatments 20  4769.10 ' 238.45 ;
{ exrox)

The rate of production of VFA of rumen liquor alone
was found to be 5,8 m. moles/litre of rumen liguer per hour,
The range as indicated in the table was 2.5 to 12,5 m. moles
per hour per litre., This indicated large amount of variation
from samples to samples. This wide variation may be due to some
of the following reasunsgs ;

a) The samples were collected from different anfmils
whose intakes were not similar; :

b} the lack of optimum condition for 'in vitro®
fermentationg

¢) due to inharent varidions in the factors controlling
the rabe of fermentation such as types and the no, of miéroflora
present}

d) due to concentration and the nature of the

subgtrate etc'. in the rumen.
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There was not much difference in the rates of

average VFA production in untreated and trahted samples
and amongst the trestments.

‘Apparently observed glight fluctuations in the
results with different treatments are within the range of

~ experimental variation expected in a work of this nature,

Both the antiblotics i.e. aureomyecin and terramycin
behaved similarly with regards to total VFA production and
rate of production, No significant difference was observed
in behaviour of either ofthe two antibiotics as also between
their two doses of administration,

cus

The ab;vo %indings are in aggrement with Hungate at al
{1955 a) th#bthe capacity of rumen orgahisma to;fbrﬁ fermentatic
products hd not been changed by antibiotic addition. Raun at al
{1962) found 89 micxo'moleaﬁml of rumen liguor in the basal
ration while in chlortetracycline group, they hed obtained
83 micro moles/ml, i

Congmazy to our finding, Preston et .al (1959) and
Dinda ( 1960) repotédd reduced concentration of lower voldtile
fatty acids while working on the early weaned calf whersas
Hibbgs and Connard (1953) did not find any difference in the

average total VFA,
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However our result obtained with goats maintained
Ptaetiellly on roughage only are not comparable with the
findings of Peeston et al (1999) with early weaned calves
whose ratbon of necessity is of a completely different nature.

The teridency of 0.25 mg./ml. of aureumycin and
025 mg, doss of terramyein to produce slightly more VEA
Bhough statistically not significant is in aggrement with
Klophenstein et al (1964) whose treatment B i.e, infusion of
20 mg. of auéeomycin { suspended in 5 ml, of water) into the
rumen via the fistula 90 minutes prior to feeding, had a
tendency to produce greater concentraiion of VFA'in vivo',
Effect of antiblotics on total VFA production in presence of

arbohvdrate and protein rich substrates

Starch and casein were taken as the carbohydrate and
protein rich substrates respectively, Excess amount of starch
and casein were added to the control andexperimental flasks.
The main object was to study the comparative effects of =
antibiotics in carbohydrate rich énd protein rich substrates,

The total VFA production and rate of production in starch rich
substrate is presented in table 9.4,
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Garbohydrate rich substrate g=

I ABLEDJSA

Total fatty acid production in four hours of incubation
b\{ the addition of staxch.
{m.moles of VFA/litre of rumen liquor)

Gource

erage a;ge Average
Rumen liquor 3 24,7+ 12,2 10= 49 6,17f 2,03 2,% 12,35

Rumen liguor+ 3 51.21‘ 12.8 20,574 12,8 + 3,2 7,37=18,5
starch »

DotAureomycin 3 44,5% 8.5 29,559 11,12+ 2,1 7.37=14.7
0,29 mq./lnl. w

DotAuzeomycin 3  39,0% lle4 17-54 8.79F 2.8 4,25-13.9
1.0mg,/mi.

WTerrmciu 3 4408: 11.3 280606,9 11.2: 2.8 7.0 «16,62
‘ OQ%QQ/EIQ :

Do+Terramycin 3 28,7+ 10.8 1249 717+ 2,7 3,0 «12,25
J--mg-/ ® a4 v

iobs. § Av

The total VFA production by the addition of starch
was raised., In rumen liquor alone it was found to be 24,7 m.
moles/litre of zumen liquor while with starch,it gave 44.5
m.moles/litre of rumen liquor, But the production of VFA was
found to be inhibited by all the treated levels of antibiébics.

Tn aureomycin 0,25 mg./ml, and 1,0 mg./ml, troatmentg-.'
total VFA production was found to be 44,5 and 35,0 m.moles '
per litre of rumen liguor where as in terramycin 0.25mg/ml, 4
1.0 mg,/ml. doses it was 44,8 and 28,7 m.moles/litre of
rumen liquor,




* 75

The rate of production also raised from 6.17 m.moles
per litre of rumen liquor per hour:in rumen liquor alone to
1?.8 m.moles after addition of starch. The rate of production
1? 025 mge/ml,,1,0 mge/ml, aurcomycin and terramycin treatments
was found to be 11.12,8,75,11.2, and 7.1l m.moles/litre per hours
gispactivelv.

/

‘ Thus VFA production with higher doses of anitibiotics
,Qas found to be lower than VFA production with lower doses.
~similar doges of both. aureomycin and terramycin acted in a similar

" manner as there was no appreciable difference with reggrds to

‘: VFA production with equal levels of both dke antibiotics,

- Pxotein xich substrate,

[ 4 Data of total fatty acid production and rate of

production in protein rich substrate is presented in table 5,5,
I ABLE S

Total fattP actd production in four hours of incubation

hI the addition of casein,
(m.moles of VFA/1litre of rumen liquor)

