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INTRODUCTION

The recent concept that the firet step in ruminant
nutrition is microbial nutrition has prompted numerous in-
vestligations during the past 10 to 15 years concerning the
factors which enhance rumen microbial activity. Such studles
are particularly ilmportant from the etandpoint of roughage
utilization by ruminants. Ruminants can utillize large
guantities of high cellulosiec materials only because of
extensive microblal action in the rumen., Thesge micro-
organisme gecrete cellulolytic enzymes which in turn act
on roughage meterlals converting them to products usable
by the animal,

More complete knowledge of the factors which influence
the cellulolytic activity of rumen microorganisms would be
of interest from the academlic point of view and would in
all probaebility be of great practical importance. Nore
exteneive and efflcilent utilization of the vast quantitles
of roughagee (particulsrly low quality roughage) 1s cer-
teinly one way of producing beef and lemb more economically.
The efflcient utilizstion of such materials 1s in turn
dependent upon maximum rumen microbisl activity.

Studles with rumen microorgenisms in vitro have demon-

gtrated thet certalin nutrients are required for maximum



cellulolytic sctivity. In addition to specific chemically
defined nutrients, factors, as yet chemlcally unidentified,
have been shown to exert s marked stimulstory actlon on
microblal cellulose digestion. These unidentified stimula-
tory factors {(cellulolytic factors) have been shown to occur
in higheet concentration in materiale rich in either protein
or in non-protein nitrogen., Furthermore, many of the mate-
rials exhibiting rumen microblal stimulatory sctivity contein
an sbundance of the B-complex vitamins or speclfic carbohy-
drates which can serve as readlly avellable energy for rumen
microorganisms,

In addltlion to the chemical identification of these
gtimulatory factore, another ares in which information 1s
lacking 1s thelr genersl effects upon the performance of the
animal, In thie regard, the development of a potent rsource
of the factores whlch would be avallable in large quantities
le needed, If such materisle do have a beneficial influence
upon the utilization of roughages by ruminante, a source of
them which could be produced economically and in large
guantities would be particularly valuable.

Thie etudy wae inltiated to obtain more information
concerning unidentified factore stimulatory to cellulose
digestion by rumen microorgenigme., In order to facllitate

such studies, a more sensitive and convenlent laboratory



aeeay technigue than thosge currently used was needed., One
phase of this study consisted of the development of such a
technique as well se & synthetlic medium contslining all the
chemically defined nutrlentes known to be required by rumen
mierocorganleme., Eguslly important phases of the study
included (1) determining if known B-vitamins or certein
carbohydrates were the sctive unidentified stimulatory
factors, (2) the development of a potent eource of the fac-
tors which might be produced economically and in large quan-
tities, (3) determining the signifilcance of the assoclation
of unidentified cellulolytic stimulatory factore with
materisals rich in elther protein or non-protein nitrogen,
and (4) determining the influence of certain sources of
theee cellulolytic factore upon body weight galine and feed
consumption by lambes, It was hoped that such studles would
contribute informetion which would eventuelly lead to greater
and more efficilent utilization of low quality roughages by

cattle and sheep,.



REVIEW OF LITERATURE

Nutrient Requiremente of Rumen Microorganiems

Three clesses of chemically defined nutrlente have been
8 hown to be reguired by rumen microorganisme for meximum
activity. These include (1) a nitrogen source--urea,
ammonium ealts, proteins, etc., (2) minersls--major and
minor, and (3) a source of readily avallable energy--pri-
merily soluble cerbohydrstes. Much of the information con-
cerning the nutrient influences upon rumen microbisl asctivity
has been obtained indirectly by observing the nerformance of
cattle and sheep on different feeding regimes. Addltional
informatlon hae been obtained more directly by studylng the
nutrient requirements of rumen microorganieme in vitro.

The importance of protein or nitrogen to cellulose di-
gestion by rumen microorgaenlisme was first noted in studles
in which the feeding velue of corncobs was being investigated.
Burroughs and Gerlaugh (15) obtained 14 and 17 per cent in-
creases in the dry matter digestibility of corncobe and
timothy hsy, respectively, when soybean oll mesl was added
to fattening rations contalning these roughage materiale.
It was suggested that fectors in soybesn oil mesal in sddi-

tion to protein might have contributed to 1ts favorable



influence. In further work by Burroughe et al, (17), the
effecte of skim milk additlons upon roughage utilization
were studlied., Proteln levels of rations containing corncobe
or clover hay were varied by substituting dried skim milk
for minerslized starch., Improvements 1n digestion of corn-
cobe and clover hay were obtained when skim milk was added
to ratlons containing some starch, ©Okim milk additione to
ratione without starch resulted in little improvement in
roughage digestion. Simller results were obtalned in
another experiment by the Ohlo group (1l4) when casein was
added to rovghage ratione containing starch. In thie study,
roughage digestion wes shown to be very good when a 3.4
per cent ecrude protein ration contsining no starch was fed
to cattle, These data indlcated that the protein requirement
of mlcroorganisme for masximum roughage digestion 1s lower
than the proteln requiremsntlror body needes. It was also
spparent that lnclusion of starch in cattle ratlions in-
creassd the need for proteln or nitrogen by cellulose di-
gesting bacteria.

