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INTRCfflUCTION

In most of the classical py^siology books, emphasis is mainly based

on the study of monogastric animals and it is only comparatively recently

that the physiology of the ruminant has been intensively studied, Schalk

and Amadon, are considered as pioneer workers on ruminant digestion. Their

work provided a firm foundation for much subsequent work. In later years

an impetus to further research was provided by the work of Barcroft, Fhil-

lipson and Elsden during World War II. Today many aspects of digestion and

metabolism with an emphasis on what is happening in the rumen has been un-

folded due to the brilliant work by the research workers from United States

of /imerica. United Kingdom, Australia and other parts of the World,

In herbivorous animals a laz^e quantity of coarse, fibrous food, having

low nutritive and caloric value, must be ingested, to derive nutrients and

energy for maintenance of life and production. This has resulted in a

specialized development of the alimentary canal. In the ruminants this

has occurred in the expansion of the part represented by the rumen. The

rumen is a complex fore-stomach of considerable size and is a unique organ

not conparable to organs of other species of aninals as regards its functions.

This peculiar organ is called by some a "Lunch basket" and by others a

•Fermentation Vat' . Fermentation of the ingesta takes place in this roony

coipartment as a result of microbial attack and mar^y nutrients are formed,

supplying nutrients to the host. Besides, the phenomenon of rumination is

developed as a further adjunct to the digestion of this coarse food, since

with remastication a second period of maceration of vegetable fibers provides

an increased surface for microbial attack,

Kie microorganisms consisting of microflora and microfauna, play a



definite role in the functions attributed to this organ. One of the most

important functions carried out by the microbial population in the rumen

is the synthesis of protein from non-protein nitrogenous material and thus

improving the protein quality. There is as yet a big gap in understanding

of this process as little work is done so far on this aspect. The symbiotic

relationship between the host and the microbial population, their relation-

ship with each other, the rate of protein synthesis and catabolism, and what

quantity and proportion of amino acids are absorbed by the animal as a result

of these actions needs further esqploration in the field of research.

Certain techniques are used by various workers to study the microbial

population and protein synthesized by them. These include (1) microscopic,

(2) pure culture, (3) washed suspensions of the microorganisms from rumen

and (U) the artificial rvaaen technique studies.

These techniques do not give us the exact picture as to what interactions

are taking place amongst the microbes in the rumen. The difficulties In

technique must be overcome so that in vivo work can be undertaken.

It was demonstrated by Regier (1961) that dializing sacs can be used

to study rumenology with reference to protein synthesis by microorganisBB

quite successfully. It was also shown by him that pure cultures of bacteria

that are normally found in the rumen, can be used for the stu<^ of protein

synthesis by these organisms when favorable conditions as found in the rumen

are provided as far as possible, in the dializing sacs. Since his studies

were not conclusive, further observations were made to study the techniqua

developed by him to study protein synthesis by the microbial population in

the rumen. The work is divided in two parts. The first part deals with

the work of Regier (1961), in which a confcination and improvement of the pure



eultttro, dl«t« or nedlA, artificial rvma, flstulat«d aniJMl* aethod is

dMlt with. Tha diaUtlng aaca nad« of oatarial, aelectiraljr panaaabl*

iM to pora aiaa» placed in a protective cover of polythalaaa bottlaa vith

aaqperlmntal diet or media, and ndcroorganisma inoculated in the aaca, vr9

iBMlMtad in the ruown of fiatulatad ataars* Tha aadla conidatad of ruMB

liquor strained and sterilized or aterlllsad normal aallna. Ability to re<-

aaln sterile and aTnthesla of protein by the mlerobaa in tiM aaa «u atadiad.

Aa the technique could not be worked out aatlafaotorlly, it mu

te aerk out a tedmlque of stuc^nc noMOiologsr bgr takla« rapraaentatlve

plM ef rwmn contents by thoroughly aixlnf tiM rmm contents for five min-

titea to tan adBntaa. finqplaa were eoUeeied tttm anterior, iBiddle and posterior

side of the runm and weighed. The entire roHD eontenta vure raawyaA and

p3jaeed In a tub, representative aaofilea were taken of the contrite after

thoroughly olicing each tiaa* The tub with ronien contoits and the aaqplea

were weighed. The roaan contents fran the tub with aoaa wBrtamXmr mnre re*

lalrodueed In the roan. The aaaplea were dried, sreend in • adJJL and

analyied for nitrogen content*

»mim or uTi^iATURi

ltiarofl<nra and Uicrofauna of the ftinsen

The ivvtesy of the ruoan haa been ateadlly unfolding In the paat deeade

tteeagh fuxtdaaantal reaearah. The study of the mici'ooarganlww of tlie ninan

received a great impetua aa a reault of an Intereatiag IqrpotlMala fay i^unta

(1891), cited by Looall (19ii9)« that iheee aiereeri«ilaaa night utillae

dietary non-protein nitrogen (N.P.N.) for their groyrth with reaultant

qrnthesls of protein which would beeoaa available to the hoet* Intensive



work has been done since 19hO on microbiology of the rnanen.

According to Oxford (1955 )» for the microbiologist the interesting

difference between irtaninants and other herbivores is that, ruminants pre-

femfflnt their food befoire digestion proper in that part of the paunch knoim

as the rumen. Hence the almost inevitable variety of microorganisms in that

special kind of fermentation vat in which the typical fermentation processes

get established under highly reducing conditions when the animal is quite

young and the rumen is relatively small,

Annison and LevriLs (1959) state that the rumen is an essentially anaerobic,

highly reducing system at a slightly acid, but buffered ph with a teirperature

of 39° C and under a gas p^ase composed mainly of carbon dioxide, mathaiMi

and nitrogen. This environment favors develcqiment oC a specialized popu-

lation,

Doetsch and Robinson (1953) stated that the importance of studies on

the rumen bacterial flora to problems of general interest such as ecology,

synergism, antibiotics and symbiosis is ful3y realized now. Such practical

ppoblenB as meat and milk production, utilization of feedstuffs, cellulose

decomposition, vitamin and protein synthesis need no further comment to

justify exploration, IRie indigenous bacterial flora of the rumen develops

imder conditions imposed by this unique and intricately constructed organ.

Baker (19U2) states that the elucidation of the factors concerned in

digestive assimilation by cattle of starch, cellulose, proteins and protein

substitutes, necessitates an accurate knowledge of the functional activities

of the rumen microorganisms.

Considering the importance of this microbial population in the rumen

to host, ELsden et al, (19U8) stated, it is essential that the population



of the rumen as a nrhole be given at least as much attention as the study

of individual organisms.

The microbial population of the rumen is enormous. Continuous growth

of this population is ensured by a periodic intake of foodj a continuous

flow of saliva, passage of the contents along the dinestive tract and ab-

sorption of the end products of metabolism through the rumen wall. The

growth and division of the microorganisms is accompanied by death and

autolysis of others.

According to Oxford (1955 )» the rumen mixed culture is so complex an

association that relatively little is known with certainty about inportant

microbial inter-relationships within it. Rumen siicrobiology is undoubtedly

a field in which the great unifying discoveries have yet to be made.

Studies of rumen bacteria of cattle and sheep by means of direct counts,

gram staining and anaerobic cultural techniques, were made by G^l et al«

(I9U9), According to them the counts exceeded 5o x 10" per gram of the

rumen contents,

Bryant et al, (1953) using safranin staining techniques found the count

of bacteria to be lO-'-^ per gram of rumen contents, Hungate (1957) obtained

a count of 10° on hay and concentrate ration,

A consideration of the overall values suggest that the mean number of

bacteria in rumen contents is around lo" - 10^^/ml, and that the figure

is higher iivhen the animal is fed a ration rich in concentrates than when

fed on hay or grass (Annison and Lewis, 1959).

Bamett and Reid (I96I) stated the problem of microbial population,

the study of which should be given certain considerations; (1) a preliminary

clAseification of ruminal microorganisms into two groups, — Protozoa and



bacteria, (2) Rumen reactions in the main, are the result of symbiotic

relationships, and it would be unprofitable, except in few cases, to con^

sider the in vitro behavior of microorganisms isolated in pure culture,

(3) It is precedent to accept limitations set by Gall and Huhtanen (195l)

that before an organism can be looked upon as a typical conponent of the

microflora population the following main criteria should be satisfied:

(a) The organism must be able to live anaerobical^y,

(b) It should be able to produce the type of end products found in

the rumen,

(c) Rumen ingesta ^ould contain not less than one million of the

particular organism per gram of rumen ingesta,

Bamett and Reid (1961) are of the opinion that the rumen bacteria for

an anaerobic environment are not as stringent as was formerly supposed,

Doetsch and Robinson (1953) and Heald et al, (1953) obtained high viable

counts of ffiicroorganians without inposing strictly anaerobic conditions,

Bamett and Reid (1961) stated that there are at least thirty species

of protozoa to be found in a population of rumen microorganisms. Numbers

of protozoa, though smaller as con5>ared to bacteria, may reach 10° per

gram of rumen contents (Aistad, 1958),

According to Annison and Lewis (1959) the number of protozoa may be

1,000,000 per gram of rumen contents and the bulk may be equivalent to the

bacteria from the ruxoen.

Johnson et al, (19UU) found that protozoa of the rumen may be separated

in a fairly high state of purity by filtration and centrifugation. The

deposition of storage polysaccharide increases the cell density and this

property fonns the basis of a technique for separation of the holotrich



dilates (Heald and Oxford, 1953 j Oxford, 1955). Gutierrez (1955) separated

several individual species of protozoa by decantation following the deposi-

tion of the storage material. Further separation was effected by washing

and differential sedimentation in a special fluid with appropriate density

properties.

Johnson et al, (19Ui) determined the bacterial and protozoa counts

of the rumen at intervals for 2U hours after feeding and observed that the

greatest nuntoer of bacteria and fewest number of protozoa were found one

hour after feeding. Later the number of bacteria decreased while the

protozoa increased for 16 hours.

Barnett and Reid (1961) pointed out that the rumen protozoa may supply

one-fifth of the food utilized by the host. The possible significance of

protozoa, until recently has been overlooked. This is largely due to the

fact that the protozoa ingested large quantities of bacteria and of claims

that fermentation was effected by the bacterial enzyme systems rather than

protozoal cells.

The modem view is so divorced from the traditional one in this matter

that the rumen protozoa are now considered to have considerable biochemical

activity in their own right and much work is being done in examining the

role of individual groups of protozoa in relation to metabolism of the

bacteria and to the nutrition of the host animal,

Annison and Lewis (1959) stated tliat the exact role of the protozoa

in the nuaen has not been established. It has been suggested that the

storage of polysaccharide is of nutritional inqjortEnce for the host animal,

that the structural protein is of considerable nutritional value and that

they actively contribute to the breakdown of cellulose, starch and protein.
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13tM general probleiM of bacterial-protozoan inteirelationships &re very

con?)lex and it is possible that some of the properties assigned to protozoa

are due to contaminating bacteria. Some of the problems involved have been

discussed in excellent reviews by Oxford (1955) and Hungate (1955)«

A syii±)iotic irelationship exists between the ruminant and microorganisms,

especially the bacteria found in the rumen, in that the ruminant animal

supplies food material to be utilized by the bacteria, and the bacteria in

turn break down these substances to products which may be absorbed into the

blood stream of the host animal (Thornton et al., 1952), It is possible

that this type of cooperation may also be existing between various members

of the microbial population.

Various aspects of "rumenology" have been excellently reviewed In

articles by Marston (1939), Goss (I9ii3), Baker (19U3), Elsden and Phil-

lipson (19U8), Doetsch and Robinson (1953), and Hob son (1959).

Doetsch and Robinson (1953) reviewed papers concerned principally with

the bacteriology of the bovine rumen. Baker (19U3) has excellently dis-

cussed the species of bacteria that are normally found in the i*umen.

Huhtanen et al, (1952) have used improved techniques in isolating the

microorganisms from the rumen. Hobson (1959) has described organisms con-

cerned with nitrogen metabolism in the znimen.

Experimental Methods and Approaches for the Study of Rumenology

Alstad (1958) has pointed out that toere is an unfortunate gap in

systematic and methodological appraoches to the rumen microflora studies.

This is due to the fact that none of the techniques, used nowadays satis-

factorily cover the interaction involved between various representatives



of rumen population.

The various approaches that have been made to the problem of elucidating

both the types and functions of microorganisms involved in nimen metabolism

have been in two main directions (Davey et al,, 1961 )•

The functional approach has entailed the use of whole or fractionated

rumen contents to provide information on the metabolic activity and end-

products of a natural mixture of rumen organisms on specified substrates

during incubation in vitro . Therefore, in this case the approach to study-

rests on the substrates and not on organisms involved in the reactions.

Such in vitro incubation of rumen contents has been adopted and elaborated

in many ways. One of the advantages is that the experimental apparatus

and procedures may be varied to suit different types of investigations,

(Davey et al., 1961).