21

Source No, §_lotal VEA produced Rate per hour
‘ 8°£ 8 Average pr Range g Average 8 Range

obs{

Rumen liquor 3 11.0+2,08 8«15 2,73+ 0,52 2= 3,75

Rumen 1iquor 3 4203:14.7 14.5 - 6405 10.57+ 3.6 306’ 16.1
+ cagein v

@otAur, .25 3 19,17+6,9 Be9 « 32 4,79+ 1,7 2.1 8,0

mng, ml,

;OIAHZ'.IEQ. '3 19,9 :9.8 4,0 & 35 " 34872 244 1=8,75
mie

te

do+Terzr. 3 17,9 +6,5 8.0 » 30 4,37+ 1,6 20 745
.25mg./m1. iy L4

do+Terz, 3 13.1?:4.3 T=23 3e20+ 1,07 1.7 » 5,7

1.0mg./ml,
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The data of table 5.5, indicates thatby casein addition
also,VFA production raised from 1l m.moles to 42,3 m.moles per
litre of rumen liquor while rate of production raised from
2.75 to 10,57 m.moles/litre of xumen liquor per hour,

The range of tot'al futﬁa at.'c!.d production by the
addition of casein in four hours of -incubatidn was found to be
from 14,5 to 84,5 m.moleg/litre of rumen liquor, A wide veriation
was observed, A proba;bli reasoﬁ for such a high value as
fxkix 60,5 m.moles/litre in one sample may be due {0 pree
pondrance of deaminating organisms in the sample or as reflucted
by the high initial acﬂrity inlthis' sample of rumen content,

In aureemycin 0422 mg./=ml, and 1,0 mg./ml,sample,the
total VFA production was found to be $9.17 and 15,5 m.moles
per litre while in terramycin 0,25 mge and 1.0 mge. per ml,
semple, it was 17.5 and 13,17 memoles/litre of rumen liquor
respectively.

The rate of production in 0,25 mge/ml, and 1.0 mgo/tl o
aureomycin end terramycin treatments was found to be 4,79,3.,87,
4,37 and 3.29 m.moles per litre of rumen liquor per hour '
respectively, :

In samples treatdd by antibiotics,VFA productioﬁ was
ndﬁcod depending wpon bhe levels of antibiotics used, In cases
of both the antibiotics,reduction was slightly more with highex
doses but both aureomycin & terramycin almost reacted similarly,
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VFA production from starch and cesein under various treatments.
The inhibition of total VFA production could not be

found when rumen liquor without any nutrient was treated with

various doses of antibiotics trectment as mentioned before

but antibiotics at both the levels effected the VFA production

in both carbollydrate and protein rich substrates. The VFA

production from starch and casein under various trestment

are presented in table 5,6 and 5.9.

tion £ rch 3w

IABLE 5.6

Total fatty acid production in four hours of incub@tion
fran starch under various treaments
{m.moles of VFA/litre of rumen liquor )

BouTce 8No.o€ﬁota1 VEA %rodgced 8 —fate per hour,
3 obss { Average ange Average E Range

starch 3 26,5 19,5« 39 6,62 | 4487%8,75
do+Auz ein 3 19,8 10 -« 30 4,95 2.5 «7.5
O.ﬁmg./mg. . ]

do +Aureomycin 3 10,3 5 « 19 2497 1.25+4,75
1.0 ng./mld \

do +Terramycin 3 20,1 17.5« 25 9,02 4¢37w6,25
025 mg»/ml. j :
do +Terramycin 3 4,0 0= 10 1.0 On2:9

1. ﬂgp/ﬂlo

The VFA production from starch was found to be
26,5 memoles/litre in the rumen litre without treatment but
there was significant inhibition in fatty acid production
in all antibiotic treatments.
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VFA production af from starch, in aureomy 029 mg./ml,
and 1,0 mg./ml. treatments was 19,8 and 10,3 memoles per litme
Fespectively and in terramy cin 0,25 mg./ml. and 1.0 mg./ml,
tresments 20,3 and 4.0 m.moles/litre respectively, Thexxste

The rate of production of VFA from starch was found
Lo be 6,62 m.moles/litre/hour which wys reduced %o '4.95.2.57,
9.02 and 1.0 m.moleg/litre/hour in 0.:3 mge./mls and 1,0 gm./ml,
aureomycin and terramyein treatments respectively. The range
of rate of production of the control as well as the treatments
has algo been indicated in table 5.6,

As indicated by the tzble,apparently in both the
antibiotics, 1.0 mg,/ml, dose was found to depress the production
of VFA from starch more than 0.2°mg,/ml. dose. Treatment of
béth the antibioties equally reduce the production but
terramycin treatment in 1.0 mge/ml, dose was found apparently
to depress the production slightly more than 1.0 mge./ml.
treatment of aureomyein., A great variation in the production
of VFA was noticed frxom starch when it was added in diffarent
samples as the range of production w,s found to be 19.5 to
35 m.moles per litre of rumen liquor.

VEA production fron starch under varioue trestments
was statistically anslysed and the result is presented in
. table 5.‘ and 5.8,
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LABLEST

Analysis of variange of VFA production from starch

"‘"‘"‘fsmae Y ! d.i‘.g éaeted T e Squaroaﬁut

Total 14 1484,33
%;twee.at 4 9%4 .83 238,71
fream s ; ‘ . 238471 '
2499
Within - =4,98%
treaments 10 529 « 90 92,95
( error)
¥Slgnificance at 5% level,
t

As significent difference between the treaments
was obtained by F test,a com;aaraﬂve sbudy ofdifferent
treatments was madle by' applying critical difference test
which is presented in table 5,8, "

I A B L ESGS
Somparision of fatty acid production from starch between
various treatments by'Critical difference test’

lerences

Treaments = §
averages

Starch vs Aurcomycin 0.25 ml. 67
Stareh vs Aureomycin 1.0 mg/ml. 16,2%
starch vs Texrramyecin 0,25 mle 644
Stexrch vs Te%myc!.n 1,0 ml, 22,5%#

Aurew:i.n i : mle Vs 9.8
Aureomyein 1, ® °
Aureomycin 425 mg/ml, vs

Terramycin .25 mg/mi, 0.3
Aureomycin .25 mg/ml, vs

Texramycin 1.0 mg/ml, 15,8%
Aureomycin 1.0 mg/ml, vs

Terramyein .25 mg/ml. 9,8
Aureomycin 1.0 mg/mle vs

Ebrramycin 1.0 mg/ml. 6.3

Terramyein .25 mg/ml, vs
Terramycin 1.0 mg/ml, 16417
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From the table 5,8, it is clear that higher doses
éf both the antibiotics significantly depressed the production
of VFA from starch but dhe reduction is case of 1.0 mg./ml,
level of terramycin treatment was found to be highly
significent.