An artlficlal rumen technique wae used by Burroughs
et el. (20) to determine the influence of vezrlous protein-
rich feeds and ceresl graine upon cellulose digestion by
rumen microorganisme, Thelir results showed that meny feeds

influenced cellulose digestion by rumen wmlcroorganlsms in



yitro. Additions of distillers' drled solubles, soybean
01l mesl, or linseed oil meal increaesed cellulose digestion
markedly, while varioue cereal graine and animal by-products
feede had 1little effect. In another series of in vitro ex-
periments by Burroughs et sl, (18), cellulose digestion in
high and low quality roughages wae studled. Nitrocen and
‘minerals improved the breaskdown of cellulose in the poor
quelity roughages, while these nutrients had very little
effect upon celluloee digestion when the roughage used was
of high quality, The authors suggested, ln this revort,
that rumen microorganisms require three classes of nutrients.
These include (1) energy, (2) nitrogen, and (3) minerals.

Clark and Cvinn (22) supplemented poor quslity grass
hay with urea and molasees in wintering rations for sheep,.
Animeale recelving these supplementstions maintained their
welght better and consumed more hay than sheep fed only poor
quality grass hay. More totsl cellulose was dlgested in the
supplemented group but the percentage of cellulose digested
wae not affected,

An extensive in vitro study wes conducted b; Belasco
(4) to evaluate various non-protein nitrogen compounde as
sourcee of nitrogen for rumen bacteris, Cellulose digestion,
release of ammonla, and bacterlial growth were used ss cri-

teria to determine the effectiveneses of the compounds as



nitrogen sources in these experiments. The addition of
either ures or varlous ammonium salts to the fermentation
flagske resulted in csllulose digestion coefficiente of 75-
80 per cent as compared to only 25 per cent for flaske
without an added nitrogen source, Certaln ures derivatives
were found to be very poor sources of nitrogen for bacteria,
The cellulolytic response from such compounde as formamide,
ascetamide, propionamide and n-butyramlide was generally less
than that observed with urea. Glycine was ineffective as

a nitrogen source for bacterla, whereas the amide of glycine
wes very effective., The nitrogen from various orgsnic and
inorgenic ammonium salts was hlghly avallaeble, Ammonium
guccinate and lactate were especlsally good nlitrogen sources,
The author postulated that the organlc fragments of these
nitrogen salts might have stimulsted rumen microblal
asctivity in eome fashlon. Various amidinee such as crea-
tine, creatinine, and salts of guanldine proved to be
effective nitrogen sources. Purines such as urlc acid and
allantolin were utilized by rumen bacteria as nitrogen
gourcee, The importance of nitrogcen to rumen microorcaniems
was amply demonstrated in these studlies. It was also shown
that a wide varliety of non-protein nitrogen compounds were

very effective nitrogen sourcee for rumen bacteris.



In regard to the nitrogen requirement of rumen bec-
teria, both Burroughe et gl. (12) and McDonald (48) sug-
gested that ammonia 1s the primary intermediate and that
the nltrogen requirement does not involve the more complex
forme of nitrogen such as amino aclds or proteln per se.
The stimulatory effecte upon rumen microorganisms by cer-
tain complex protein meterials 1le¢ expleined partially on
the besls of accompanyling nutrients such as minerals and
‘energy ylelding carbohydrates.

The stimulatory effect of soluble carbohydreates upon
rumen microblal activity has been observed by & number of
workers, The earlier studiees with carbohydrates were con-
ducted to determine the influence of such materials upon
non-protein nitrogen utilization by rumen microorganisms.
In an experiment using one fistulated cow, Mills et al.
(53) found that the addition of starch to a timothy hay-
uresz ration improved the utilizatlion of urea markedly. The
protein content of the rumen was increaged by 57 per cent
when etarch was included in the diet. The suthore stated
that starch served ag & readlly avallable energy source
for the microorganisme enabling them to bulld new protoplasm
in which the nitrogen from the ures waee incorporated, The
Australian worker, Plerce (59), observed that the addition

of potato sterch to a ration low in proteln, but contalning



urea, lmproved the utilizstion of the ures as evidenced by
the incressed wool production of HMHerino sheep.

The in vitro experimentes by Pearson and Smith (55) and
McNaught (49) showed that a readily available source of
energy le eseential for the conversion of non-protein nitro-
gen to bacterlsl protein., EStarch, dextrin, maltose, glucose,
lactose, L({+ )-arabinoee, D{(+)-~xylose, D(-)-fructose, raf-
finose, inulin, celloblose, and D(~+ )-mannose were shown to
incresse the conversion of non-protein nitrogen to protein
nitrogen.