The other main method of approach has been to isolate and identify as

nuiy microorganisms as possible from the rumen and then anned with qualitative

and quantitative information an attempt is made to fit them into an overall

metabolic pattern of the rumen. In this case the specificity lies with the

microorganisms and not so much with the substrate. Direct microscopic ob-

servations have also been made of rumen contents and some estimates of

microbial numbers have been made by this means. Gall et al.,(19U9)and Gall

and Huhtanen (1951).

Doetsch and Robinson (1953) state that the technical problems involved

in bacteriological studies of the bovine rumen are many and varied. Difficulty

is also encountered immediately when the problem of sanpling is considered.

They mention two methods of approach in sanpling technique: (1) A saii5)le

is taken by means of a stom>- ch tubej (2) A sample is taken via a permanent
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rumen fistula.

The first method is simple and does not require any alteration in the

animal but the difficulty is that we are at a loss to know Aether we are

taking a representative san^jle of the entire rumen ingesta. The second

difficulty lies in handling of the animal if no facilities are available

and if the animal is "off-feed"

.

The second method is useful when the same animals are to be studied

over a period of time. Sanqples can be obtained conveniently fi"om various

locations of the rumen. Greater quantities of material can be obtained

within a short tlr^e. The disadvantages of this awthod are that it requires

a surgical operation, the alteration is permanent, and represents an

artificiality which may influence the rumen in ways not as yet perceived,

Elsden et al. (1950), Doetsch and Robinson, (1953), Hobson (1959) have

pointed out that there is still a wide gap and lack of knowledge on our part

to understand the interrelations between various typos of bacteria to vitamin

synthesis, minerals, protein qrnthesis and antibiotics. The synergistic

reactions and antagonism is also not understood. To vinderstand this intri-

cate machinery, it is essential to know the physiological functions of these

rumen microorganisms and to discover how these physiological types altered

with age, changes in diet, disease, effect of antibiotics and other con-

ditions. New techniques are developing which will help to unfold thes*

difficult problems.

According to Doetsch and Robinson (1953 )» after a rumen sainple is taken,

it is usually studied by one or more of the following methods:

(1) Uicroscopic studies

j

(2) Pure culture studies}
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(3) By differential centrifugation to obtain mixed bacterial sus-

pensions, and

(it) As inoculum for an artificial rumen,

Annison and Lewis (1959) stated that the character of the rumen population

can usually be defined by measuring the total number of organisms present

and the number of certain individvial species.

The method consists of diluting a rumen saii5)le, shaking or agitating

by some means, placing on a measured area of a glass slide or in a counting

chamber, and examining microscopically with one or several objectives.

The material on slide may be dried, stained and then examined. Organisms

concerned with starch and cellulose digestion can be stained with iodine

(Doetsch and Robinson, 1953).

Kohler (19ltO) cited by Doetsch and Robinson 1953, diluted rumai samples

and centrifuged lightly to ranove protozoa, food particles, etc. The super-

natant was then passed through filter merfjranes to further remove the bac-

terial clumps and residual food particles. One one-Jbundredth ml, amount

was spread on a known area of a glass slide, dried and stained with carbol

fuschsin. Gall et al, (19U9) made gram stains with 1:10 and ItlOO dilutions

and also with ijlOOO by nigrosine. Pounden and Hibbs (1950) examined un-

diluted rumen samples in order to observe the bacteria attadied directly

to food particles, Moir and Williams (195o) woricing with sheep, made

li500 dilutions in a thcana pipette andused 0,1 percent aniline blue solution.

The samples were studied in Petroff-Hauser counting ohanbers.

The advantage of the microscopic examination is that the investigator

can study directly the morphological types of bacteria in a given sample.

Organisms not cultivatable also may be seen and quantitative estimates of
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the population be made. Variations in certain species may be detected and

thus a useful guide in population changes (Doetsch and Robinson, 1953).

Annison ar^ Lewis (1959), pointed out that there are certain disadvan-

tages inherent in the methods of bacterial counts and each method be regarded

as complijnentaiy to each other, A reliable total count in difficult to ob-

tain because of the problems of distinguishing living bacteria from other

particles present. The significance of a viable count is not easy to asses.

Differential counts are complicated by difficulties in accurate recognition

of organisms, the large number of species present and the correlation of re-

sults to the conditions in vivo .

In cultural methods samples are processed in a variety of v.ays, de-

pending upon the interest of the investigator. According to Annison and

Lewis (19^9) much of the publislied work on pure cultures of rmem organisms

is of limited value from the standpoint of rumen metabolism, since the two

criteria mentioned by Elsden and Phillipson (19U8) have not been established.

These criteria are (l) the organism must be capable of carxTing out a re-

action known to occur in the rumen and (2) be present in sufficient nuibers

to account for the extent of the reaction,

Alstad (1958) has severly criticized this method of studying micro-

organisms. According to him it is difficult to equate numbers of a given

species of bacteria found on a particular medium, with its natural habitat

in the rumen. Moreover, species isolated as pure cultures on an artificial

medium may show characteristics not consistent with Idiose found within the

natural environment of the rumen.

In spite of these criticisms and objections, the pure culture method

in the hands of several workers has yielded much valuable information. Until
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the nutritional requirements of the rumen bacteria are bettt^r understood,

this method of approach may be considered sound, Bryant (1959) has exten-

sively ireviewed the pure culture studies with a reference to the species

of bacteria cultured. He observed 'The species will probably have to be

defined to include many variable characteristics, or the nunber of species

will become unmanageable.*

According to Annison and Lewis (1959), washed suspension method is

a microbiological tool in the study of rumenology. The suspension is ob-

tained by a process of 'differential centrifugation* , i.e., successive

centrifuging at various speeds to remove the heavier fractions of rumen

sample. The supernatant is then centrifuged at high speed for 30 minutes.

The residue is suspended in a phosphate buffer kept under anerobic conditions.

The suspension is washed a second time in buffer before use and incubated

with test substrate and fermentation products estimated. Biochemical tech-

niques give infonnation as regards enaymatic capabilities of the mixed culture

of organisms, Alstad (1958) states that it is assumed that enzymes observed

in vitro are also operative in the rumen, and that one is working with an

essentially concentrated, mixed, enzymatically conpeting population,

Doetsch and Robinson (1953) stated that the chief advantages of washed

suspensions arei

(1) A controlled non-proliferating population;

(2) Little activity in the absence of substrate;

(3) Short exijerimental period, and

(U) The necessity for only small amounts of substrate, (Thornton et al,

1952).

Annison and Lewis (1959), pointed out that there are several advantages
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in this procedure over in vivo studies or the use of untreated rumen con-

tents. Washing the organisms reduces the carry-over of the end products

of rumen fermentation and so minimizes the blank values obtained in the

analysis. It is considered that the organisms are in a 'resting state*,

i.e., metabolically active but with little growth or reproduction. Thus

chaxiges in the population during experimental periods of incubation are not

marked.

Hueter et al, (1958), compared in vivo and in vitro rumen bacterial

dissimilations of some carbohydrates, amino acids and organic acids of

•tabolic inportance by washed cell suspension method. In general, th^

reported .qualitative agreement between in vivo and in vitro wasiied cell

suspension. They concluded that this technique appears most useful for

studying short one or two step reactions presumed to occur in the rumen,

Bamett and Reid (I96I) stated there are two tjypes of approach to the

study of the problems of rominal activity and function?—namely tjie in vivo

and the in vitro . There must be two schools of thought on these two dif-

ferent approaches. Some are of the opinion that the reactions which take

place in any form of artificial rumen are not the same as those which take

place in the natural rumen of the living animal. In support it is stated

that, under artificial conditions, products of microbial metabolism are

either not removed, although their action may be suppressed or that their

removal is not directly related to the mode of removal appertaining to the

rumen, which may be looked upon as a large, but not ideal, semi-permeable

sac. It is often stated that under in vitro conditions a microbial popu-

lation xaay develop irtiich may not bear any relation to the one found in the

rumen. The population that develops in vitro is adapted to perform functions



which would not necessarily take place in vivo*

Lewis (1961) has pointed out that the in vitro study of rumen microbial

fermentations also has marked disadvantages, chiefly consequent upon the

removal of the test material from the animal. The rapid development of

abnormal conditions has proved to be the main limiting factor in such iji

vitro fermentations. Though a majority of them maintain in vivo conditions

for only a few hours. This has proved to be sufficient time for many

valuable observations to be made. But this means that the interdependent

and sequential relationships of microbial reactions have not been maintained,

Annison and Lewis (1959) describe this method as at first merely in-

volving incubation of rumen contents in a vessel to which a substrate was

added and the disappearance of this or appearance of end products was fol-

lowed*

In the earlier artificial rujnen experiments Wegner et al. (I9U0)

added urea to rumen contents and after incubation at 37° C. determined

inorganic nitrogen, but obtained negative results. With modifications,

ammonia nitrogen disappearance was measured as a criterian of bacterial

growth. They criticized the then existing artificial rumen techniques

as lacking movement and diffusion. Since then further developments have

been aimed at reproducing more closely the in vivo conditions particularly

with regard to salt concentration, buffering power, anaerobiosis and nature

of substrate, Pearson and Smith (19U3), strained rumen ingesta through

muslin cloth and incubated at 39° C. in a water bath for two to four hours.

They studied the effect of pH, type of carbohydrate present, temperature,

gaseous environment and urea concentration on the activity of rumen micro-

organisms. The conversion of urea to ammonia, synthesis and breakdown of
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protein and correlation between protein synthesis and microbial activity-

were involved. McNaught et al, (1950) and McNaught (1951) using this

technique studied the effect of various treatments on the synthesis of

protein by rumen bacteria. Among these studies veve the effect of metals

and the breakdown of carbohydrates which accompanies protein formation in

the rumen.

Ifarston (19U8) described an artificial rumen consisting of a 3.5 litre

glass pot for fermentation equipped with stirrers and an outlet for gas,

Hb felt that this technique appeared to simulate more closely the natural

environment found in the rumen. A year later, a rather elaborate device

for in vitro study of rumen digestion was suggested by Louw et al, (19U9).

It consisted of a glass jar suspended in a water bath at controlled ten>»

perature. Fermentation products dialyzed through a visking casing suspended

in growth medium. Inlets and outlets were available for gassing, sampling

and ttie addition of buffers. The material was kept in constant motion by

use of a stirrer.

Burroughs et al, (1950, 1951) also made use of an artificial ruman

technique in studying cellulose digestion and the effect of energfr on urea

utilization. They devised an artificial rumen consisting of 500 ml. glass

fermentation flasks incubated in a water bath at Uo° C, Three-holed stoppers

were inserted in the flasks for caition dioxide inlet and outlet and for

regulating the pH of toe contents. The fennentations were carried out

continuously in 36-Jiour period.

Gall and Glaws (1951) stated that the permeable type of artificial

rumen gives better results Uian the in^iermeable. The permeable type has

a cellophane sac immersed in the medium. Fermentation products diffuse
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through it, Tlae reactions take place -within the sac. The use of such a

system obviates soiae criticism directed against artificial rumen.

Arias et al, (19^1) have developed an apparatus which consisted of

tvio water baths maintained at 39° C, They were used siinultaneously, each

cwitaining 6 imnersed 1000 ml, Erlenmeyer fermentation flasks that in turn

WBre connected together with appropriate tubing for purposes of continuously

bubbling carbon dioxide through the fermentation contents. The carbon

dioxide stream helped in maintaining anaerobiosis and stirring of the sacs.

The flasks were inoculated with microorganisms taken from live animals.

Feed ingredients were added every 2h hours over a U-5 day period and

materials were withdrawn at periodic intervals to maintain a constant

volume of fermenting material.

Recently Adler et al. (1958) have developed an artificial rumen with

an incubation chantoer with approximately constant volume of liquid snd

temperatures. It had a device to deliver nutrients into the chanber at a

constant rate, A constant flow of nitrogen gas over the contents of the

incubation flask maintained anaerobiosis. The magnetic stirrer maintained

the hoHogenicity of the contents. As nutrients were added the liquid over-

flowed keeping the contents changing to remove metabolic aid products and

excessive population. Growth was measixred by using a protein free solution

in the incubation flask and then measuring the increase in protein in all-

quots removed every two hoiirs over a period of time as a measure of the in-

crease in microorganisBW,

Fina et al. (1958) developed a technique wiiich they believed would

more closely resemble actual rumen conditions than other methods. Their

artificial rumen consisted of a porcelain test tube attached to a glass
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frothing tube and a gas escape mechanism. Substrates and inocula were

placed in the tube and the apparatus suspended in the rumen of a fistula bed

animal. The porcelain tubes were found to be permeable to two-carbon and

six-carbon fatty acids and glucose but not to bactei*ia,

Regier (1961) used send-permeable dializing «acs in the study of

protein synthesis by microorganiawi.

In viYo studies have been made, generally, by using fistulated animals.