The VFA production from cesein under various
treatment 1s presented in table 5.9,

I 43 L ES59

Total fatty acid production from casein under varicus
‘ treatments in four hours of incubation,
{m,moles of VFA/litre of rumen liquor)

-

Soure No.0f)_Total VEA producead Rate per h
lob3s(Averags 1 Hange— |Wverage T Tefas

Casein 3 31,3 6.5 54,5 7.82 1.62+13,
do +Aureomycin 3 8.17 DeD= 17 2404 0,12=4,2
0.25 mg/mle - 3 !

do + Aurecmvein 3 4,5 w40 20 1.12 «),0= 5,0
1.0 Wmln :

do + Terramyein 3 6.5 O=15 - 1.62 0= 3,75
0.25 mg/ml, : oipd

do + Texramycin 3 2417 «1,0= 8 0,54 «0,25=2,0
1.0 tg/ml. ' oA L

The VFA production from casein was found to be of
almost same order as starch, The average value of fme three
obexvations was found to be 31,3 memoles per litre of rumen
liguor as compared to 26,5 m.moles in case of starch,
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Fatty acid production from casein treated with
aurcemycin 0425 mg./ml,, aureomycin 1,0 mg./ml. sterranyein
025 mge/ml, and terramyein 1.0 mg./ml, was found to be
8el744.5,6,5 and 2,17 m,moles/litre respectivelg,

The rate of production of VFA per hour in the zumen
~ llquor without casein was obtained as 2,75 m.moles/litre
were as 10,57 m,moles/litre was found in the zumen liquor
with casein, Rate of production from casein only worked out
to be 7.82 m,moles of VFA per litre/hour,

The rate of production from casein i.e, 7.82 m.moles
per litre per hour was reduced by the antibiotics treatments
to 2,04,1.02, 1.62 and 0.54 in aureomyein 0.25 and 1.0 mg./ml,
and in terramycin 0.25 and 1,0 mg./ml. respectively,

The effect of various doses of the antibiotics was
found to inhibit the rate of fatty acid production. Apparently
higher doses of both the antiblotics affected the production
more than the lower doses. Apparently terramycin 0.25 mg./ml.
and 1.0 mg./ml, tmeatments were found to reduces the preduction
of VFA slightly more than aurcomycin 0.25 mg and 1.0 mg. per
ml, of rumen liquor dose,

The range of VFA production in 1.0 mg. treatment of
sureomycin and terramyein was found to be =4,0 0 20 and 1.0
to 8 memoles/litre of rumen liquor respectively,
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- From the above tables and graphs,it is evident
that all the antibictic trestments have resulted in the
inhibition of fatty acid production from both starch and
casein. Percentage inhibition of fexrmentation of starch and
casein in four hours of'in vitro' incubation under various
treatmndds was caleulated by tha fbllowing formulaan_

Percentage inhibition =

VFA produced from starch or casein
multiplied by 100,

{hglpotcgntage inhibition thus calculated is presented in
able 5

I A B L ES0

Percentage 1nh1b1tion of fermentation of starch and casein
in four hours of incubation under various

trectmants,

Treatments TPercentage InRibition(Percentsge

gin starch fermentatie 1nh1b1t1nn in

on casein fermentation
Aurcomycin 0425 mg./ml, 24,76 75446
Aureomycin 1.0 mg./ml,. 63,27 26,08
Terramycin 0e2D mgn/le 22,09 _ 82,09
Terramycin 1,0 mg./ml,. 87409 97,38

The perusal of the data of table 5,10 indicates
that higher dose treatments of both aureomycin and terramycin
affected bbe fermentation of both starch and casein,

-
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The lesser dose 0,25 mg, doses of aureomycin and terramyein
affected VFA production from casein more i.e 75,46 ¥ and
82,09% than from starch f.e. 24,76% and 22,00% réspectively,
- Higher doses of sureomycin and terramycin also inhibited VFA
production from cagein glightly more i.e, 86.03% and 97,38%
bhan starch f.e. 63,27% & 87,05% respectively.

Discussion

Higher amount of starch and casein used in
experiments resulted in higher production of fatty acids
from both these nutmiints in control groups. The higher amount
1.#_. one gms pEr 204! CeCe Of rumen liguor was added in oxder
o visualize the effects of antibiotics more prominently on

the production of fotty acid in carbohydrate and protein
rich substrate,

Higher production of fatty acid after the
addition of starch was due to its easily fermentable nature.
The microbial population prefers these soldble sugars like
stazeh and quickly fements it to short cheln fatty oeids and
datic aeid., Rao (1963)/reported higher fatty acid production
by the addition of starch as substraté and also from the maize
which is a starch rich substance. |

The production of more VFA due to casein addition
was giite ina aggrement with el « Shazly (1952),Annison(1954)
and Devis et al (1957), They studied the effect of protein rich



rations on the zuminal VFA and observed increased concentrations
of total VFA's when high protein dists were fed, ele Shazly( 1952)
observed that the brancheds chain acids arose chiefly as end=
products of protein degradation, and also found a correlation
between the concentrations ammonia and the Cq4 and Gg branchede

chain acids in rumen after the injestion of protein « rich
foods. :

Through analysie of rumen contents MeDonald(1954)
and MeDonald and Hall (1957) demonstrated that hbe rapid
degradation of casein and the much slower degradation of
zein was accompanied by the formation of ammonia and fatty
acids.