Using the breaking strength of cotton string which had
been lncubated in ruminal ingeste as & criterion of rumen
microblal activity, Hoflund et al, (34) found that small
amounts of sugar increased cellulose dlgestion and appetite
in sheep, Excesslve amounts of sugar depressed cellulose
dlgestion.

Ariss et al, (2) studled the influence of six sources
of energy upon rumen microorganlisms in the artificisl rumen,
The subetances studied were dextrose, cane molasgses, sucrose,
staerch, cellulose, and ground corncobs. Celluloee dlgestion
and uree utilization were used as indices of microblal
activity., It wss observed thst small additions of each of
the energy sourcee increased urea utllizstion, High levels

of the readily avesilable cerbohydrates decressed cellulose
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dlgestion. These workers suggested that some readily
available energy 1ls needed during the time cellulose 1is
belng broken down to & form utilizable by the bscterias.
They alro vostulated that 1f too wmuch soluble carbohydrate
is supplied, the energy regulrement of the bacteria will
be met and they no longer need to breask down cellulose for
energy.

The synthesis of riboflavin, niaclin, and pantothenic
sacld by rumen bacteria was stimulated by the presence of
starch in the medium as shown in the experiments conducted
by Hunt et &l, (40). The synthesle of vitamin By, was not
significantly incressed by the starch., Urea utilization
wee Increased but cellulose digestion was depreesed in the
presence of starch.

The mineral reqguirement of ruminants (particularly for
trece minersle) 1s generally assumed to be grester than for
monogastrlic anlmaele becsuse of additional minersl neede for
bacterlial activity in the rumen. Ueing the diminution of
non-proteln nitrogen in bovine rumen ligquld when incubated
in ¥itro ss an index of bacterial growth, McNaught et al,
(50) revorted that iron etimulated the utilization of non-
proteln nitrogen by rumen bscterie. Toxlc levels of iron,
copper, cobalt, and molybdenum were reported as beling

1000, 25, 1000, and 2000 parts per million, reepectively.
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Protein synthesle wees very poor when the iron content of
the medlum was less than 1 part per milliion. 4 level of
1-2 parte per million of iron supported good bescterisl
growth, The use of chelating agentg as demonstrated in
thls work appears to be one possible method of determining
some of the quantitative minersl requirements of rumen
bacteris,

Burroughs et al, (19) found that molasses ash, phos-
phorue, and iron stimulasted cellulose digestion by rumen
microorganieme in vitro. These workere suggested that ele-
ments other than iron and phosphorus were involved in
mierobial physlology in addition to sodium, potassium,
celcium, magnesium, chlorine, and sulfur., The latter ele-
mente were routinely used in their ertificial rumen studles,
but an actual requirement for them by rumen bacterla was
not established in thelr studies. Gall et al. (29) reported
a marked difference in types and a reduction in the number
of rumen bacteris In cobalt deficient sheep. Various forms
of gulfur, l.e., digodium sulfete, methlonine, and cystine
stimulated cellulosre digestion, urea utilizatioh, and
synthesie of riboflavin and vitamin By, in the artificlal

rumen (Hunt et al,, 40).
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Occurrence of Unldentifled Factors Stimulatory

to Rumen lMicroblel Activity

In addition to minerels, soluble carbohydrates, and a
nitrogen source, many natural substancee are known to stimu-
late the activity of rumen microorganisme. Attempte to
explalin the stimulstory properties of such substances on
the basls of known chemical composition have not been
entirely succegeful.

Rumen liquld has been shown to be one of the best
gources of these unldentified stimulatory factore. Hungate
(39) ané¢ Bryant (10) used rumen liquid in their medis for
culturing pure straine of rumen bacterie, Growth of celliu-
lolytic rumen bacteria was speeded up when rumen liquild was
pregent in the culture medium; some etralns were found to
require it. Doetech et al, (26) euggested that rumen liquid
contains unknown substances esggentlal for bscterlisl growth
not included in commerciel medie. Burroughs et al, (13) ob-
talned large increasesg in cellulose dlgestion 1in the arti-
ficial rumen by sdding autoclaved rumen liguild. Thie
material was found to restore the cellulose-digeeting abll-
ity of rumen bscterlsa after they had lost it due to prolonged
Incubation in wvitro. Cellulose digestion by washed rumen

mioroorganisme was increased 25-30 per cent by rumen liquld



13

in experimente reported by Garner et al, (31). In addition
to stimulating celluloee digestion, rumen liguld wee also
found to inhibit the growth of undesirable micrcorganisms
sometimes found in the rumen,

Other natural subsetances heve been reported to enhance
cellulose digestlon by rumen microorganisme in vitro.
Numerous studies (37, 63, 60, 61, 51, 5) have shown yeeast
extract to be an exceptionally good source of these un-
ldentifled cellulolytic stimulatory factorse. Vater extracts
of menure were found to incresse cellulose digestion in low
quality roughages in the artificial rumen (18). Cellulose
digestion in high guelity roughsgeg was not affected by the
manure extract supplsmentation. On the basls of theese re-
sulte 1t wae concluded that these unidentified cellulolytic
nutrients were present in ample quantlties in certalin high
guelity roughagee and were present in inadequate amounts 1n
certain low quality roughages.