The essence of this method is that the experiment is performed within the

animal and afterwards the results are interpreted. The same animal or group

of animals is used throughout the experiment,

Wegner et al, (19Ul) used the in vivo method to determine how the level

of protein in the ration influences the rate of conversion of urea nitrogen

to protein. Many workers have contributed to the use of this technique.

This method according to Doetsch and Robinson (1953) requires no further

verification since no artificialities are introduced,

Warner (1956a) maintained that the criteria of normal rumen function

which can be applied to in vitro work are as follows: (1) maintenance of

nunbera and normal appearance of bacteria, selemoaonads and proto^soa of the

rumen J (2) maintenance of normal rates of digestion of cellulose, starch

and protein J (3) of normal interrelation between these j and (U) the ability

to predict quantitative results in vivo . To meet these criteria up to 8

hours at a time, a cellophane sac containing rumen liquor and substrate is

dialyzed against a con^lex mineral mixture solution like that of the rvaoan

and incubated at 39° C. in an atmosphere of nitrogen and carbon dioxide.

He further stated that to be normal, an artificial rumen xmist have suitable

temperatures, pH value, gas phase and provision for the removal of metabolites.
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The substrate must approximate in nature and quantity the diet of the

animal from which the rumen liquor inoculum was taken if in iritro results

are to serve as indications of results in vivo .

Belasco (1951*) regards the artificial rumen technique as an in vitro

approach capable of rapid screening of nitrogen compounds as candidate

nitrogen feeds.

Burroughs et al, (1950a) stated that the artificial rumen can best be

used as a screening device in studying influential factors of feeds in

rumen physiology, from which most promising must be checked in animal

experimentation. They consider the advantages of artificial rumen to be

(1) speed with which determinations can be made in a series of laboratory

flasks £3 compared to similar determinations carried out in the rumen of

live animals, (2) Precision which can be exercised over various conditions

in the laboratory which are left to chance in experimental studies using

live animals; (3) less expenses for animals.

They also list certain disadvantages in use of this technique—(l)

the results may not be truly representative; (2) the end products formed

cannot be controlled; (3) different types of organisms may develop in dif-

ferent runs on the same substrate.

Blsden et al, (1952) have added to this list of disadvantages by

saying that the end products are already present. There is already an

activity witliout substrate. There are population increases and experiments

are relatively long term as conpared to washed suspensions,

Bamett and Reid (1961) stated that all modes of experimentation ars

necessary and complimentary to each other and that the in vitiro exponent

plays a valuable part in promotion of knowledge.
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Nutritional Requirements of Rumen Microorganisna

During recent years attention has been given to qualitative and

quantitative requirements of rumen microorganisms for organic nutrients.

But only limited attention has been given to the inorganic nutrient re-

quirements of the rumen microflora,

Warner (1956) suggested a need for an investigation of the mineral

constituents of media used in artificial rumen studies. This would evaluate

the various in vitro techniques being used. He enphasizes that this is

necessary because:

(1) The basal medium used for testing feed materials for stimulation

of cellulose digestion by microorganisms must contain an optimal level of

inorganic nutrients to rule out the possibility of an apparent stimulation

being a result of correcting a deficiency of some inorganic substance,

(2) A measure of the toxic level of various inorganic elements would

be of value botti for in vitro studies and for possible relation to conditiona

that could exist in the rumen of the animal,

Bamett and Reid (1961) stated that the lack of knowledge as to the

nutrient requirements of the rumen bacteria, and the inability to culture

more than a coiroaratively small number of the organisms actually presait

in the rumen has been a real barrier to progress in the field of rumenology.

Further studies on the nutrient requirements of individual organisms are

needed.

The evidence concerning nutritional requirements of the rumen micro-

organisms, especially rumen bacteria, has been derived almost conroletely

from experimaits made on pure cultures and fran observations made from
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artificial rumen studies. Thus the methods for studying the problems have

been indirect. McNaught et al, (19^0) have written:

Since the grovrbh of rumen bacteria in pure culture is

beset with mmy difficulties, it is not possible to study the

mineral requirements by growing bacteria on a ^nthetic medium

made purposely deficient in a given element, itoreover there are

grave doubts as to whether results obtained with pure cultures

would help much in elucidating the process occurring in the

nonDBl rumen where mixed populations of bacteria and protozoa

are alngrs found and irtiere gyndbiotic relationships of one species

of microorganisms to anotoer almost certainly obtain,

Tosic and Mitchell (19U8) in studies with sheep, found that rumen

microorganisms concentrate cobalt from their external environment. They

considered that the cobalt requirement may be more necessary for the rumen

microorganisms than for the iniminant itself. Burroughs et al, (I95la)

lists three general nutrient requirements of inunen microorganisms namely

(1) energy, (2) protein or its elements like nitrogen, and (3) inoirganic

constituents involved in enzyme or enzyme systems of the microorganisms,

Lewis (195U) has shown that sulphate is reduced to sulphite in the

rumen. Feeding 1$0 grams of Na2SOj^'10H20 to sheep resulted in lU,7

micromoles of sulphite/ml. rumen liquor. No ill effects were observed.

Thus the ruminant is quite tolerant of the high levels of sulphur,

Hobson (1959) reports that sulphur is a constituent of soma amino

acids and seems to be needed in the processes of nitrogen utilization In

the rumen, A source of sulphur is necessary for protein synthesis from

added or endogenous ammonia in the rumen and can be supplied in the form

of sulphate. Burroughs (I95la) stated that a conventional protein and in

some cases a sulphur containing amino acid could exert an influence upon

the conversion of urea into nomen bacterial protein ty contributing a

mineral element like phosphorus or sulphur needed by the miciroflora in the
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synthetic process.

Arias et al, (19^1) report that rumen microorganisms have energy re-

quirements and the degree to which these requirements are fulfilled has

considerable influence upon their utilization of urea or other ammonia

supplying conqjounds.

Mequate balance of nutrients for the microorganisns appears to be of

in5)ortance. Arias et al. (1951) stated that dextrose or other readily

available carbohQrdrates in too large a quantity is not needed, in an at-

tempt to make maximum utilization of urea as a protein supplement. They

explain that unfavorable fermentation conditions for cellulose digestion

may occiir and utilization of urea interfered Tidth,

Burroughs et al. (1951) using the artificial rumen technique, made

observations on the mineral requirements of rumen bacteria. They found

that cellulose digestion could be favored by addition of a mineral mixture

to the artificial rumen. They reported that there are varying needs for

sodium, potassium, calcium, magnesium, phosphorus, sulphur and chlorine

by rumen microorganisms. An artificial saliva containing these elements

was devised by them, and added to the artificial rumen. Phosphorus and

iron were found effective in stimulating urea utilization and cellulose

digestion,

McNaught et al, (1950) reported that 10 ppm, of copper was the roBximm

level that could be present in rumen liquid -when the criteirian of rumen

microorganisms activity was the conversion of non-protein nitrogen to

protein, Th^ found that 10 ppm, of cobalt would reduce in vitro conversion

of non-protein to protein by rumen microorganisms. They further observed

that a concentration of from 10 to 100 ppm, of iron had no influence on
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the conversion of non-protein to protein, but 1000 ppm, sharply reduced

the sfynthesis when centrifuged rumen liquor was used.

Bryant and Burkey (1953) stated that many of the groups of bacteria

isolated required carbonate in the culture medium before growth was obtained

and several groups did not grow well unless rumen fluid was included in the

medium*

Chance et al, (1953) studied the effect of aureonycin on rumen digestion

and the rate of passage of certain nutrients from the rumen. Aureonycin

was fed at 0,5 g per day for l5 days and then 1,0 g per day for the next

l5 days. The rumen contents were completely evacuated, weighed, saii5)led,

and replaced in the rumen before feeding (O hour) and again at 6 and 12

hours after feeding. The rate of removal of dry matter, crude fiber, crude

protein and nitrogen free extract was the highest iriien 0,5 g of aureonycin

was fed. There was accumulation of these products v^en 1,0 g of aureonycin

was fed in the ration suggesting depression of digestion*

Proper nutrition of the bacteria, for the well-being of the host, is

also necessary to fmiction well in protein gynthesis. Baker (19U6) stated

that for synthesis of protein to exceed breakdown, anple readily available

source of energy in form of carbohydrate, other than cellulose must be

present and the content of soluble protein must be low in the ration.

Smith and Baker (19Uli) in an attempt to find a correlation between

protein synthesis and microbial activity found that maltose promoted protein

synthesis. Glycerol did promote synthesis, but tended to cause hydrolysis

of protein and an increase in non-protein nitrogen. In a study of amino

acid metabolism of bovine rumen bacteria, Sirotnak, et al, (1953) found

fermentable carbol^rates to enhance dissimilation of amino acids and reported
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that maltose, cellulose and glucose caused a significant increase in the

production of ammonia and carbon dioxide from aspartic acid.

Agrawala (1951) found a much higher level of amino acids in rumen

samples from cattle on normal rations than from animals on purified diet.

Burroughs et al. ( 1951a) stated that nitrogenous requirements of rumen

microorganisms are relatively simple, essentially involving only anmonia

and not the nwre con5»lex fonns of nitrogen, such as amino acids,

McDonald (19U3, 1952) showed that there was a fall in amnonia concen-

tration in runen contents when starch was added and an increase in volatile

fatty acids from starch when small amounts of casein were also added. These

observations were extended by Lewis and McDonald (1958), and the effect of

carbohydrate supplements on casein fermentation was examined in detail. They

concluded that the type of carbohydrate material present regulated amnonia

concentration in the rumen and presumably the extent of microbial protein

synthesis.

The importance of ammonia in the nutrition of rumen microorganisms

was further eir?)hasized by Bryant, et al, (1959) in their work with a ruadnal

celluloytic bacteriiun. They found tliat ammonia is essential for the growth

of Bacteroides succinogenes even with the presence of 19 amino acids, a

mixture of purines and pyrimidines, and all the B-complex vitamins. They

found delayed growth -vrfien cystein or t-l^itathione was the only source of

amino acids available.

Information in the literature on the trace mineral requirement for

optimum microbial activity is limited. According to Alstad (1958) a great

deal remains to be done regarding nutritional requirements of the micro-

organisms of the rumen and the effect of deficiencies on overall rumen
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function. Certain observations on requirements for trace minerals, fatty

acids, vitamins, etc, for the rumen microorganisms have been made. But

generally they have been made with some sort of artificial rumen techniques.

How far these results can be applied to the tremendous mixed population of

microorganisms of the rumen is still to be studied. Therefore major work

in this direction lies still ahead.

The Fate of Rltrogenous Compounds In the Rumen

During the last decade considerable progress has been made in the

study of the fate of protein and other nitrogenous materials consumed by

ruminants. In the light of these results it is desirable to consider laeans

of assessing the efficiency of various pivsteins in satisfying the nitrogen

requirements of the rvnninants (Lev/is and licDonald, 1?58),

It is usually considered that the nitrogenous constituents which leave

the mmen aire digested in a manner similar to the nitrogenous constituents

of the diet of non-ruminants. But in assessing the value of proteins to

the ruminants, two additional factors must be taken into account: the way

In which nitrogenous compounds are modified within the rumen and the extent

to which the ingested nitrogen is absorbed from the rumen. Attention must

be given to the extent of ammonia absoarption from the rumen, the degree

of microbial protein synthesis in the mmen and the value of tiiis protein

to the animal (Lewis and McDonald, 1958),

Annison and Leivis (1959) stated that the nitrogen metabolism in the

rumen affords another striking example of the influence of inunai micro-

organisms on the nutrition of the host animal. Ingested proteins, like

other foodstuffs, are subjected to the attack of the rumen microbial
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population and undergo extensive degradation before passing on to the

aboDasum and small intestine. The rnain contribution of the rumen to

nitrogen metabolism is that it can modify or supplement the amino acids

of the ingested protein and alter the amount of nitrogen that is made

available to the animal,

Bamett and Reid (1961) stated that the value of food protein in the

nutrition of the ruminant is dependent upon three things: (1) the ability

of the animal to break it down to con5)ounds which are capable of absorption

or utilization, (2) the inherent value of some of the individual breakdown

conponents and the potential value of some of the individual breakdown

con?)onents and (3) the potential value of some of the others which may be

utilized by the rumen microflora,

McDonald (195U) stated that the interest in the role of microorganisms

in protein metabolism stems from the hypothesis of Zuntz (IC9I), that these

organisms might utilize dietary non-protein nitrogen for their growth, with

resultant synthesis of protein which would become available to the host.

In spite of the activity in this field, comparatively little attention has

been given to the possibility of microbial digestion of food pirotein in

the ruEien, In normal ruminant diets, most of the nitrogen occurs in the

form of protein. The facts that secretorj'- glands do not occur in the rumen,

that the saliva contains no anxiolytic or proteolytic enzymes (Wegner et al,,

19ltO) and that the rumen contents are strong proteolytic suggest that ruminant

organisms play an active j)art in the digestion of protein.