Thus the higher m.moles VFA production due %o
'in vitro® casein fermentation in rumen liquer has beeh

found to be quite in aggrement with dke findings of the
above workers.

The wide variations in VFA production betwaen
samples from starch and ¢osein were due to ems {i) samples
obtained from the different enimals under different $eed
regimes and {ii} variations in the activities of the
microorganisms present.

Antibiotics treatments inhibited the production
of VFA from starch, The reduction was more with 1.0 uig./ml.
treatment of both the antibiotics then with 0425 mg./ml,
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treatment of both the antibiotics. Thus it seems that =
activities of repidily growing bacterias afe being
affected by the antibiotic treatment. Aureomycin and
terramycin affected in a similar manner.

Klopfenstein ot al (1962) reported that gas
preduction was significantly correlated with volatile fatty
acid production, They observed further in course of their
studies on effect of antiblotic and time on zumen activity
Bhat antibiotics added at the came time as the nutpiént
solution caused a grester decressPng in gass production than
when added 100 minutes after the addition of nutrient
solution. On the other hand, nutrient added 100 minutes
after the addition of antibiotics gave rise to significantly
less gas preduciion than bhe simultaneousk addition of both
nutrients and antibiltics at the same time,

Thus from the a2bove work,it is evident that
nutrients had a tendency to produce more gas without =
antibiotic but when antibiotic was given at the same time
or before the nutrient addition,less gas production occured
in spite of nutrient addition,

In our case also,nutrients had a tondency to
produce more fexmentative product like VFA in our case but
when antibiotics were given at the same iime,less VFA production
from nutrients resulted, Hence our findings are in aggrement
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with the above mentioned workers.
5 youns Goee e nants
The beneficlal effect of antibiotics might be due to

their protein sparying action also as Bhe young ones are

gemerally given protein fich diets.

This part of study was under taken to determine the
effects of the antibioties on the produetion of three prineipal
products of cellulose digestion in the rumen i.,e., acetic,
propionic and butyrie acids.

The percentage composition of thesWF three ackds
in the rumen liqueor bifore incubation and after four hours of
#ncubation was dateimine with 2 view to get a clear picture
¢f the chemical processes taking place during incubation. The
results obtained have been shown in table S.1l.

LABLES3.A

Comparative percentage composition of VFA in the rumen liquor
before and after four hours of'in vitro' incubation
{ average of three separate incubations).

Fatty acid ercentage composition JPercentage composition
of VFA before incubati=lof VFA a%ttr !Ecuba-

Butyric 18,7 + 3.02 18,8 & 1.3

Propionic 19,8 # 0,39 2063 4+ 0,42

Acetic 61052’ 1.6 60,9 i’ 1.4
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The table 9,11 indicates that thede was almost
no change in the percentage composition of initial percentage
of individual acids present in the rumen liquor which
represented the "in vive'! pattern and in the rumen liquor
after four hours of 'in vitro' incubation represnting
'in vitro ' pattern. Thus it was found that percentage
compositian of VFA on 'in vitro' incubation did not alter
from the initial pattern of fatty acid in the rumen liquor
of the slaughtered animal, Thug 'in vive® pattern was to a
great extent maintained in the 'in vitro® incubation.

 The percentage composition of each fatty aeid
in rumen liquor under verious treatments was calculated.
The result has been presented in the table 5,12, ASger
various levels of antibiotics treatment,the perce?&age
composition of VFA in rumen liquor in four hours Mbal!on,
was found to be slightly @ltered, ;



- m“mm EP°T + T°19 - mu% €G%0 +1°91 ..w”mm 8*T 48°22 ¢ ﬁowﬁmﬂ»ﬂm
- m.nmw g8°0 ¥ °19 - m“%m 69°0 FI°LT ..wn% L°8°38° T2 € 5& \w.wemmmw
wirer pen Dt . e B R L1 ez ¢ eﬁw_ﬁo\wu«mmw
. m.umm 8°T + £°09 - ﬂ%m w0 ¥9°91 .m.uww v°1 n«._nm € ﬁhﬁ“mw%hm
o$ it viTies o Zv°0 Ter0e ~coot €1 ¥8*81 . £ Lﬂﬁg
4 6c70 T%6T = 6°5%  LubleT L8t SonBrT e
Ak R T S — T SETT ﬁoﬂaoluw

UOTICAIISGO 99 0 ofexeAw |SIUSWICET} SNOTIRA Jepun UOTIEGRIUY
mmﬂumlﬂ Ino3 “ ueﬂwumﬁlﬁ Ut PIP® 43383 30 wopjysoducs ebejuedzed

ﬂq.mNJMﬂH.



il

47 .
gy e b
- ¥ L5 H
sulh st § ¢ + H = 4 |
BEEE] Hiel i
S HH: Saas)
% it . !
: y
" b 3 $ Rl ‘
y 40 8 &
T
By
iy
H i,
q
o 1. ‘\ L3 W
Sas H ) h B B
asiiss &
5 ,
32 : , | : T
H b 3 :
st SEisES 5 ' 3
aw - 1 " 2
”..u= : ; 4 ﬂ.: M L
. ’ - ¥
r : r
i : - 3
f A
5 : d
tH
4 e 4
Bicsisinil g + - !
25essans TS §51 H e 483352 00
B 1 HETH + 4 itknsl !
- - - H 23 3 [ i1 14 1 1 :
i : i it 1 5il |
1 : L : g 5 [ .
- " -® - H "t -+ - -
= y 1111 1 ..._....ru (| ﬁ g L 358 i T ’
..m : § HH44 | u_.# 1y 4 - - i -4 04 3 .4 44 4 i
o b -
=135 * Arury H SIRIR: =2 I3 3] Y
13 , L Erastiizs o i :
u | bt 883 444 b .- » o 4 oo
: i 3553 e HE T b i
| ] i Foodiend SShaRy B i
- . ; FEIRES Tt i
% 1|
-4 A - ¢
i 3 i 4 4] :
J “ ks
5 - A - LTE ss= . -
i ’




E

E

j

_

!