Thet some high quality roughages contain fectors which
stimulete cellulose digestion, was shown in subsequent ex-
periments by Burroughs et al. (19), Ruf (61), and Bentley
et al., (5). Water extracts of alfslfs leaf mesl, fresh-cut
ladino clover, and good timothy hay stimulated cellulose

dlgestion by rumen microorganiesms in the artificlal rumen.
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An extenslve study of these unlidentified factore and
their occurrence was made by Ruf (61). He obtained marked
incresses in cellulose digestion from goybean oil meal,
lingeed o1l meal, cottonseed o0il meal, and distillers! dried
solubles in asddition to rumen liguld, yeset extract, and
various other complex materiale. The effects of the dif-
ferent sourceg of these factore were found not to be addi-
tive., This indicates that the stimulstory properties of
these substances may be due to common factors or nutrients.

On the basls of these gtudlesg 1t 1s spparent that the
distribution of these unidentified stimulatory factors is
widespread, Frotein-rich feede and other materisls rich in
non-protein nitrogen apreer to be very good sources of them,
Rumen liguid, yeast extract, and varioue forage extracts
sre perhaps the most potent sources of those unidentified

stimulatory factors,

Some Chemical and Phyeical Properties of Unidentified

Cellulolytic Stimulatory Factore

& few studles have been conducted in whlch attempts
hsve heen made to ascertsin the chemlicsl ldentity of un-
ldentified cellulolytic factors. One of the more extensive

studies of thie esublect wae conducted by Ruf et gl, (62).

aastim—
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Manure extracts, yeast extract, and soybean oil meel were
frectionated in an attempt to ieolate the active principles
in these materials, The factore were not isolated but some
of their properties were determlned., The stimulstory fac-
tore were found to be heat stsble, water soluble, and soluble
in dilute ethanol., They were absorbed on Norite and were
eluted with acetone and ethanol. However, the eluates were
not ss actlve as the original material, Bince these
factors were not absorbed on ilon-exchange resine and ash-
ing wae found to destroy them, it was concluded thet the
factors were orgenic rather than minersl. Frecipltation of
the proteins in water extracts of manure and yesst with hy-
drochloric acid or alkallne-zinc sulfate dld not remove the
active principles indicating they were non-protein,

Gerner gt sl, (30) reported that the estimulatory fectors
in rumen liquid were stzble to sutoclaving at a pH between
7 and 10. Other etudies (51) showed that prolonged heating
of rumen 11quid-at a pH of 2.0 or 11.0 decreased ite etimu-
latory properties. ERumen liquild treated in this facshion
supported the growth of only a few types of rumen bacteris,
The factors in rumen liguld were found to have some affinity
for Norite and were eluted with ethanol, thue, confirming

the results of the previous study. The eluates were
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lese active than the original starting materisl as was
found by other workers,

Bentley gt al. (5) concentrated an active fraction from
rumen liquld by lead acetste preciplitetion. The affinity
of these factors for Norlte at & pH of 5, or above, and
thelr subseguent elution with ethsnol were further confirmed
in these studiee. More recently, Bentley et al. (6) re-
ported that the sctive factors were obtalined from acidified
rumen liquid by steam distillstlion. Steam distillstes of
alkallne rumen liquld were found to be inactive., This indi-
cated that the active princlples were volatile fatty acids,
Subsequent tests with fatty acids in the artificial rumen
showed that valeric aclé was Just as active in stimulating
cellulose dlgestion as wae the steam dietillate of acidified
rumen liquid. Isobutyric, isovaleric, and caprolc acids
vere aleo found to have some activity. The active factors
were not steam distillable from water extracte of dried
distillers' solubles, &lfalfs mesl, or yeast extract. The
author suggested that the cellulolytic factors in these
materials may be amino acide which could act as precursors
of the five and eix carbon fatty scilds.