Pearson and Smith (I9ii3) observed that the breakdown of protein occurs

ix vitro when rumen liquor is used as media. McDonald (19li8, 1952) showed

that soluble protein was extensively degraded in the rumen with the formation
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of ananonla.

The extent to which ruBJinal microbes convert fodder protein into the

protein of their own structures has been the subject of several speculations,

though little experimental effort has been directed to the problem (McDonald,

195U).

Schwarz (1925) concluded that the greatest part of the protein require-

ment of cattle was met by the digestion of microbial protein derived from

fodder px^jtein. His data was based on the analysis of rumen contents alone

and therefore such a conclusion was not desired. He found on an average 60

percent of the total nitrogen of rumen contents in the fodder residues and

32 percent in the microorganisms.

Ferber et al. (as cited by McDonald, 195U) concluded that rumen protozoa

provided about 2 percent of the protein requirement of the sheep, Hungate

(I9U2) considered this value to be too low. He found that in culture, the

protozoa, Eudiplodinum neglectum^ has a division rate of about once a day

and hence calculated that protozoa provided about 20 percent of the hosts

daily protein requirements.

Kohler (I9U0) as cited by McDonald {19$h), atten^jted to assessthe

daily output of microbial nitrogen from the rumen of cattle by comparisons

of bacterial numbers or weight in the contents of the rumen and the duodenum,

but found his method inadequate to yield acceptable results,

Thaysen (19U5) estimated that a minimum of I80 g, per day of microbial

protein passed from the rumen of cattle. He based his calculations (m

analysis of centrifuged rumen liquor that flowed from the rumen, to abomasuB

each day. McNaught and Sndth (19U7), using data of Pearson and Sciith, found

100-150 g. of bacterial protein per day in the rumen of cattle. Using the



28

data of Schwarz (1925) and an assumed rate of flow of digesta from the

rumen of the ox, Uo kg. per day, they calculated that 75 g. of bacterial

protein -would be formed per day,

Moir and Williams (1950) observed in sheep, a constant increase in

the numbers of i*uminal microorganisms with increasing protein intakes. They

suggested that a constant proportion of the food protein was converted into

bacterial protein, Th^ calculated that approximately SO percent of the

dietary protein was converted into bacterial protein. They siibsequently

recognized that such a calculation is not possible with their data,

Moore and King (1958) in the determination of intraruminal distribution

of soluble nitrogen used an analytical fractionation procedure for nitrogen

balance studies of the rumen fermentations. The procedure vras evaluated

in an in vivo experiment. They concluded that regardless of dietary treat-

ment, most of the nitrogen (65-78 percent) was observed to be found in feed

residues and microbial cells. Only small amounts of nitrogen (less than

2 percent) were encountered in the form of dissolved protein.

El Shazley (1952), studying the degradation of protein in the rumen

of sheep found that an increased amrionia concentration was correlated with

increasing concentration of iso-butyric acid and of five carbon chain acids.

He considered these acids as a result of attack by microbes on protein in

the rumen,

McDonald (195U) calculated that irtien zein was fed as the main nitrocenous

constituent of the ration some 60 percent of the protein might pass unchanged

from the nimen. If soluble casein was included in the ration as a soiirce of

nitrogen more than 90 percent was degraded (Mdlonald and Hall, 1957 )•

Annison (1956) reported proteolytic activity of rumen contents with washed
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cell suspensions of rumen bacteria and demonstrated extensive degradation

of casein, arachin aixi soybean proteins. After feeding a ration containing

protein but devoid of free amino acids or peptides to sheep, he iras able

ta diBonstrate the presence of peptides and amino acids in the rumen. This

is evidence that proteolysis is the first step in protein digestion and

peptides and amino acids were described as intermediates in the breakdoim

by microbial proteolytic enzymes,

McDonald (19U8, 195U) stated that the protein entering the rumen is

partly broken dcrmi to ammonia under the action of microorganisms present

aiKi partly converted to microbial protein. There is simultaneous synthesis

of microbial protein from the ncn-protein nitrogen available in the rumen,

Chalmers and Synge (195U), pointed out that the nitrogen utilization of the

animal largely defends upon the relative proportions of these three processes.

Lefwis (195U) observed thft the con^lexity of the problem is appreciated

when it is realized that this balance is largely controlled by the natujre

of the microbial flora iriiich in turn is dependent on the feeding regime.

It Tiras shoTsn by kcDonald (19U8) that some part of ammonia that is

formed in the rumen is absorbed into the ruminal veins and carried along

the pojrtal vein to the liver (Annison et al., 1955). Since ammonia is not

found in peripheral circulation, it has been presumed that all the anmonia

absorbed from the rumen is converted to urea in the liver. It is probable

that the urea so formed is partly returned to the rumen in the saliva

(McDonald 19h8) and partly lost in the urine.

Lewis (19$U) stated that the efficiency of utilization of protein

consumed by the ruminant must therefore in part depend upon the quantity

of anaaonia produced in the rumen, irtiich in turn is reflected by the ammonia
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concentration in portal blood,

Lewis (1961) stated that protein that enters the rumen is fermented

by the ndcroorganisms, giving rise to peptides, amino acids and amnonia.

The NPN consianed can also produce amino acids and armnonia. There is a

synthesis of microbial protein using the NPN conpounds in the rumen. It

is not only amino acids and peptides that can be used in these synthetic

reactions but ammonia nitrogen can also be readily incoirporated into micro-

bial protein, Phillipson, Dobson and Blackburn, (1959). Two major factors

that regulate this balance are the solubility of the ingested protein and

the amount and type of carbol^rate present. Some unchanf^ed protein,

microbial protein and NPN is continually passed along the alimentary tract.

The digestive process, from this point onwards is probably similar to that

in non-ruminants. The significance of the rumen action, therefore, lies

partly in the extent to uriiich food protein is converted into microbial

protein. This effect is dependent upon the relative nutritive values of

the ingested protein and that synthesized in the rumen, or alternately it

depends upon the degree of synthesis of necessary amino acids.

As suramsrized by Alstad (1958), protein, urea, amino acids, anmionia,

nitrates, etc. enter the rumen. Hence the proteins are hydrolyzed to amino

acids which are in turn absorbed ty the rumen microorganisms or deaminated

and decarboxylated with liberation of fatty acids. He suggests the pos-

sibility of a mutual oxidation-reduction between certain pairs of amino

acids, yielding keto acids, fatty acids, ammonia and carbon dioxide. Am-

monia may then be absorbed through the rumen or utilized by the micro-

organisms to synthesize their amino acids and proteins. Nitrates may be

reduced to ammonia and any material Tftiich is not attacked passes on to the
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abomasum and intestine.

Dissimilation of Non-Protein Nitrogen Con^jounds

by Rumen Microorganisms

The belief that certain simple nitrogenous con|)ounds such as urea ar»

capable of supplying the ruminant a significant proportion of its nitrogen

requirement is many years old. The theory most comironly advanced to account

for the utilization of these simple conpouiKis is that they are built up into

protein by certain microorganisms of the rumen which use them as a source of

nitrogen for their own multiplication. The protein so formed is subsequently

broken dowi in the small intestine to amino acids which are absorbed into

the blood stream of the host along with those resulting from the digestion

of the diet.

Loosli et al, (19U9) stated that in I89I Zuntz presented the view that

bacteria in the jruroen of animals utilize non-protein nitrogenous compounds

to protein, iriiich in turn was used by the animals. They further stated that

in recent years it has been conclusively shotm that protein is formed in

the rumen from dietary urea and ammonium salts. The protein thus formed ap-

pears to be of relatively low biological value. But to their knowledge, no

attempt was made to measure the amino acid composition of protein gynthesized

in the rumen. In the course of their studies with sheep on a purified diet

Containing urea, they observed that ten essential amino acids are synthesized

in large amounts in ruminants fed urea as the only dietary source of nitrogen,

Reid (1^53) observed that, as recently as 1537» it was not commonly

accepted that urea is converted to proteins in amounts of any great sig-

nificance to ruminants. It was sug nested that the pjrotein-sparing action
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of urea may have been the result of such mechanisms as neutralization by

ammonia of organic acids formed in the digestive tract of the ruminants,

Wegner et al. (I9U0, 19Ula and 19Ulb) revealed that urea nitrogen

utilization mist occur within U-6 hours after feeding since urea and ammonia

nitrogen aire in negligible amounts after that time.

In I9I4I, Benesch reviewed the work done on urea noting the necessilgr of

finding substitutes for dietary proteins in the form of simple nitrogenous

compounds. The work was continued further by Mills et al, (19U2), They

observed that when the protein level in the concentrate mixture was above

18 percent, any added urea was poorly converted into protein. They further

observed that urea is well utilized when added to com or oat ration, due

to the abundance of starch in the grains. Addition of com molasses to a

grain mixture did not increase the efficiency of urea utilization. When

timothy hay alone was fed both the ammonia nitrogen and total protein were

at low lefvels and remained constant throughout the trial, When urea was

fed with hay, hydrolysis of urea to ammonia was delayed, being incomplete

at one hour after feeding and disappearance of the ammonia was very slow,

about half remaining as such in the paunch at 6 hours after feeding. The

protein level was slightly lower than timothy hay alone. Therefore they

concluded that no abundant and active flora ftas operating in the rumen.

In contrast, when starch was fed alon;- with hay and urea, microbial

activity was great. The urea was completely hydrolyzed in less than one

hour and ammonia thus formed had practically disppeared in six hours. As

the ammonia nitrogen level fell, there was a concurrent rise in protein

indicating that the ammonia was built into protein. The total rise in

protein was approximately equivalent to the amount of ammonia disappearing.
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Pearson and Sndth {19h3&, 19ii3b) were perhaps the first to suggest

the significance of ananonia in the rumen in relation to their stvKiies on

the utilization of iirea in the bovine munen. They tested the theory that

certain microorganisms which multiply in the rumen build up their oim protein

from this simple form of nitrogen. They noted that the optimum pH for this

conversion to be between 7 and 9» with little occurring below 3 or above

9.5. A slight increase in the conversion of urea was brought about wi'Ui

increased substrate concentration. The influence of time of sampling from

the rumen appeared to have little effect as to the ability of the rumen

liquor to convert urea to ammonia. They reported the absence of urease

activity in feed, and that none is separated into the rumen. Consequently

this enzyme must be produced by microorganisms in large amounts. Quinone,

QTsteine, sodium fluroide, boric acid and borax, all appeared to have an

inhibitory effect upon urease. Smith and Baker (19UU) confirmed the as-

sumption of Pearson and Smith (19U3c) that as non-protein nitrogen content

decreases in vitro total nitrogen remained constant, protein was synthesized.

This synthesis was accon5)anied by a great increase in the number of micro-

organisms, with iodophilic counts greatly increased when synthesis pre-

dominated. Acconpanying the synthesis of protein, was the increase in

polysaccharide which was starch-like. By centrifuging the rumen liquor be-

fore incubation, protein synthesis Tras shown to occur in the absence of

protozoa. These workers believed that there can be little doubt that the

bulk of the synthesized polysaccharides and protein is incorporated in the

small rods, cocci and vibriophiles of the microiodophilic population,

Bartlett and Blaxter, (19U7) showed that urea has a depressant effect

upon milk production when fed at levels of ingestion that would be necessary
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to justiiy its use economically,

Annison and Lewis (1959) stated the most of the experimental work has

been devoted to finding the optimum conditions for feeding urea and only

indirect infoitnation on actual protein synthesis has resulted. Such evidence

for synthesis has been obtained in several ways, including measurement of

the changes in the proportions of ammonia and protein in rumen contents on

feeding urea (Mills et al., 19U2)j by analysis of the total nitrogen of the

microbial fraction after feeding (Gray etal., 1953) J or by analysis of

rumen contents before and after some time, feeding a diet containing urea

(Agrawala et al., 1953).

Lewis (1951) has established that nitrate as found in the fodders, may

be reduced to ammonia by rumen microflora. He further states that the toxic

effect of nitrates in bovines may be due to the accumulation of ammonia

(Lewis, 1957).

Bamett and Reid (1961) stated that vrhile it is generally accepted

that ammonia is a main end product in the hydrolysis of urea, the biochemical

patlnray for its formation is still ill-defined,

Hobson (1959) calls attention to the fact that urea can replace part

of the protein in the diet if carbohydrates, supplying readily available

energy, are available and that urea is always present in saliva, which is

broken down to ammonia and utilized for bacterial growth,

Alstad (1?58) notes that the validity of the claim that non-protein

nitrogen con?)ounds can replace part of protein of ruminant rations has been

questioned but cites the annual use of approximately 75 thousand tons of

urea as feed supplements for ruminant rations, as evidence concerning ac-

ceptibility of the idea.