¥

[ 1=t

{ H

. T

{ it

HHE 4 t
T a2

jesaa =

Taacs =

i =
! =

gl

i

i
i 1
- puopsuanL Si=
b :
g
. i tHH
it it TaERe e
4 Hih sm e
1" ‘e [
58 1
Eaza 2
R 3
H....m. 88
i 0 &
te : i
Tth T
i 1 :
o nal 1
Hab
Hith H HHH
FEE R i BEm
paEaE: T
s8aRe8E| odases:
b1t e 13
R
iu Ay as e
8 BN “ 1
1 H T }
ety BepuhpaEas s
T e b 1H
A 1
fissa il HEHHEH 8
HH Hpri } e
HH e st I
gE s eisanganas 1 128
AP = =3
b ot it 52
:_M jiesaracy o i
B 4 TREER 3
H L8
1
mEs i a U
aeasacasdsaga bon
8

128




e

It is evident from the table 9 ph that
antibiotics in general apparently raj acid
percentage and decreased the peicmt '1. acide
No change in aceticéacid percentage I iotic
treatments was noticed,

1.0 mg, treatments of both aurel] ¢in
seemed to had a slightly greaster tec : the
butyric acid percentage and to decrea ";‘! onic

acid percentage, than tha lower level | »E both
the antibiotic, Aureomycin and terramy affected
similarly in the pattern of fatpy acid |j |

With view to examine more criticall of the
antibiotics on the pattern of fermentati :. e of
dach of the three acids produéed m:.ng Te
caleulated so that the masking effect of acid
present in e rumen content was eliminat \ t is

presented in table 5,13, \
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It is seem from the table 5.13 that a great variation
had occurzdd in the pattern of fatty acid production in the
treated group from the control. The average of each fatty acid
produced in the contrel group was found to be 3 butyric 2,67,
propionic 2,92 anddéacetic 5.88 memoles per litre of rumen
liquor, '

In stead of that,in the wexox 0,25 mg, and 1.0 mg,
aureomycin treatment and 0.25 and 1,0 mg./ml. terramyecin
treatment, butyxric aciqﬁfaund to be 6.64, 5,19, 5.48, 5,3}
propionic acid 1,39,80,10, 1,46, 0,51 and acetic acid 8,15,
Del7y 7432, 7.10 m.moleaﬂ-litre‘;espectivaly.

The rate of production of individual fatty =e¢id in
§our hours of incubation under various treatments was alse
salculated and hss been presented in table 5.14,
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Table 5,14 indicates that the rate of broduction in the
rumen liquor alone was 0,67, 0.73, 2,02 m.moles/litre of

rumen liquor per hour for butyric,propionic and acetic acid
respectively.

The rate of productlon hr:butyru acid in the 0,25 mg.
and 1.0 mg, treatment of aureomycin and 0,25 mg, and 1,0 mg.
per ml, treatment of terramycin was found to be 1,66,1.30,1.37
and 1.33 m.moles per litre per hour respectively.

The rate of production for propionic acid in the 0.25
mg./ml,, l.OAmg./ml. aureomycin treatment and 0.25%1.. 1.0 mg./ml,
terramycin &tatment was found to be 0.35, «0,025, 0,37 and
0313 memoles/litre/hour respectively while the rate of
production for acetic acid in 0,25 mge/ml. and 1.0 mg./ml,
treatments of aureomycin end terramycin was worked out to be

2,704 1471, 2,52 and 2,13 m.moles/litre of rumen liquox/hour
respectively.

The difference in the composition of fresh fatty acids
produced was statistitally analyséd for each acid separately
and the result has been presented in table 5.15,
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I 4B8BLE SIS

Analysis of variance of fresh fatty acids produced
under various treatments,

FTatty acid | Sources of 33.3. corrected S.§.?ﬂoiﬁ'"“’gF Test
Enggggggggp 8 ny gquare = 1

Total 14 43,4066
Butyric |
Between i : :
t;oatmonts 4 28,9750 T« 2437 5,01
within : R
treatments 10 14,4316 = 1.,4432
( exrror) -
Total 14 20,5062
Propinic Between
treatments 4 15,1781 © 347945 7 ,06%%
wWithin
treatments i0 95,3281 «9328
( exwor) ‘ : :
Total 14 93,5157
Acetic ‘ Between
- treatments 4 30,0910 | 7.95227 1,18(N.S
Within
treatments 10 63,4247 6.,3425
(-rrar)‘

“Significanty @t Y level) v+ Highly sigBificante @t 1% level):

ANeSe= Nonesignificande.

It is evident from the above tables that
antibiotice affected the butyric acid production positively
and propionic acid production negatively. In the fresh fatty
acldsproduced,there was not much difference in the acetic
acid production taking ke total fatty aclds produced into

consideration.
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By statistical analysis also, it was found that
there was significant difference betwcen the treatments in the
production of butyric acid (PL.OS) and[-’ﬁgopionic acid( R/L0L)
while in acetic acid production, difference between hbe
treatments was found to be nonsignificant,

gcggentati camegsition of bhe fresh fatty acids produced
under various treatments.