That short-chain fatty aclds stimulate the activity of
cellulolytlc rumen bacteria wase confirmed by the studles of

Bryant end Doetsch (11), Using a pure culture of &
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cellulolytic bacterium, Bscteroides succlnogenes, they found

that rumen liquld was an abeolute requirement for the growth
of this rumen microbe, The requlred factors in rumen liquid
were ghown to be stable to heat, acld, alkali, and drying.
They were found not to be & known B-vitarin, amino sacid,
peptide, purine, pyrlmidine, olelc acid, or mineral. Ether
extracte of rumen liguid at a pH of 2,0 completely removed
the active vrinciples. Steam dletillation of acidified rumen
liquid alsgo removed the stimulastory factore. Vhen the active
steam dlstillate frection was chromatographed, most of the
ectivity was found to be present in the valeric acid frsc-
tion. PFurther work showed that the active cellulolytic
fsctors were a mixture of streight and branched-chain fatty
acide, The active branched-chaln aclds were postulated as
being lsobutyric, ilsovaleric, and DL- X -methyl-n-butyric
acide, Either n-caproic acld or n-valeric acid was the
straight-chained component. (A4ll of these fatty acids have
been isolated from rumen contents by other workers, 28, 1).
Both gtructural typee of aclds were redquired for activity.
This 1e in contrast with the Ohio group flndinge in that
either the branched or straight-chaln acld was active under
theilr conditions, However, in the latter study, a mixed
population of rumen bacteris was used, Some svecles may

have been present which could synthesize elther one or the
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other typee of acide but not both types. £nother possi-
pility 1e that the fatty aclds used by these workers may
have been impure and actually contained both structural
types of aclds,

Recently, dilethylstilbestrcl, choleeterol, and estrone
have been found to be sctive cellulolytic factors, BHrooks
et 21, (9) found that these compounds stimulated cellulose
digestion by rumen microorganisme in the artificlal rumen.
Cellulosz digestlion in sheep was szlgo signiflcantly ilncreased
when dlethylstilbestrol wse added to a high roughsge ration.
Further work is needed to confirm these findings.

To what extent these eterold compounds gnd volstile
fetty acldes may explaln the cellulolytic properties of rumen
liquid and other materials needs further etudy. There 1a
some indlcztion that fsctore other than fatty aclde may be
involved in the case of yeasst extract and verioues plant
extracte., Whether these sddlticnal factors are sgterold

compounds 1s not known,

Effects of the Unidentified Stimulatory Factore upon the

Performance of Beef Csttle and Sheep

The influence of many sources of the unidentified

gtimulatory factors upon rumen microblal sctivity has been
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determined rather extensively in vitro. However, the
activity of only a few of these meterigls that contaln
these stimulatory factors has been noted in the live animsl.
A number of studles have been conducted to determline the
influence of adding alfalfa meal fractions to low quality
roughage ratione upon the performance of cattle and sheep.

In three series of digestion trlales with steers,
Burroughs et al, (16) found that either water extracts or
the ash of alfalfe meal improved the digesti~n of corncobe
markedly. Each of the meal fractione wag fed at a level
equivelent to 4 pounde of the original meal, Swift et al,
(67) obtained simllar results with sheep when alfalfa ash
wag added to rations containing 40.4 per cent corncobs,
Calorimetric measurements were made 1n conjunction with the
digestion trials in the latter study and showed that the
total digestible nutrients of the basal ration were in-
cereaged by the ash sddition.

Beeson and Perry (3) have reported a beneficisl effect
from adding alfalfa meal to low quallty roughage rations for
calves and yearling steers. Llkewlse, Klosterman et 8l,
(44) obtained a significantly higher rate of galn in cattle
when one-half of the soybean oil meal in the ration wae
replaced by alfslfa meal. In these studies the ash from

1.75 pounde of alfalfs meal when fed to cattle resulted in
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an average dally gein per hesd of 2.19 pounds as compared
to only 1.75 voundes per head daily for cattle not recelving
the esh in their ration. These workers concluded that the
stimulatory factors in slfalfa meal were accounted for
entirely by the mineral fraction.

Experiments by Oklahoma workers (70, 21) have shown
that the digestibility of cottonseed hulls and corncobs by
sheep 18 lmproved materially by adding alfelfa meal ash to
the ratione. BSheep recelving the ash in thelir ration were
noted to have better appetites than the control animals,
Additional work by thie group of workers (35) showed that
alfalfa ash slgnificantly increased the synthesis of ribo-
flavin, nicotlnic acid, and pantothenic acid in the rumen
of sheep, Thie incressed B-vitamin production may account
for the lmproved appetites of the ash supplemented sheep.

Bentley et al., (7) reported the resulte of two feeding
trlale with steer calves in which the effects of alfalfa
agh and trace minersles upon weight gaine, feed consumptlon,
feed utilizaetion, and vitamin B;, synthesis were observed.
Steer calves were fed & ration of mature timothy hay, ground
ear corn, ures, cerelose, calclium, phosphorus, lodlzed salt,
end vitamin A, They found that supplementing thie ration
with alfalfs ash or e trace minersl mixture (cobalt, man-

ganese, zine, iron, and copper) significantly increased the



sverage dally gains of the steers. Thelr regulte indicated
that cobaelt was the primary limiting trace mineral in this
ration. PFeeding cobalt, or a minersl supnlement contalning
cobalt, increased vitamin B;, synthesls as indicated by the
inereased liver content of vitamin By, and the amount of
this vitamin excreted in the feces. The apparent digesti-
bility of the ration appeared not to be affected by the
minersl supplementztlion. However, feed consumption was
increased.