3S

Hart et al, (1939) shofwed that utilization of ananonium bicarbonate

and •monium sulphate as substitutes showed the efficiency of anmonium bi-

carbonate to be equal to that of urea and greater than of anunonium sulphate.

The optimum concentration of urea was found to be between U5 and 100 ingms,

per 100 g, of rumen contents. Concentrations above and below resulted in

decreased synthesis.

Urea can be utilized as a nitrogen source for inminants but the extent

of its use is limited because of possible toxic effects. Biuret, a con-

densation product of urea, has been shown to be less toxic to animals than

urea. Meiske et al, (1955) showed that urea produced toxic syr^toms and

death while the same and higher levels of biuret were not toxic. Campbell

et al, (I960) studied utilization of biuret in vivo . They stated that

biuret can be used as a nitrogen source for ruminants.

Fate of Rumen Microorganisms in the Digestive

Tract of Ruminants

Doetsch and Robinson (1953) stated that a synfciotic relationship exists

b«tf»Mn the ruminant and the bacteria found in the rumen. The host supplies

the bacteria with materials to be utilized and the bacteria in turn break-

down these substances to pi*oducts which may be absorbed into the blood stream.

The degradation of bacteria take place as a result of action of enzymes,

effect of metabolic end products, etc,

McNaught et al. (19U7) stated that Mullar in 1906 was probably the

earliest who attempted to investigate the nutritive value of rumen bacteria.

He approached the problem by inoculating a cultural medium with rumen bacteria

and allowed it to grow for three days. The mixture was then precipitated with
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•Boniun sulphate and the precipitate washed with ethanol. The dried

product was then fed to a bitch. The nitrogen retention in the bitch was

found to be similar to that on a ration combining albumin and casien.

McDonald (1902) stated that the formation of ananonia in the rumen leads

to two opposing tendencies. First, since substances such as urea, which are

nutritionally valueless to the host, can be converted to ammonia and utilized

for growth of bacteria, that is for synthesis of body protein by the bacteria

which can be subsequently digested and used by the host. Thus a gain of

nitrogen access to the host animal. By contrast the degradation of protein

to ammonia, which can be directly absorbed from the rumen, implies a source

of loss of nitrogen to the host animals. They further state that the inter-

action of these opposing tendencies is probably a major factor leading to

the relative constancy of the biological value of food nitrc^en (crude

protein) for rxuninants,

McDonald (1952) stated that under ordinary conditions of feeding, the

nitrogen entering the rumen will comprise chiefly protein together with

varying amounts of non^Drotein nitrogenous substances as peptides, amino

acids, amides, purines, pyrolls, simple bases such as choline and the

betaines, inorganic nitrogen as ammonia, nitrates and nitrites and traces

of other substances. The nitrogenous bases and amino compounds may be

deaminated while nitrates are reduced to ammonia (Lewis, 1951). Ammonia

is also px\}duced by the degradation of proteins. In addition, small but

significant amounts of nitrogen are added to the nimen contents by ths

saliva, in which the most in^ortant component is urea, irtiich is readily

converted into ammonia. Ammonia is utilized by the microorganisms for

growth together with amino acids produced by the activity of bacterial
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proteases. Protein leaving the rumen, by passage in the ingesta to the

more distal parts of the gastro-intestinal tract consists of a mixture of

undigested food protein and the protein of the microorganisms. Some of the

nitrogen utilized by the ruminal microorganisms for growth would appear as

nucleic acids (and other non-protein substances) which are probably of very

limited, if any, value to the host when the bacteria are disintegrated in

lower part of the gastro-intestinal tract,

Sdnrerz (1925) concluded that the greatest part of the protein re-

quirement of cattle was met by the digestion of microbial protein, derived

from the fodder protein,

McDonald (195U) pointed out that the literature reveals that it is

likely that the growth of microorganisms (bacteria and protozoa) in the

rumen result in a significant degree of conversion of animal's food nitrogen

into microbial protein, but that the extent of this conversion and the fac-

tors affecting it are not evident.

The nitrogenous substances absorbed by the host are not merely those

of the diet, but a mixture of dietary constituents, products of ndcrobial

metabolism in the rumen and the constituents of microorganisms themselves.

Hart et al, (1939) stated that the products of bacterial synthesis

in the rumen is made available to the host for subsequent digestion in the

lower gastro-iJitestinal tract, and the products of this breakdown are

utilized by the host animal, Benesch (l9lil) observed that it seems pos-

sible that not only does the bacterial synthesis in the rumen depend on

many factors like the nature of the diet, the type of microbial population,

ph etc, but that the bacterial protein also thus formed can be digested

to variable extent by digestive enzymes.



38

Pounden et al, (1950) stated that con^ilete utilization of the nutrients

synthesized in the rumen by the mcroorganiscis consisting of the microflora

and the microfauna, presupposes later disintegration of the microorganisms,

in order that the products incorporated in their cells may be absorbed by

the host animal. The concept that the rumen microorganisms are digested by

the host animals after passage from the forestomachs is quite generally ac-

cepted,

Hastings il9Uh), stated that ruminants live to a large extent on

protozoa and bacteria which are constantly carried to the true stomach,

killed and digested,

McNaught et al, (19U7) consider that it would be almost impossible to

explain this ability that ruminants possess for utilizing non-protein

nitrogen as compared to other animals, like the pigs, rats, poultry, unless

the conversion is accon^tlished by rumen microorganisms which later release

their products to the host, Johnson et al, (19lUt)» mentioned the ability

that the bacteria utilize products like urea and that the bacteria are

later digested by protozoa and these in turn are digested by the host animal,

Ciliates apparently are destroyed during their jjassa.-e through the digestive

tract as they disappear in the abomasusi; Bartlett et al., {19hl)» Baker

{19h3) has also shown that they are digested by peptic and tryptic enzymes,

Pounden et al, (l95o) further stated that according to Baker (I9h3)»

iodophilic bacteria of the mjHen, although not affected by gastric secre-

tions, are inconspicuous and present only in limited numbers in coecuin and

feces of cattle and sheep. Partially digested microorganisms are seen frequently

In caecal contents. The breakdown and disappearance by the time the material

rebelled the coecijm, strongly iodophile, oscillospira organisms which were
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prevalent in the contents of sheep rxanen were reported by Baker and Harris

(19U7). Pounden et al, (1950) confirmed the findings of others that the

d«8tructicMi of protozoa by abomasal fluid does occur. They concluded that

the ultimate fate of rumen microorganisms varies between the extremes of

conplete destruction in the aboroasum to passage entirely through the di-

gestive tract of the host,

McCarthy (1962) stated that the main value of the rumen to nitrogen

metabolism of the bovine is that the microorgcinisms present can modify

or supplement the amino acids of the diet, and can alter the amount of

nitrogen, available to the host. Much of the protein that enters the rumen

is converted to organic acids and ananonia. New protein, with all essential

amino acids, of bacterial origin is synthesized and when these microbes

pass to the lower digestive tract, the protein becomes available to the

host animal.

PART I

General Methods and Procedure

The Dializing Sac , Seamless regenerated cellulose dializing tubing

was made into sacs and incubated in the rumen of fistulated steers housed

in the metabolism room of the Animal Husbandry Department, the object being

to study further its effective use in an attempt to provide an in vivo arti-

ficial rumen combination for the study of protein synthesis in the rumen.

The permeability of this tubing was described by the manufacturers as having

an average pore size of 2iiA0, which was determined by the rate of flow of

water through the film. The tubing permits passage of water and low molecular
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tPiight substances in aqueous solution to diffuse while the high molecular

irelght substances such as protein and bacteria are not permitted to diffuse

in and out of the sac, the sacs permitted 8(3-90 ml, of fluid to be accomodated.

Preparation and Incubation . The dialysis tubing was cut into 7-8 inch

length pieces, which were soaked in a tray of distilled water for a few

minutes. Soaking moistened the sacs and the two folds could be separated

easily. To one end of the sac, a serum irubber stopper was inserted and

tied firmly with a rubber band. Care was taken to see that the fore end

of the tubing protruded out of the rubber stopper about 0*2 inch, so that

this end of the tubing could be sealed with plaster of paris.

Before tieing the other end, distilled water was poiired in the sac

and gMitle pressure was applied ft>om the sides to detect any leakage from

the rubber stopper end. The water was removed and then the end tied vrith

a nylon string about 3A-inch from the end. Plaster of paris was applied

to both ends of the sac and was allowed to dry and harden for twelve hours

during which time the sacs were prevented from diying and cracking, by

putting wet paper towels on them. After the sacs vrere rea(^ for use, 30 ml,

sterilized rumen liquor or 30 ml, sterilized saline was injected into the

sacs through the stof^red end. The sacs were then sterilized in the auto-

clave for 3 to 5 minutes. After cooling, one gram of cornstarch dissolved

in ten ml. distilled water and 1/2 ml, bacterial suspension or 1 ml, fresh

rumen liquor, according to treatments, were injected into each sac through

the stopper. A further safety measure was adopted to prevent leakage by

dipping both ends of the sac alternately in liquid wax several times. The

sac* were then introduced into on© litre po3ythelene bottles having holes

on sides. The bottles were stoppered and introduced to the ventral part
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of the rumen, for incubation as per scheduled time. Rumen contents entered

the bottles through the holes but coarser i:)articles of hay were prevented

from entering the bottles due to the size of the holes, thus the sacs were

protected from damage.

Collection of Rumen Liquor« Rumen liquor from the ventral sac of th«

rumen was collected in 25o ml. beakers. It was filtered through a strainer

into the collecting bottle. This bottle along with normal saline, ajyTinges

and other glassware were sterilized in the autoclave at l5 pounds pressure

for half an hour and allowed to cool in the autoclave. The rumen liquor

vas filtered again before use if there were still coarse particles present.

For sac inoculations, fresh rimien liquor was collected and strained

through the strainer and cheese cloth into a clean sterilized test tube.

One ml, of this fresh liquor was used for each sac inoculation according

to the treatments.

Nitrogen Determination . After the period of incubation of the sacs

in vivo, in the rumen of two sets of identical twin, fistulated steers,

the bottles were removed and cleaned with water. The sacs were removed

gently from the bottles, washed with water and then flushed with distilled

water. The water was removed from the sides with a paper towel. The end

of the sac to which string or nylon was tied to seal, was snipped with

scissors and contents of the sac were poured into an Erlonnyer flask con-

taining 60 ml, of 10 percent Trichloroacetic acid. The sac was rinsed

3-ii times and the contents poured into the flask. The protein was allowed

to precipitate for 2U hours. Then it was filtered through a funnel, in

which a filter paper was placed, by entle suction. The filter paper with

precipitate was introduced into a Kjeldahl digestion flask. The funnel
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was cleaned with filter paper and this also added to the Kjeldahl flask.

Protein nitrogen was determined by the use of a Kjeldahl apparatus.

True protein was estimated lay multiplying the protein nitrogen values by

6.25.

Trial No. 1

The object of this trial was to study the difference, if ai^, in

protein synthesis by the microorganisms, when sterilized rumen liquor op

sterilized normal saline was used as a source of media and when the sacs

were incubated in the arumen of fistulated steers for a period of hQ hours,

Bxpeidmantal Procedure . The experimental design, treatments to the

dializing sacs, period of incubation are shown in Table 1. The sacs were

divided into two groups and were incubated in the rumen of identical twins.

Table 1. Protein synthesis by microorganisms, incubated for U8 hours with

jrumen liquor and normal saline as media.

Sample : : Period of
Sac : Steer : incubation
No. t No. : hrs. Treatments

J Protein : True
: Nitrogen : Protein

: % : %

3

U

5

6

kQ Rumen liquor + 1 gm.

starch + 1 ml. fresh
R,L.

U8 R.L, + starch + 1 ml.
fresh R.L.

0.368

0.351

2.300

2.200

ii8 R.L. + starch (Blank) 0.225 l.U06

U8 Nonnal saline + starch
+ 1 ml, fresh R.L.

0.099 0.619

U8 Normal saline + starch
+ 1 ml. fresh R.L.

0.095 0.59U

U8 Normal saline (Blank) 0.037 0.231
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Results and Discussion . The results of the trial as shown in Table 1

indicate that the difference between rumen liquor and normal saline as a

medium for growth and synthesis of protein by the microorganisms is marked.

This might be due to readily available source of nutrients and energy for

the mloroorganisms from rumen liquor.

Trial No. 2

The object of this trial was to determine the difference between

streptococcus faecalis and Ui, mesenteroides, as regards their ability to

synthesize protein. It was also the intention to find out the possibilities

of the use of dializing sacs for pure cult\ire studies. Since sterilized

rumen liquor and normal saline was used as a source of media, the difference

b«t«««i the two could also be deteimined.

Experimental Procedure . The experimental design with various treat-

ments, period of incubation of the sacs and results are shown in Table 2.

Results and Discussion . The results of the test indicate that those

sacs incubated after inoculation with microorganisms showed turbidity as

contrasted with the sacs v^ich were not inoculated. The contents of sacs

Triiich wei'e not inoculated showed clear brownish fluid. This reveals grofwth

of the microorganisms in sacs in which they were inoculated.