Percentage composition of fresh fatty acids produced
under various treatments was also calculated and has been
presented in table 5,16 3 5,17,

Table 5,16 presents the comparative percentage
composition in individual fatty acids found in the initial
rumen liquor and in the fresh acids produced in four hours
of incubation,

IABLE 5.6

Comparative percentage composition of fatty acid in the inibial
rumen sample and fresh fatty acid produced from it in
four hours of'in vitro' incubation without
treatment.

Tat cid Fatty acld composition Ingﬁerceniage composition in
s g §-§ﬂ;§lll rumen 1gn§§ fresh fatty acids produced
verage

e .\ __Average Range
Butvnc 18,8 : 1.3 16,3=20,2 19.27: 1,35 17.5-21,1
Propinic 20,3 + 0,42 20,0-20.4 20,96+ 1.9 18,63-25,25

Acetic 60,9 & 1.4 5964=63,7 984774 142 57,2560,27
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It will be seen from the table 5.16 that much changes
in composition were not found between the initfial VFA and
that produced during incubation, The composition in both

the cases were « butyric 18-20%, propionic 20=22% and
acetic 58=61%. |

The antibiotic treatment markedly affected the
percentage composition of fresh fatyh acids produced as shown
in the table 5.17 on page 96. Much chapges were observed
with regards to butyric acid and propionic acid by the
antibiotic treatment while acetic acid percentage was not
affected. The percentage of acetic acid in control as webl as
in 0.25 mg./ml, and 1.0 mg./ml, aurecomycin treatment and in
0425 mg./ml, and 1.0 mg.Ml, terramycin treatment was found
to be 58,77, 57.04, 56,87, 59,13 and 59,74 percents

respecively. No marked difference was observed.

The percentage of butyric acid in control was
19,27% where as in 0,25 mg./ml. 1,0 mg./ml, aureomycin and
terramycin treatments, it was 34,99, 43,63, 32,76 and 36,99%
respectively, With higher levels of both the antibiotics,
butyric acid percentage was apparently more than the lower
levels,

The reverse was the case with propionic acid,
Propionic acid percentage in control as well as in 0,25 mg./ml.,
1.0 mg./ml. aureomycin nid terramycin treatment was found to
be 21,96, 7,61, =0,50, 8.11 and 3.26%/respectively.
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Higher levels of aureomycin and terramycin had
affected the propionic acid production markedly than the
lower levels, The effect with sureomycfn 1.0 mg./ml.treatment
was so drastic that propionié acld percentage in fresh VFA
was found'to,be in negative side, which is probably due to
§ts matabolisation of the initial acid present in the rumen
sample, by the microbial activity during incubation. 1.0 mgdml,
level of terramycin though affected the percentage of
propionic acid in fresh VEA produced markedly but did not
‘lower its amount to the negative side as was found with
1.0 mg/ml, treatment of aureomycin,

bo of Bhe fatty acids after four hours of incubation
(A wvitro 'jundeor treatments

o

Ratio of the fatty scids after four hours of
incubation was also calgulated for all the treatments and is
presented in table 5.18.

I A B L ES.8

Ratio of the fatty acids after four hours of incubation under
various treatments.

Source - T Acetic ) gcaffc E Proﬁionif
{ Propi T ric TiC

Rumen liquox 3.0 3.2 1.1

R b Bk BR
‘el f?gﬂggyﬁif 3,8 265 0,68
ad gtgg':zzig; | 369 208 0,78

do + Terramycin
3 1.0 wlnl. 3.8 2.7 0.71
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The deta of teble 5,18 indicates that with antibiotic
trestment acetic: propionic ratio was wider than the control
i.e. the ratio in the treated samples were obtained as 3.6,
3e8y 345 & 3,8 for 0,25 mg./mls, 1,0 mg,/ml, aureomycin &
terramyein trestments respectively, where as this ratio in
control was 3,0 only., With higherlevels of both aureomycin
and terramycin, this ratio was found to be wider than the
low levels, Between the antibiotics, no difference was
obtained with respect to their influence in this ratio.

Acetic : butyric and propionic 3 Botyric ratios
had a tendency to be narrower with the antibiotic treatment.

Discussion

The findings obtained by antibiotic treatment on
pattern of VFA production was in aggrement with
Hibbs & Conard {(1953). They also reported no difference in
the average total sheam volatile fatty aclds or acetic acid
in rumen juice by antibiotic treatment., In their result
also propionic acid wasslightly lower and butyric acid was
slightly higher,

The work of Leffel et al (1957) indicated that
antiblotic did not alter the amounts or ratios of VFA
present in the rumen iluid; They might have obtained this
pesult because of the lower doses they had used which was
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not upto that extent to depress the propionic acid production
and increase the butyric acid lebel as was observed in our
case. The levels of sureomycin fed by these workers were
047412, or 24 mg, per lamb per day. But #n our ‘in vitro®
incubation, the level used was much higher i.e, 0,25 mge &
1.0 mg. per ml. of rumen content,

Raun et al (1962) observed similar effects of
antibiotics on rumen volatile fatty acid production. Inm
a low concentrata xation, they observed that chlortetracycline
did exert and effect on ruminal fermentation snd tended to
widen (P/.05) the acetate: proplonate ratio. In their
experiments also, chlortetrasycbine hdd appeared to elevate
(P/.05) butyric acid level., The comparative figures are
presented in table 5,19,

I AB L E 919
uampa:atlve effeet of chlortetracycline treatment

moLax 4 gures obta ngd by Tasen or
aun a
as + Chlor,  (Rumen 11quor35"§55§751"
° Chlor.
c 57,9 6l,2 60,9 60,3
cs a 1 19.7 20,3 16,6
15.1 (16,4 18.0 019,0 18,8 23,2
(‘5" 03 0 062 8
05 § 0.3
%u 9 C/C, 2.3 3.1 340 3.6
Total#® .
VFA 89 83 - 236 26,5

LETOMo e "
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The perusal of the data on table 5,19 indicates that
our results are almost similar to that of Reun et al(1962)
except that total VFA production in our case was much lower.
The reason for this was that the samples were collected in
our experiments from those slaughtered goats which were kept
faXsting for 12 to 24 hours invariebly before slaughter,

pieer ot al (1064) while studying on the effect of
rumen liquor from aureomycin (30 mg/day) fed sheep on
organism §rowth'in vitro', Semikny determined VFA ratlios on
samples taken four hours after feeling on the l4th day is
presented in table 8.28 to compare with the VFA ratios
obtained in the present work.