The experiments by Pfander et al. (58) demonstrated
that the stimulatory activity of alfelfe hay ash was highly
correlated with the fertillty of the soil on which the hay
was grown, Agh from slfslfe hay grown on fertile soll
increased cellulose digestion, volatile fatty acld produc-
tlon, and live welght galns 1in sheep when added to s low
quallty roughage ration. Aeh from slfsalfa hay grown on low-
fertility solls was not active ae demonstrated in their
studles,

Some studles nave been conducted to determine the
effects of adding yeaet to cattle and sheep rations. The
resulte of these experiments have been variable, Some
sarly 6@rmén work by Klein and Mdller (43) indicsted that
feeding a nectar yeast, Anthomyces reuksufii, to sheep re-

sulted 1n improved utillization of non-protein nitrogen.
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The yeast-fed sheep were reported to have had better
appetites and wént of f feed lees often than the control
animals, 8ince this yeast ie commonly found in the nectar
of flowere, the authors felt that little beneflt would be
derived from feeding it to grazing animals. Further work
by Mdller (54) indieated that feeding e thermophillc yeast
to ecalves lmproved the utilization of the non-protein
nitrogen in alfelfa silage,

Beeson and Perry (3) obtalned an apparent increase in
deily gains in cattle by adding live cell yesst to a reation
of low quality roughage and Purdue Supplement A. However,
the increasse in gelins was not statistically significant.

In another experiment conducted by Perry et al, (56), the
addition of live cell yeast to & wintering ration for cattle
improved the dally galins from 1.33 to 1l.53 pounde per hesd
dally. However, no improvement in gaine wae obtained by
feeding the live cell yeast when the expsriment was repeated
the following year (57). Artificial rumen studies (61) have
indicated that live cell yeast may compete with rumen bac-
terla for essentlal nutriente., Thils may explain the lack

of improvement in cattle performance when this product is
fed.

Very good results wers obtalned with yeast in two

serles of experiments conducted in England. Tosic (72)
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gtudled the effect of small quantities of a yeast preparsa-
tion on the recovery of appetite in sheep. A water extract
of bakers' yeast containing 2,3 grams of dry matter and 247
milligreme of niltrogen was introduced into the rumen of a
sheep which had lost 1ts appetite and conslderable welght
as well., Soon after the yeast treatment, this sheep almost
doubled 1te feed intake and regained ite body welght, Two
other sheep in a gimllar condltion were also trested with
equal effectiveness. However, sttempts to experimentally
induce s lose of appetite in sheep so thst this problem
could be sgtudied more extensively rfalled.

Thomson and Tosic (69) studied the effects of feeding
fodder yeast" upon feed intake and body weight increaces
in twelve lambs., All lambe were fed a low quality hey
containing only 4.5%6 per cent crude protein. One group of
four lambe recelved 40 grames of "fodder yeast", whereas
four other lambs received an equivalent amount of nitrogen
in the form of casein. A third group of lambe gerved as
the unsupplemented controls, Body welght gains and feed
consumptlion were increased significantly over the other
groups by the yeast supplementstion ss determined over & 53
day feeding period. The aversge hay intake in the yeast

group was increszsed from 700 to 1250 grams per anlmal
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daily. The increased gaine were entirely accounted for by
the increasse in feed consumptilon.

S8imiler recsults with yeast were obtained in sn experi-
ment conducted by Ruf et 81, (62). Two groupe of four lambe
each were individuslly fed a geml-vurified ration., The
treatment group received 5 per cent torule yeast {wood
yeaet) in their diet while the control lambs were fed an
equivalent amount of nitrogen in the form of casein. The
resulte of a 56 day feeding test showed that the yeast group
of lambe consumed an average of 2.24 pounde of feed per
lamb deily, whereas the control lambs ate only 1,58 pounds
of feed per heed dally. Sheep receiving yeast in thelr
dlet galned an average of 0.21 pound per head dslly as
compared to 0.05 pound per head for the controle. The
authors pointed out that the good results obtalned with
yeast in vivo in thelr studles paralleled thoee obtalined

with yeast in yitro.
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EXPERIMENTAL

A Method for the Study of Cellulose Digeetion by

Washed Suspenslions of Rumen Microorganisms

Several methods have been developed for the gtudy of
in witro cellulose digestion of the ruminant. Marston (52)
uged a procedure which appesred to simulate closely the
natural environment in the rumen, Hle method was later
improved by Louw et al, (47) by incubating rumen liguid in
8 sgemi-permeable bag suspended in & large volume of adqueous
growth medium. Thle improved method prevents the accumula-
tion of metabolic end products esuch ae volatile fatty acids
in the bag 8o that the rate of digestion willl not be in-
hibited. A eimilsr method, but on a smaller scale, was
devised by Huhtanen et al. (38).