It was ftirther revealed that sterilized rumen liquor as compared to

sterilized normal saline was a better media for growth axvi nourishmerxt for

the microorganisms.

As shown in Fig. 2, no difference in protein synthesis by the two

species of bacteria used in the experiment was observed.
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Trial No. 3

The objective of this trial was to find out (1) the difference, if any,

in protein synthesis in the sacs by ndcroorganisms when the polythelene

bottles were introduced and incubated in the rumen with or without weight*

added to them, the object being to push the bottles in the liquid portion

of the rumen contents; (2) the effect of incubation of the sacs for 36 and

ii8 hours on protein synthesis by the microorganisms; (3) the difference be-

tween sterilized normal saline and rumen liquor as media for the growth of

the microorganisms.

Experimental Procedure . This trial consisted of four groups. Th«

experimental design for these four groups with treatments and results are

shown in Table 3. One gram of starch in five ml. distilled water was in-

jected in each sac. The ndcroorganism used was Ln, mesenteroides.

Results and Discussion . The results reveal thett (l) there was no

difference in protein synthesis in bottles containing the sacs with weights

and those without weights; (2) there was a marked difference in protein

synthesis by the microorganisms between sterilized rumen liquor and steri-

lized normal saline used as media. It shows that rumen liquor was a bet-

ter medium than normal saline; (3) there was no difference observed in the

synthesis of protein by the microorganisms, uriien the bottles were incubated

in the nunen of fistulated identical twins.

Trial No. Ii

The objective of the trial was to determine (1) the difference, if

any, in protein synthesis by the microorganisms when the sacs were incubated

for 2h and U8 hours; (2) the difference between ramen liquor and normal
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saline as a source of medium for the synthesis of protein by the ndcrtj-

organisms*

Experimental Procedure . The experimental design with various treat-

ments and the period of incubation of the sacs in the rumen are shown in

Table U.

Results and Discussion . There was a definite indication of greater

protein synthesis by microorganisms when sterilized rumen liquor was used

as media and the sacs incubated for 2U hours in the rumen. The protein

eynthesis by microorganisms was at a lower level iidien normal saline was

used as media as compared to rumen liquor*

At li8 hours of incubation the synthesized protein was found to be

less than at 2U hours. It was probable that the synthesized protein might

have been decomposed. It might be possible that the metabolites that were

formed due to the activity of the microbial population interferred with

protein synthesis by the microorganisms. Or sufficient nutrients wei-e not

provided for the growth of the microorganisms.

Trial No. $

The objective of this trial was to determine the synthesis of protein

by the microorganisms irtien the sacs were incubated for 12, 2I4, 36 and U8

hours in the rumen of fistxaated steers. Also to confirm the findings of

the previous trials that sterilized rumen liquor was a better medium than

normal saline for nourishment and grov/th of the microflora and microfauna

of the riuaen when in vivo artificial rumen technique was used.

Experimental r'rocedure . The experimental design, treatments to the

diaiizing sacs, period of incubation and the results of the trial are shown
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In Table 5,

Results and Discussion . The results reveal protein synthesis by the

microorganism was greatest -when the sacs were incubated for twelve hours

in the rumen of a fistulated steer. Protein was present at a lower level

?rhen sacs i»ere incubated for 21; hours. After this period the protein nitrogen

decreased and was minimum at U8 hours incubation of the sacs. It might be

possible that the protein gradually decreased from 12 to lt8 hours of incu-

bation, due to degradation. Probably also because of lack of sufficient

nutrients available to the microorganisms as a result of accumulation of

metabolites in the sacs. It might be possible that the rate of diffusion

inward and outward might not be sufficient and therefore these waste products

were not removed at a sufficient rate to permit microbial activity.

Similarly a low level of synthesis of protein was observed in normal

saline media, which decreased at 2U hours of incubation and remained

stationary up to U8 hours of incubation.

The results confirmed the findings of previous trials that sterilized

rumen liquor was a better medium than sterilized normal saline for growth

and nutrition of the rumen microorganisms.

The results also show that ±n vivo artificial rumen tedinique, using

semipermeable membrane, cannot be used with success iirtien protein synthesis

by microorganisms is to be studied for more than 12 hoars at a tirf«,

PART II

As the technique of the first part of the experiment could not be

worked out satisfactorily, it vras decided to work out a technique of

studying rumenology by obtaining representative sanqiles of the rumen



Si

§

^

CO

5

•I
tt
^'^

58,

a, s

n
t
i

I

WO
C to

a;"

•p •
eg (c

^ NO Vf\ Q CM
\A l> Q CVJ

\A «^ -st OOO
• • • • •

rH O c^ CM O

CVJ

o c

.3

^ -P

+ +

c e c

H Vi H
a?

/>

0) i

I:

CviH H

CM

lA
\A
•
O

O H
CM r^

• •
O O

NO

i5

o

o

CO
ro

vO ^ lA
CM

Ov 0\ -:t
• • •

H o O

H

CM

OO O
<n VA
r— c^

•H o

CM CO

o

?i H CM CM CVJ ^ vO NO

C^

_:?«*> (n «*>

-=riA NO

c^

CO

CM CM

On

f-l OO
-^ l>-

f*\ CM
• •
o o

eESEEBsr
BE sr s * m e

NO NO

CM

HH

CM

• •
O H

04

^

H

tQ CEi to

H
CD

CO

H
(I)

CO

s s

CO
-3

CJn
CM

o o NO
^- H oO CM CM

o o

H
+

cc

caH

a:

X!
+ n +

o
J «i-( 1-5

• •

u
o

CO CO CO

H H

^ P 7^^ ^ rf^



5U

CD
UJ

CD

Ll)

a:
O CD

o o (/) (/)

-i 00

LlJ UJ

z 2 oc tr

3 3 o o
q: cr z z

o

00

O
X

UJ

2

CO

_ l\l 3
o

o
o
o

UJ

a:

TRUE PROTEIN %
S2

z
<

CD

JL ^
h- OJ

^
rj

(0

2 tr

(O O— u_z
<
o Q
(T UJ
O H
O <
cr CD
o =)
•^ O2 z
>- ^

OQ <
QZ UJ

Ul S
h-

o
cr

CO
<

Q-
Ul

U- z
O -J

<
(/)

CO

V)
_j

UJ <X
h- 5
z a:

>- o
(O z



55

contents from fistulated steers.

Review of literature

The san5)ling of material from a fistulated animal is a matter of sont

con^ilexity owing to the fact that even when food has been in the rumen for

some time the rumffli contents are l>y no means homogenous (Barnett and Reid,

1961). This difficulty is especially encountered when food has been given

a short time before a sanple is taken,

anith et al, (1956) made an examination of the ingesta of fistulated

steers at different levels in the rumen. Analysis showed that the content

of fibre, total nitrogen, sugars and volatile fatty acids was higher at

the top of the rumen, while ether extract, pH and capacity to digest cellulose

were higher in the lower levels,

Fistulation appears to have little effect on the normal digestion pro-

cesses of the ruminant. In comparative trials with fistulated and unfis-

tulated lanfcs maintained on different forages over an extended period of

tin» it has been found that no significant differences are apparent between

animals with respect to digestibility coefficients for dry matter, crude

fibre, cellulose, energy and crude protein (Reid et al,, 1959).

In clear recognition of sanpling difficulties, some workers remove the

total rumen in^^.esta through the fistula and after taking a representative

sample, replace the main bulk of the material in the rumen,

Nicols (1955) has described a sampling apparatus for removing material

from the rumen. This consists essentially of two tubes, one of which slides

into another. The tubes are rotated so that slots at the base of each tube

lie opposite each other, thereby closing the opening. The apparatus is then
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introduced to any desired area of the rumen, the inner tube tuntied until

the slots coincide and, when sufficient rumen fluid has been collected,

the tube is again rotated and the san?)le yrithdrawn.

Using the «con?)lete removal" method. Hale et al, (19l;7a) demonstrated

its reproducibility in tm experiments ydth the same animals, Snploying

ordinary digestibility data based on total nutrients fed and total material

excreted, these workers were able to obtain values for the percentage of

digestion taking place in the rumen,

Agrawala et al, (1953) have used fistulated animals and the technique

of conplete removal of rumen contents to demonstrate the in vivo synthesis

of protein from non-protein nitrogen.

Due to 8an5)ling difficulties, in an attenpt to overcome these difficulties,

different workers have used certain devices to study biochemical change in

the rumen of fistulated animals by suspending samples in the ruminal mass

itself, Quin (I9li3) described a means of investigating the rate of dis-

integration of test substances by enclosing them in a cloth bag and with-

drawing the bag for examinstion at given intervals of time after immersion,

A veiy similar procedure was used by Balch and Johnson (195o) to determine

the site of optimum cellulolytic activity in the rumen, Belasco et al,

(5.958) in evaluating the digestibility of roughages following nitrogen ap-

plication and Fina et al, (1958) have used a porcelain tube, connected to a

gas escape device and immersed in the rumen to study different aspects of

cellulose digestion,

ladava (1962) in his studies on the rate of passage through the bovine

rumen and the rumen metabolism of C»lb labelled roughage used two methods

of study, i,e,, iJi vivo artificial inimen technique and taking samples from
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the flstulated steers. The rumen was conipletely emptied of all solid and

liquid ingesta immediately before the morning feeding. The solid portion

was removed with hands and the remaining liquid portion of the rumen ingesta

was removed with a plastic beaker. The rumen contents were weighed,

thoroughly mixed, and a UOO g, san^le was taken for analysis. The remaining

ingesta were replaced in the rumen as soon as possible. It took approxi-

mately 20 minutes for the iirttole operation.

Hale et al, (19U7a) using fistulated animals and removing the entire

rumen contents for obtaining samples, have shown that during the first six

hours after feeding predominant activity in the rumen is centered on the

breakdown of protein and easily utilizable carbohydrates. Over the next

6-hour period celliaose breakdown is the major operation. After 12 hours,

unless the animal has a further intake of food, ruminal digestion practically

ceases.

General Methods and Procedure

Sampling Technique . Five hundred ml, beakers, pans, a fifteen gallon

capacity tin tub and plastic buckets were weighed and labelled accordingly.

The entire rumen contents of the fistulated steer were thoroughly mixed by

inserting the hand in the rumen and stirring for 5 to 10 minutes. After

ascertaining the homogenicity of 'Uie mixture of rumen contents, a 250 ml,

beaker was introduced into the rumen to collect the sample. Care was taken

to place the palm of the hand over the beaker so that no material entered.

The rumen contents were stirred again and the palm of the hand released

from the top of the beaker. The rumen contents entered the beaker, which

was then removed from the nimen and en^tied into a 500 ml, beaker. Three
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such samples were obtained from anterior, middle and posterior portion of

the rumen, stirring the rumen contents each time. The 500 ml, beakers ivlth

rumen contents were weighed. Then the entire rumen contents were en^jtied

into a tub and buckets, stirred thoroughly for 3-5 minutes and samples were

taken of the ingesta, stirring each time a sample was taken. All the sam-

ples with their containers were weighed.

After the sanples were dried to a constant weight, the sanples with the

containers vere weighed. The difference between the initial and the final

might gave the moisture content from which moisture percentage in the rumen

contents was calculated. Moisture content of the samples obtained from in-

side the rumen and outside the rumen were conpai^d.

Each dried sample obtained from inside and outside the rumen was ground

in a Wiley mill and the material collected in respective bottles which were

labelled previously. About two grams of irepresentative sample was taken in

duplicate of each sample and total nitrogen determined.

In later trials it was decided not to remove the entire rumen contents

but only to obtain samples from anterior, central and posterior paiii of the

rumen after the necessary preliminaries were convicted.

Trial No, 1

The objective of this trial was to devise a sampling technique (l)

obtain representative san^)les of rumen ingesta for analysis from inside

and outside the nimen, (2) determine percentage of total nitrogen,

flxperimental Procedure . The procedure that was followed to collect

rumen ingesta samples is described in the general methods arKi procedure.

Results and Discussion. The results of the trial are shown in Table 6,
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Table 6, Analysis of nuaen in::esta obtained from inside and outside the
rumen for comparison.

Sample
No.

Steer
No.

Total ^^ercent : Average : Total t Moisture

Nitrogen : Nitrogen ; Nitrogen : Protein : Content

mgms. t ; % i % z %

I

I

1

1

i

2

3

3

0.0376

0.0361

c.oU2li

0.0386

0.0363

0.038U

0.0332

0.0U31

2.099

2.103

2.liil

2.1Ii5

2.091

2.096

2.172

2.151

2.101

2.II43

2.093

2.161

13.13 87.21

87.09

13.35 86.23

88.7lt

I •• Sample from evacuated rumen contents.

1 • Simple from anterior portion of rumen.