T ARLE ™

Comparative VFA ratios obtained in four hours of
incubation,

Tatios ) “Pre WOTK
Contro rureomycin FedRumen uor fAureony C
30 0,29
égg-tite

&
rate 6‘32 6,01 . 32 3.6

E‘W Tate 14,7 16.4 . 8 § 0,71

3.0 3.6

LE

The lack of aggrement apporent from the above table
may be explained by the fact that in Pruser's experiment ,the
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antibiotic was not added directly to tha nutrients at the
time of incubation.

As xeggtda the similarity in the percentage
tompoeition of fatpy aecdd in the initial vymen sample and
that produced during incubatien,our results aggroe with
Mukhexjoe (1960) who also obseyved no appreciable changes
in composition between tho inital VFA and that pzoduced
during three hours of *in vitro$ incubation in fasting
shoep maintained on hay snd concentates The composition in
both cases were zoported to be « butyric 10=12%,propionic
13 o 16% and acetic 72«75%, In our cacd also,it is evident
from tho toble 9,18 that the cemposition of imitial VFA dnd
that produced during four hours of *in vitro'incubation
were aimilar, These samples were obtoined from slaughtered
goats who wore fasted for several sun hours before
slaughter,



It has been established nmow that carotene is less
utilized by the ruminents thus they require greater amount
of Bhe provitamin than the actual requirement. One of the
possible reasons ig its destruction in the gastrointestinal
tract. This experiment was conducted in order to determine
whether appredéiable losses occurf in the rumen liquox and =
abso to know the effects of antibiotics if any in preventing
the possible losses occurring in the rumen,

The rumen sample was collected from the slaughtered
goats and was incubated foxr four hours as detailed in
ChaptemsIlJ, Carotene content wags ettimated in 2 mle,of
rumen liquor under various treatments in three separate
inecubations, The resulis obtained is presented in table 5.21.

I ABLES2

Carotene content of rumen liquor in 2 ml,after four hours
of incubation under various treatments,

+20 mierogram carotene a9 @ 86 69,66
&amen liquox(incubated) Y/
+20 microgram carotene 34
dgo éA\;zeomvciacf);ai mg/ml %
+20 microgram ¢aro 90 _

22
in 1 £
do +Aureomyc
+20 microgram ca;‘otano 90 26 48 41,33
26

do +Terramyein 1.0mg/ml
+20 mi am carot
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The perusal of dsta indicates wide variation in
carotene content of rumen liquor of three incubitions.This
variation was due to the individual variation of the sources

as also due to the nature of the food material present in
the rumen,

In unincubated+20 microgram cerotene per 2 ml,
sample,the average carotene content was found to be 63,66
microgram where as ine the incubated sample with 20 microgram
caxpotene was found to be 33,33 microgram only. With various
antibiotics treatments,in which 20 microgram carotene vagé
also added, carotene content in 2 ml. of rumen sample was
found to be 41,33,41,33 and 40.66picrogram. Thus it is seen
thatwkk with antibiotic trestment, less carotene was
destroyed during incubation.

The percentage recovery of corotene after four hours
of incubation under various treatments were also calculated
and is presented in the table 5,22,

I A B L E B2

Percentcge recovery of carotene aftexr four hours of
incubation under various tmeatments.

Ist in 2nd incu- NCu= JAVerage
Catigory g tdegd b R R UL

%ﬁzﬁ%ﬁﬁ“ﬁiﬁ?h‘.&.‘“ ‘ 96,66 97,91 97.72 97.43
IR ahhe = W R n
N g c‘z;ﬁ'iﬁ. " 71,67 70,88 53,40 65,26
339*;:::%;“;50%3{' 83,33 54,16 54,54 64,01

cin 190mg/ml
gg ;:mm camtmﬂo. 78.33 Mqlﬁ 55.68 62.72
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The percentage recovery in the unincubated rumen sample was
found to be 27,43 percent where as recovery in the incubated
sample was found to be only 50,83 percent. Hence in four hours
of incubation the percentage loss of carotene was found to be
49,17 percent with xumen liquor,

vith the antibiotic treatment., the percentage recovery
was found to be 65,26,61,04,52,72 percent for the aureomycin
0425 mg./ml. and 1,0 mg./ml, treatment and terramycin 1.0 #ig/ml,
treatment respectively.

Almost no difference was obtained in recovery
percentage in the two levels of aureomycin and in the two
tetracyclines used,

Discussion

Our findings are quite in aggrement with that of
King et al (1962) who also oubserved the occurrence of
destruction when corotene was incubated *in vitro' in rumen
fluid, In their case,the recovery of carotene from bhe tubes
incubated for nine hours averaged about 65.6% against 97.9%
recovery from inoculated but nonincubated tubes.