An artlficisl rumen technique was developed by
Burroughs et al., (13) for the study of cellulose digestion,
In this method the rumen inoculum (whole rumen liquid) was
dilluted esch day so that the nutrients originaslly present
in the rumen ligquld were graduaslly exhausted, This method
weae used to evaluate the comparative merits of different
feede ae sources of unldentified factors and wes shown to

be very sensitive to these factors (62). One limitation
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of thie technlique, however, was the time recquired (5 to 10
days) to complete a fermentation test. During this long
incubation peried in yitro, the rumen microorganisme might
become so modified that they would not represent a typlcal
gsample of the normal rumen flora,

The purpose of thie phase of the gtudy wee to develop
& method which would not only be sensitlive enough to detect
the effect of small amounte of unidentified factors and
other nutrients etimulatory to cellulose digestion, but at

the same time would require a short fermentation period.
Materlales and methods

Rumen contente were obtained from a 1000-pound fistu-
lated steer recelving s ration consieting of 6 pounde of
corn, 2 pounds of soybean oil mesal, 12 pounds of corn silaée,
and hay ad 1libitum. The llquid portlon of the rumen contente
wae strained through four layers of number 50 grade cheege-
cloth and collected in thermal-neutrsl contalners. Thie
constituted the first step in obtelining rumen inoculum in
l1iquid form, In & typlcel experiment 1200 milliliters of
rumen liquid were collected. The stralned rumen fluld was
next centrifuged in & small Bervall angle centrifuge at a

speed of about 1000 r.p.m. for 1 minute., This process
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sedimented partielly digested feed particles and protozoa
whlch were not removed by strsining the rumen liquid through
cheesecloth, These were dlscarded. The supernatant wae
then centrifuged agaln at a speed of 5000 r.p.m, for 20
minutes, The resulting sediment consisting principally of
rumen bacterla was suspended in 360 milliliters of distilled
water saturated with carbon dioxlde gas. 4 Waring Blendor
wes ueed to suspend the celle in the washing solution so
that clumps of cellg would he dlepersed. This bacterial
guspension wae centrifuged agalin for 20 minutes at 5000
r.p.m. and the washing process repested. The final sediment
obtained from the third high-speed centrifugation wes sus-
pended in 600 millilitere of a nutrient solution prepared
according to & formula modified from Burroughs et al, (18)
and shown in Table 1,

Three grame of & purified wood cellulose, Solke-floc,
were added to the bacterisl suspenslon meking the concentra-
tion of this ineoluble cellulose 0.5 per cent., A stresm of
carbon dloxlde gas wae directed through the suspenslion for
10 minutee after which time the pH was adjusted to 7.0 by
the sddition of a satursted solution of sodlum cerbonate.
Aliguotes of 20 mlllilitere each were pipetted into 75~
milliliter pyrex centrifuge tubes, Triplicate samples of

20 milliliters esch were aleo gsved for cellulose



28

Table 1., Composition of nutrient solution
Constituent Amount
gm./liter
Na o EPQy, 0,316
KH,P0y, 0.152
NaHCGB 2,620
KCl 0.375
NaCl 0.375
NgS0y, 0,112
CaCl, 0.038
Fe S0y, + 7H,0 0.008
Mng0, 0,004
Zn80y« 7H,0 0.004
Cus0y, 5H,0 0,002
00612 0,001
Urea 1.000
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determination. Hmch of theee fermentation tubes was fitted
with a rubber stopper and inlet and outlet glases tublngs.

4 constant flowing stream of carbon dloxide gae was passed
through the tubes to establish and maintain anaerobiosls as
well as to agitete the fermenting suspension., The tubes
were incubsted in a constant temperature water bath thermo-
statlcally controlled at 39° Centigrade. The apparatus used
in these studlee 1eg 1llustrated in Figure 1., At the end of
24 hours, the fermentation was terminated and cellulose was
determlned on the entire contents of each tube using the
procedure of Crampton and Maynard (24) with slight modifi-
cation.

In studying factors influencing cellulose digestion by
thls method, 1t was necessary only to add such factors into
regpective tubes, and compare the degree of cellulose di-
gestlon obtsined with cellulose digestion in control tubes
without the added factors. Usuelly, all the trestmente,
inecluding the control, were triplicated. Where 0.5 per
cent cellulose was placed in the medlum, approximately 60
per cent digestlion wae obtained in the control tubes by the

end of 24 hours.