2 - Sample from central portion of rumen.
3 - Sanple from posterior portion of rumen.

There is no narked difference between the values of the samples. There is

practically no difference between total protein values in the san^les ob-

tained from inside the rumen and outside the inimen. The results indicate

that a repiresentative sanple can be obtained from the rumen in, esta of

fistulated steers without emptying the entire rumen contents.

Trial No. 2

The objective of this trial was to (1) try the sampling technique with

the other twin steer of the one used in the first trial, (2) obtain repre-

sentative sanples from inside and outside the inimen, of inimen ingesta for

total nitrogen analysis and comparison.
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Experimental Procedure . The exact procedure adopted to collect rumen

samples is described in the general methods and procedure. Part II, As the

rumen contents in the particular steer from which samples were to be taken

appeared more solid than the rumen contents of the steer used in Trial No, 1,

it was decided to stir for ten instead of five minutes as in Trial No, 1,

Results and Discussion , The results of the experiment are shown in

Table 7. The results indicate that there is no marked difference between

the total protein content of the ramen ingesta samples collected from an-

terior, central and posterior portion of the rumen.

There is a slight difference in the values of total protein of the

•MBples collected from inside and outside the rumen. No narked difference

was observed in the total protein content of the rumen ingesta from steer

No, 3 as cocparrd to the protein content of the rumen ingesta of steer

Ho, U, which are identical twins.

Trial No. 3

The object of the trial was to (l) verif^r the sampling technique using

a steer from another identical twin pair, (2) determine the difference,

if any, in nitrogen content of the samples collected from inside and out-

side the rumen, (3) detennine the difference, if any, in nitror:en content

of the samples collected from different locations in the rumen,

fixperimental Procedure . The experimental procedure that was followed

in collecting sanples from the rumen was the same as stated in the general

methods and procedure.

Results and Discussion . The results of the experiment are shown in

Table 8, The results reveal that there is practically no difference in
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Table 7, Analysis of samples obtained from inside and outside the rumen

of steer Mo. h for total nitrogen.

Sample
No,

: Total
! Nitrogen
: mgms.

: Percent
! Nitrogen
!

: Average
: Nitrogen
: %

: Total
: Protein
: %

: liioisture

: Content

%

Ila^ 0.036 2.08 38.25

Ua O.OUl 2.06

IIo2 0.03i* 1.97 2.00 12.50 88.63

Ilc2 0.032 2.00

Iip3

HP

0.033

0.028

1.96

1.93

88.79

he'* 0.0U2 1.95 . 86.79

HE o.oUo 1.90 1.90 U.88

Wi 0.036 1.87

ITB 0.022 1.88 86.53

^a » Sample from the anterior portion of the rumen.

*c » Sanple from the central part of the rumen.

3p m Sample fi-om the posterior portion of the rumen,

^E " Exterior samples from evacuated rumen contents.

percentage nitrogen in respective duplicate 8an5)les and in sanples from

different locations from the nunen. There is a slight difference in average

total nitrogen and total protein in samples from inside and outside th«

rumen. It may be possible that there might have been some error in col-

lecting san^les.
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Table 8. Percentaj-e nitro en and moisture of samples of rumen ingesta
obtained from inside and outside the rumen of steer No. 2,

Anterior portion of rumen.

2
Central portion of rumen.

^l^sterior portion of rumen.

F^om emptied nraien contents.

Sample : Total : Percent : Average : Total ; Moisture
No. : Nitrogen

: mgms.
! Nitrogen
:

I Nitrogen ! Protein
: %

: Content

%

ml
III

o.oUo

0,6k$
2.02

2.05
92.00

IIl2
III

0.0U6
0.029

2.08
2.08

2.05 12.82 92.33

ni3
in

0.022
0.027

2.03
2.03

92.33

iii^

in
0.0357
0.03U

1.58
1.97

1.98 12.38 92.32

Trial No. U

The objective of this trial nas to reconfirm the sanpling technique

with a steer which was identical twin to steer used in Trial No, 3.

fiyperimental Procedure . The experimental procedure was same as given

in general methods and procedure. Part II.

Results and Discussion . The results of the trial are shown in Table 9.

It is clear frcMii the table uniform results were obtained from the samples

collected from various locations from inside the rumen. The total protein

content of the rumen ingesta samples in case of steer No. 1 was higher than

the total protein content of the rumen ingesta of steer No. 2 in Trial No, 3,

Individuality factors may be responsible for this.
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Table 9. Analysis of samples of rumen ingesta obtained from inside and
outside the rumen of steer No. 1 for nitrogen and moisture percent.

Sample
No.

Total
Nitrogen
mgffis.

Percent : Average
Nitrogen : Nitrogen

Total : Moisture
i^otein : Content

% : %

IV2
If

If

V^
VI

o.oUo
o.oWi

0.0b3
o.oUi

0.066
o.oliU

o,oU6
o.oUo

2.1*1

2.U2

2.38
2.38

2.l4i*

2.28
2.26

2.U1 15.06

2.27 lit. 19

Samples from the anterior portion of the rumen.

2
Samples ftom the posterior portion of the rumen.

Samples from the central portion of the rumen.

San5)les from the exterior of evacuated rumen contents.

91,97

91.2U

92.05

91.97

Trial No, 5

The objective of this trial was to (1) find out whether grinding the

dried rumen ingesta to a coarse or a fine grind had any effect on deter-

mination of protein nitrogen, (2) find out the difference in precipitation

of the protein by 15 percent and 57 percent trichloroacetic acid.

Experimental Procedure . The experimental procedure followed in this

trial was similar to Trials 3 and U except that no outside samples wwe

collected as the rumen contents were not evacuated.

The sanples were dried in the oven aiad ground in a Viiley mill. Half

of each sample was ground to a coarse fonn, 2 mm mesh, and the other half

to a fine grind, 1 mm mesh. Approximately two grams of each 8an5)le, in
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duplicate, was treated with 15 percent and 57 percent trichloroacetic acid.

The samples were alloired to precipitate for 2li hours on an electric shaker.

The precipitate was collected in Kjeldahl digestion flasks after centri-

fugation and filtration.

Results and Discussion . The results of the experiment are presented

in Table 10, They indicate that coarse grinding and fine grinding of the

rumen ingesta does not make any difference in protein nitrogen values.

There was a difference in average percent nitrogen values when the

protein of the rumen ingesta was precipitated with 15 percent and 57 percent

trichloroacetic acid. The values were lower with 57 percent trichloroacetic

acid precipitation. It may be possible that the protein nitrogen deteriorated

when precipitated with a higher concentration of Trichloroacetic acid.

Trial No. 6

The objective of this trial ^vas to analyze wet sanples of rumen ingesta,

and to determine the difference, if any, in averaj^e total nitrogen between

the wet samples and the dried and ground samples of the previous trials,

also to determine the uniformity of san5)ling technique.

Experimental Procedure , The rumen ingesta sanples were collected in

beakers as per usual procedure. The samples collected from anterior, cen-

tral and posterior portion of the rumen ingesta in the rumen were then kept

in a deep freeze until the next morning so that no moisture from the samples

W80 lost. Each of these sanples were thoroughly mixed vrith a glass rod,

until it became homogenous. About l5 to 20 grams of each sample in duplicate

taken for nitrogen determination.

Results and Discussion . The results of the experiment are presented
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in Table 11. These results reveal that the total protein values obtained

with wet samples are slightly lower than those obtained from dried and

ground saiaples in Trial No. 2, Comparison is shown in Fig, 7,

The values of total nitrogen obtained from anterior and posterior

portion of the rumen ingesta from inside the rumen are similar but the

Talue of total nitrogen from the central sample is slightly higher.

Table 11. Analysis of wet san^jles of rumen ingesta collected from anterior,

posterior, and central portion of the rumen of fistulated steer.

Sample: Steer: Sample: Total : Total : Average : Mean

No. : No. : size : Nitrogen: Nitrogen: Nitrogen: Nitrogen

: t gme. : mgms. : $ : $ : ^
: : : : J s

alic

alie

HP

atiP

k

h

b

u

u

u

19.6

20.3

17.

U

20.2

Ui.U

15.5

0.265

0.261

0.276

0,272

0.26U

0.26U

1.656

1.631

1.725

1.700

1.650

1.650

1.6U3

1.712

1.650

1.67

Total : Total
Protein: Protein
% : % from

: Trial 2

10.10^ 12.50

Trial No. 7

The object of this trial was to determine the true protein values when

"Uie wet samples were precipitated with l5 percent trichloroacetic acid.

Experimental Procedure . The rumen ingesta sanples were collected in

beakers as per usual procedure. The samples were kept in deep fi*eeae until

the next morning. Then these samples were thoroughly mixed with a glass rod

for some time till each of the samples became homogeneous. Separate glass

rods were used for each sanple. Approximately 10 to l5 grams of each sample



(O

(/)

liJ

< o

a

z
UJ
UJ

UJ
m

a:

o
u.

UJ
_i

<
CO

Z ^
(0 6— ^

O
UJ
UJ

o
in

o
d

o
iri

d
o

N
d

TOTAL PROTEIN



70

were taken for protein nitrogen determination.

Results and Discussion . The results of the trial are presented in

Table 12, They indicate that the values of true protein nitrogen of the

wet samples from different locations of the rumen are practically uniform.

Table 12, Rumen ingesta wet samples precipitated with l5 percent trichloro-
acetic acid. Protein nitrogen values.

Sample:Steer: Sample: Total : Protein : Average : Mean : True
No, :No, : size : Protein : Nitrogen: Protein : Protein : Protein

: : gms. : Nitrogen: % : Nitrogen: Nitrogen: %
! %

su 9.3 0,226 1.U15

«Ki 8,7 0,230 1.U38

aiic 11.1 0.239 l.h9h

akc 11,8 0.2lil 1.506

8bP 11.0 0,236 1.U75

al»p 12.1 0.22$ l.Uo6

1,U26

1.500 1.U6 9.13

l.UtO

GENERAL DISCUSSION

Part I

The purpose of' these studies was to leam the technique of studying

protein synthesis by the microbial population of the rumen, Dializing sacs

were used to study an in vivo artificial lounen technique devised by Regier

(1961), It was observed that with US hours incubation of the sacs in the

rximen of fistulated steers the sacs remained intact but they were ballooned

and enlarged due to the accumulation of gases. This finding of the sacs

remaining intact is in close agreement with the findings of Louw et al, (19U9)
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nho devised the in vitro artificial rumen technique aaktng use of dializing

tubing. They claimed after examining the tubing under microscope that the

microorganisms did not attack the visking casing. They further stated that

the failure of microorganisms to attack the casing may be explained on the

basis that attack on the cellulosic materials usuaUy begins at broken or

torn ends arKi no such surfaces are exposed iwiien the tubing is made into a

closed sac.

The dializing sac iihich we:> used as an artificial rumen, when incubated

in the rumen, remained as a separate entity deriving the nutrients from the

rumen and diffusing out the metabolites uriiich were formed due to activity

of the microorganisms in the sac. The objects of the study were to find

out how long the dializing sac could be used as an artificial rumen success-

fully Trtien incubated in the rumen for long periods and whether protein

synthesis by the microorganisms would continue for such periods under the

conditions found in the sacs,

Warner (1956a) lists a suitable temperature as one of the criteria

for normal artificial rumen function. Since the sacs were incubated in the

rumen itself, it is obvious that the temperature of the sac should be the

same as that of the rumen*

Warner (1956a) also lists a suitable pH value as one of the necessary

criteria for normal functioning of an artificial rumen. In the studies

undertaken, it is probable that the favorable pH was maintained in the sac

for microbial synthesis of protein when incubated for periods up to 12 hours.

It is doubtful whether such favorable conditions were maintained when the

sacs were incubated for U8 hours in the ruaien. The accumulation of gases

and metabolites in the sacs would change the pH of the medium. The results
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reveal so, because synthesis of protein by the microbial popxilation in the

sac decreased with longer incubation period.

With the incubation of the sacs for 36 and U8 h >urs, it was doubtful

irfiether the gas phase and the provision for removal of metabolites, the

criteria stated by Warner (1956a), were met. The results indicate so. The

protein nitrogen values should have been the same as those obtained with 12

and 2U hours incubation of the sacs. It is, therefore, doubtful whether

the technique that was devised by Regier (1961) can be used for the study

of protein synthesis by the microbial population in sacs for more than 12

hours.

From the results of Trials 2 and 3» it appears that tiie technique

could be used to study behavior of pure cultures as to synthesis of protein

when inoculated in the sacs and incubated in the inimen. It was presumed

that the nutrients would diffuse from the rumen contents into the sacs in

sufficient quantities so as to promote protein synthesis and microbial growth.

The two cultures of bacteria used in Trial 2 were Leuconostoc mesenteroidea

and Streptococcus faecalis. In Trial 3» Leuconostoc mesenteroides was used.