Devison & Seo (1963) also found winile studying
the influence of nitrate upon carotene destruction during
'in vitre' fermentation with rumen liquor that rumen
microorganisms were capable of destroying carotene.
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But Keating et al (1964) could not get any appreciable
destruction of carotene in the rumen liquor from stoers exegpt
with certain treatment notably nitrite., Destxuction in their
case was found to be small or nil, sShorland et al (1957)while
working on sheep indicated that carotene was not affected by
rumen fermentation. These variations in results might be due
%o the conditions prevailing in the couxse of the experiments
such as extent of anaerobic condition preventing spontaneous
oxidation of carotene mnd perhaps amount of ether extract
present in the rumen content.

Guerrant (1962) while working on the vitamin A
depleted rats observed beneficial effect of antibiotics in
supplementing the growth effect of betas carotene,

The sdditional growth respcosnse in rats given
antibiotic over that in rats given none ranged from only 4%
for sodium acryldte ox streptomyein to 44% for tetracycline
hydrochloride; the other tetracyclines also appeared to be
effective,

It seems that antibiotics inhibited the destruction
of carotene by microorganisms, Thus our findings are also in
aggrement with these workers.

Therefore it seems that antibiotics especially
getracycline hydrochlorides together with beta -carotene or
vitamin A will be more beneficial in the ruminants suffering
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ESHAERIEA B-W

SUMMARY
1. A review on * antibiotics in ruminant nutrition *
has been presented in Chapter-II,
2, Critical estimates of the probable experimental

.errors in the Chromatographic separation of VFA and also of
estimation of carotene in rumen liquor were made and were
found to be negligible,

3. Liquid « liquid Partition Chromatography with
Celite'535' as the inert base, 2 M phosphate buffer of pH 6.5
as stationary phase and chlorofomm « butanol mixtures as
the mobile phase was found to separate mixtures of acetic,
propionic and butyric acids quantitatively, even when the
acide were present in amounts of 5 « 10 micro moles each,

4, Two levels of two commonly uged antibiotics were
used. Chlortetracycline hydrochloride and oxytetracycline
hydrochloride at 0,25 mg/ml, and 1,0 mg/ml, levels were tried
to see their influence on fatty acid production,

e Artificial rumen technique was employed for this
study. The rumen samples were obtained from the slaughtered
goat which were usually kept fasting for 12 to 24 hours
preeeding to slaughter,
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6o Wide variation were observed in the rate of
VFA production from sample to sample.of the rumen content.
The rate of production during four hours of incubation was
found to be apparently correlated in most miaees with the
initial VFA present in the samples.

7e Aureomyein and terramyein at both levels were
found to had no significant influence on the rate of fatty
acid production,

Se In presence of carbohydrate « rich substrate
(starch in this case ) antibiotics significantly inhibited
the fermentation, The inhibition was found to be highly
significant with higher doses of both the antibiotics where as
low levels of both were found to inhibit only significantly,

De Inp presence of protein rich substrate (casein
in this case), both the levels of both the antibiotics also
inhibited the fermentation.

10, ' Percentage inhibition of starch and casein
fermentation under various treatments were calculated to be
24476,79.46 for 0425 mg/ml,aureomycing 63,27,86.,03 for 1.0 mg/ml .
aureomycing 22,09,82,09 for 0,25 mg/ml, terramycin and :
87,05, 97.38% for 1.0 mg/ml, terramyecin respectively,

11, No perceptible change in composition of VFA
in rumen liquor was found during four hours of‘ 'in vitro!
incubation., The percentage in rumen liquor wase acetic 60-62%,
propionic 19-21% and butyric 18-19%,



«110=

12, Treatments with antibiotics increased the
butyric acid production in fresh fatty acids significantly
(P£.05) while they decreased the propionic acid production
significantly (P/.01) from the rumen liiquor. No significant
difference was found £ the acetic acid amount by antibiotic
treatment.

13, The composition of VFA in initial and that
produced after four hours of incubation was found to be
almost similar, The coposition in both the cases were
butyric 18+20%, propionic 20+22% and acetic 58-61%,

14, Treatment with antibiotic¢ markedly affected
the percentage composition of fresh fatty acids produced from
rumen liquor during four hours of incubation.

The percentage of bytyric acid in control
was 19,27% where as in 0,25 mg and 1,0 mg/ml, levels of
aureomycin and terramycin treatments, it was 34,99,43,63,32,76
and 36,99% respectively and the propionic acid percentage
in control as well as in 0,25 mg and 1,0 mg/ml. levels of
aureomycin and terramycin treatments,it was found to be
21 ,96,7+,61y20.50,8,11 and 3,26% respectively, Ne marked
difference was observed in the acetic acid production as it
was found to be 58,77,57.04,56.87,59,13 and 59,74% in control
as well as 0,29 mg and 1,0 mg/ml, levels of aureomycin and
terramycin treatments respectively,

15, Treatments with antiblotics also affected the
fatty acid ratios during incubation, Acetiec: propionic¢ ratio
was found to be wider and other ratios were found %0 be lower,
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Acetakite : propionate ratie in contrel wag found
8o de 3,0 were oo in the antibiotic troated gsamples, it was
found to be 3.6, 3.8, 3.5 and 3,8 ¥ scetates butgrate ratio
Was 342 incomtrel and 2.6 +2:5,2,8 and 2.7 in antibotic
treated samples and propionater butyrate retios were found to
be 1.1 in cortrol and 0,71,0.68 40.78,8nd 0,71 in the
antibiotic trested gemples, o o ‘
16, Dpostruction of carotene was obgerved when earotene
was incubatedtin vitro ¢ in the Tumen fluid for doux hours,
The percentage rocovery in incubated was found to be 50,83
‘Parcent as agoinst 97.43 porcent in undncubated Iumen sample,
17. - Antidiotics decressed the loss of cazotenc by
‘miczobial activity.No differonce was found betweoen the
sntibloties wsed snd betweenthe levels of aureemycin.

. RVDBLVLDRDED
feafad @l 44, o '
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