There was practically no difference found in protein synthesis by these two

species of bacteria when incubated for 2k hours in the rumen of identical

twin fistulated steers*

There is no doubt that the rumen microorganisms can thrive and function

actively in the sac when incubated in the rumen up to 2li hours but after that

period the activity decreases considerably. As Regier (1961) pointed out,

it is still not known irtiether the nutrients diffused into the sacs support

the growth of all ruoen populations or a part of the microbial population,

Wiether the nutrients promote all the activities of all the populations or
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tone activities of some populations, is yet to be known. Further work in

this direction will probably clear up the obstacles in the understanding of

this problem. It might also be possible that the nutrients from the sacs

might have diffused out into the surrounding medium of the rumen ingesta or

the products of metaboliran due to the activity of the microorganisms ac-

cumilated in the sacs which brought about a static condition of the micro-

organisms when incubated for 36 and US hours. It can also be reasoned that

the decrease in protein nitarogen might be due to breakdown of the pirotein

and its deterioration, when the sacs were incubated for longer periods^

under which conditions sufficient nutrients were not available for microbial

growth.

Of interest is the fact that there is appreciably more protein nitrogen

in the sacs containing sterilized rumen liquor as media than those sacs

containing normal saline. This finding is according to the expectations.

It is possible that the microorganisms get a readily available source of

nutrients and energy for growth and activity. It appears that some time

lapsed before the nutrients entered the sacs containing normal saline or

sufficient nutrients did not diffuse in the sacs from the surrounding rvmen

ingesta so as to bring about growth and activity of the organisms.

In the early trials it was noticed that the bottles containing sacs,

which were put in the rumen of fistulated st ers, remained on top of the

ingesta in the rumen. It was thought that the mienorganisms in the sacs

were not getting sufficient nutrients from the solid rumen ingesta. In

order that the bottles remain in liquid portion of the ingesta, heavy iron

pieces were tied to the bottles before they were introduced in the rumen for

incubation, A comparison of protein nitrogen values was made between sacs
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contained in bottles whidi had weights attached and those vrithout weights.

Results in Tsble 3 reveal that no practical difference was observed between

the two groups*

The possible inconsistency in the results as seen from Tables 1 to 5

might be due to inadequate removal of the metabolites formed and accumulated

in the sacs as a result of microbial activity. Unsuitable gas phase and

imbalance between the minerals and other nutrients may also be contributory

factors. It might also be possible that the number of microorganisms in

1 ml. rumen liquor or 1/2 ml. culture were not sufficient to utilize nutrients

from ihe sacs for maximum growth and activity.

Part II

As the combination of artificial rumen, in vivo technique did not

ifork satisfactorily, it was decided to switch to the study of rumenology

in the rumen of fistulated steers. In the first instance, it was decided

to establish a sampling technique to obtain representative samples of the

rumen ingesta for analysis.

The rumen may contain up to 200 lbs. of contents and, the material

is much drier near the esophageal end than at the omasal end. Balch (195o)

has also stated that the contents of the ventral sac are always more moist

than those of the dorsal sac. On the basis of dry matter composition, the

contents vaiy at different depths in the rumen. It is clear therefore, that

sampling of runren contents may mean anything and in the realization of

potential errors in the procedure some vrarkers have resorted to removal of

the total rumen contents mixing them, taking an aliquot and replacing the

rest.
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In view of the difficiilties encountered by the previous workers, an

attempt was made to establish a sampling technique which could be used in

in vivo studies.

Sanples of rumen ingesta were obtained from four fistulated identical

twin pairs for determination of total nitrogen or protein nitrogen as per

general methods and procedure Part II,

In Trial 1 and 2, comparison was made between the total nitrogen con-

tent of samples obtained from inside and outside the rumen. The results

were nearly uniform. The average total nitrogen content of samples from

steer No. 3, was 2.lii mgins. per cent which in steer No. h, was 1.95 mgms. per

cent.

The total protein content of the rumen ingesta from steer No. 3 was

slightly higher as compared to the total protein content of the rumen ingesta

from steer No. U, which is his identical twin. Similarly the total protein

content of the rumen ingesta samples from steer No. 1 were higher than that

from steer No. 2 which is his identical twin.

All four steers were getting the same ration and the same quantity.

In all cases samples were taken from the rumen ingesta six hours after the

morning feeding. Even with these identical conditions, differences in total

protein content of the samples ^vas observed. This might be due to difference

in utilization of protein and non-protein nitrogen by these four steers.

But in all the steers total protein values of sanples of rumen ingesta ob-

tained fi-om different locations of the rumen and samples obtained after

evacuating the rumen contents were uniform when considered on an individual

steer basis. From the first four trials the results reveal that if proper

mixing of the rumen ingesta is done, representative 8aii¥>les of the rumoi
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ingesta could be obtained from the rumen for the study of njunenology.

Li Trial No, 5, an attempt was made to study the effect of coarse

and fine grinding of the rumen ingesta on the protein nitrogen values when

protein was precipitated with l5 per cent and 57 per cent trichloroacetic

acid. It was observed that grinding of the sanples to coarse or fine grind

had no effect on the protein nitrogen values. But a slight difference was

observed in protein nitrogen values when protein of the rumen ingesta sanples

was precipitated with 15 per cent and 57 per cent trichloroacetic acid. It

might be possible that the higher concentration of trichloroacetic acid

deconposed protein of the samples of rumen ingesta.

In Trials 6 and 7, instead of using dried and ground sauries, wet

sauries were used for analysis. Difficulty was encountered in using wet

samples to get representative samples from beakers for weighing. Even

with all the necessary precautions and thorough mixing, analysis of sam-

ples obtained from different locations of the rumen as seen in Table 11,

reveal slight differences in average total nitrogen content. The sample

from the central portion gave slightly higher values.

In Trial No, 7, samples collected from different location* were pre-

cipitated with 15 percent trichloroacetic acid. The precipitate was analyzed

for protein nitrogen. Results from Table 12 reveal that the average protein

nitrogen content of the wet samples from different locations gave nearly

uniform results. Moisture content of the samples obtained from inside the

mmen and after evacuating the rumen and those obtained from identical twins

did not show any difference. The moisture content of the samples from the

rumen of steer No, 1 and 2 was higher than that of steer No, 3 and U,

Thus ftrom these trials on "sampling technique" it was observed that
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whan carefully used, the ii»thod will be of immense use to the research

worker to study rumenology ^ vivo .

SUMMARY AND OBSHIVATIONS

Part I

Further observations were made on the technique of studying protein

synthesis by microorganisms in the rumen, devised by Regier (1961), to

determine whether the technique can be used for longer duration experiments.

This technique consists of the use of dializing tubing made into 7-8 inch

length sacs which were incubated in the rumen of fistulated steers. The

sacs were filled with sterilized normal saline or strained and sterilized

rumen liquor. After being sterilized in the autoclave for 3-5 minutes and

cooling, one gram of com starch dissolved in 10 ml, distilled water was

added to each sac. The sacs were then inoculated with fresh strained rumen

liquor or bacterial suspension. After sealing the ends the sacs were in-

cubated in the rumen. The selective permeability of the sacs allows dif-

fusion in and out of nutrients and removal of metabolites from the sacs.

At the eiKi of incubation the contents of the sacs were removed and nitrogen

determinations made.

The sacs remained intact and sterile up to U8 hours incubation in spite

of agitation and stirring in the rumen. The possibility of pure culture

studies is thus advanced.

Addition of weights to bottles in which sacs were introduced and in-

cubated did not reveal any marked difference in protein nitrogen as compared

to those without weights.
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Trials 1 to 5, were conducted to study protein synthesis by bacteria

or ruminal microorganisms inoculated into the sacs incubated in vivo and

to determine nihether conditions were favorable for microbial growth within

this environment. As regards protein synthesis, the results of these five

trials are not consistent and uniform. Therefore no definite conclusions

can be drawn. However it was observed that the protein nitrogen values of

the contents of the sacs decreased as the incubation time was increased from

12 hours to U8 hours. There was ballooning of the sacs due to accumulation

of gases when incubated for hQ hours.

The results of all five trials gave an indication that rumen liquor

was a better source of media than normal saline. Rumen liquor appears to

supply nutrients for immediate use by the microorganisms.

It appears that the artificial rumen in vivo technique cannot be used

for longer duration ea^eriments because the protein nitrogen values decreased

and the metabolic products formed due to microbial activity were not re-

moved at a sufficient rate so as to promote microbial growth.

Part II

Due to inconsistent results obtained in Part I of the experiment, a

sai^ling technique to obtain representative samples of rumen ingesta was

studied.

The rumen ingesta of the fistulated steers was stirred by hand

thoroughly for 5-10 minutes. Samples were taken from anterior central

and posterior part of the rumen. The entire rumen contents were evacuated

in a tub and representative samples were obtained. The sanples were dried

in oven and ground in Wiley mill. Total nitrogen determinations were made



79

using Kjeldahl apparatus.

Analysis of rumen samples obtained from inside and outside the rumen

for total nitrogen in the first four trials revealed that there were dif-

ferences in the total nitrogen values in the samples from the four fistu-

lated steers. Even in identical twin steers the sample values for total

nitrogen differed slightly. But in the same steer total nitrogen of the

samples from inside and outside the rumen as well as in dupUcate sainples

was uniform and did not show marked difference.

Coarse grinding and fine grinding did not affect the true protein values

of samples in Trial 5, when precipitated with l5 per cent and 57 per cent

trichloroacetic acid. Fifty-seven per cent trichloroacetic acid appeared

to decon?)ose protein as it gave slightly lower values than 1$ per cent

trichloroacetic acid precipitation.

In Trials 6 and 7, instead of ground dry samples, wet sanples from

different locations of the rumen were analyzed for total protein in Trial

6 and for true protein in Trial 7. Difficulty was encountered in obtaining

representative samples for weighing,

A method of sampling technique has been devised. It is felt that this

method would be of immense use in the study of rumenology in vivo.
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Seamless regenerated cellulose dializing tubing having thickness be-

tween 0,0018 to 0.0023 inches with a iridth of about 3 to li inches was made

into 7 to 8 inch long sacs to accomodate 80-90 ml. fluid. One end of the

sac was tied with nylon thread and the other end with rubber stopper and

rubber band. After filling the sacs with sterilized normal saline or steri-

lized rumen liquor T*ere sterilized again for 3 to 5 minutes arei after cooling

were inoculated with fi^sh rumen liquor or bacterial suspension. One gram of

starch in 10 ml, distilled water was added to each sac. Both ends of the

sacs were further sealed with plaster of paris and wax and incubated in the

rumen of fistulated steers for varying lengths of time. This provided an

in viYo artificial rumen combination for pi^tein synthesis by the micro-

organisms. At the end of incubation the contents of the sacs were eirptied

into flasks containing 10 percent trichloraacetic acid. The precipitate

was analyzed for protein nitrogen.

It was demonstrated that the sacs remained sterile up to U8 hours.

Therefore possibilities of pure culture study are suggested. At the end

of U8 hours of incubation, the sacs ware ballooned and tense due to ac-

cumulation of gases which must have prevented the growth of microorganism*.

Trials were conducted to study protein synthesis by microorganisms

inoculated into the sacs filled with normal saline or sterile rumen liquor.

The amount of protein nitrogen in the blanks and those inoculated with

microorganisms was determined. The results of all the trials show that there

was no appreciable increase in protein synthesis during incubation. The re-

sults were also not consistent. Maximum amount of protein nitrogen was found

after 12 hours incubation and minimum at US hours incubation. It was dem-

onstrated that sterilized rumen liquor was a better medium than normal saline



for growth and protein synthesis by the microorganisms.

It was concluded that the tecliniquo devised by Regier (1961) cannot

be used for studies of longer than 12 hours duration,

A sampling technique to obtain representative sanples of rumen ingesta

was studied. The nunen ingesta of fistulated steers were thoroughly stirred

by hand for 5-10 minutes, San^les were collected from anterior, central

and posterior parts of the rumen. Then the entire rumen contents were re-

moved and samples were collected. The san^>les were weighed, dried in oven

and reweighed. The dried samples were ground and representative sanples

from the ground material were analyzed for total nitrogen.

Total nitrogen values differed slightly in the identical twins and

with those from the other identical twin pair. But the resiilts of the

samples from inside and outside the rumen of individual steers revealed

no marked difference. No difference in the moisture content of the sam-

ples in identical twins was observed.

No difference was observed in protein nitrogen content of the samples

obtained from inside the rumen when ground with a find and coarse mesh and

precipitated with l5 per cent and 57 per cent trichloroacetic acid. Fifty-

seven per cent trichloroacetic acid appeared to have a slight deteriorating

effect on protein.

Weighing wet san^jles appeared to be rather difficult because repre-

sentative saii^>les from these wet samples was difficult to obtain,

A sampling technique to obtain representative samples of inanffln ingesta

is established. It is believed that this technique will have advantage over

other techniques because there are no artificialities and results would be

more reliable.