Figure 1. Apperatus for studying rumen mlcroblal
cellulose digestion in vitro
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Results and discussion

There are certain conditions which must be maintained
in the fermentation tubes if maximum cellulose digestion is
to occur. The influence of the initisl pH of the medium
upon celluloee digestion 1s shown in Table 2 and is 1llus-
trated graphicsally in Figure 2. The desired pH in the

different groups was obtained by the addltlon of elther

Table 2. The influence of pH upon cellulose digestion by
rumen microorganisme in vitro

pH Cellulose digested®
gm. 4

5.6 0.0282 30.3
6.0 0,0443 47.8
6.4 0.0511 55.1
6.8 0.0599 6k, 5
7.2 0.0607 65.4
7.6 0.0586 63.2
8,0 0.0527 | 56.8
8.4 0,0488 52.5

8rhe initlal amount of cellulose in each tube was
0.0928 gm,
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- Figure 2, The influence of pH upon cellulose digestion
by rumen microorganiems in vitro
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godium carbonate or hydrochloric acld, When the percentage
of cellulose digested 1s plotted against pH, 1t is seen that
maximum cellulose digestion occurred over a pH range of
6.8~7.6. Only when the initiel pH was lower than 6.4 or
higher than 8.0 was cellulose digestion reduced to a con-
siderable extent, The rumen microorganiems appeared to be
able to tolerate an alkaline environment better than an
acidic one., Thie may be expected since the end products

of cellulose degrsdation by rumen microorganisms are
acidic., The formation of such products in an already acid
environment would tend to aggravete the conditlon, At the
end of the 20-hour lncubation period, the pH of all the
tubes having an initial pH between 6.8 to 8.4 remained
between 8.7 to 7.1l. Since this pH range is still adequate
for maximum cellulose digestlion, 1t wes not necegsary to
readjust the hydrogen-ion concentration durlng the course
of an experliment.

Mogt of the cellulose digestion experimenta were
terminated at the end of 20-24 hours. With 0.5 per cent
celluloge in the medium, vigorous digestion occurred between
the sixteenth and twentieth houre of incubation. The rate
of cellulose digestion for 4-hour intervale is shown in
Table 3 and Flgure 3. 4 marked decrease in the rate of
cellulose digeetion occurred between the fourth and elghth



Table 3.

The influence of time of incubation upon cellulose
digestion by rumen microorganisms in vitro

Incubation time

Cellulose digested®

Rate of digestion

hrs. i % mg./4 hre,
0 0 0
b 102 9.6 102
8 142 13.4 Lo
12 295 27.7 153
16 519 Lg,9 22k
20 726 68.4 207
24 824 77.7 98

&7ne initiel amount of cellulose in each tube was

1060 mg.

hour of the incubatlion period.

This may correspond to the

lag period which often occurs when bacterla are transferred

into & new environment.

Apparently, the presence of

nutrients in the cytoplasm permit a high rate of cellular

actlvity in a new environment for & short perliod of time.

After thesge nutrients are exhausted, the cells require a

period of adjustment to their new medium before normal

activity can be resumed.,
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The concentration of cellulose ueed in the medium slso
affected the smount thet was digested in 24 hours. As
shown in Table 4, the greater amount of cellulose was di-
gested when a concentration of 1 per cent was used. How-
ever, on a percentage bagls, a greater digestion coefficlent
was obtained when the concentration of cellulose in the
medium was less then 1 per cent. Thus, it is seen that, in
general, the less the concentration of cellulose ie in the
medium the more complete isg ite digestion by the microor-
ganieme where the size of the inoculum is held constant.

The rate of cellulose digestion was also affected by

" the aize'or the inoculum or the concentration of rumen

Table 4, The influence of substrate concentration upon
celluloee digestlion by rumen microorganisms in

vitro
Cellulose in Initial wt, Cellulose digested
nutrient medium of cellulose gm. 4
gt
0.25 0.0432 0.0327 75.7
0.50 0.0812 0.0468 57.3
0.75 0.1351 0.0857 64.6
1.00 0.1838 0.0984 53.6

1.25 0.2260 0.0862 38.1
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microorganisms used per unit volume of medium., Noct of the
experimente reported in thie study were based on the use of
20 milliliters washed suspension of rumen microorganisms
equivelent to 40 millilitere of original rumen liquld taken
from the steer. In other words, each 20~milliliter aliquot
of basal medlum containing 0.5 per cent cellulose was
inoculated with the washed rumen bacteria removed from 40
milliliteres of rumen liguid., Table 5 shows the percentage

of cellulose digested as influenced by the amcounts of

Table 5. The influence of the concentratlion of rumen
microorganisme upon celluloge digestlon in

vitro

Rumen liquid Initial amount Cellulose digested

ml,2 of cellulose m P

g, g

10 0.0894 0.02u47 27.7
20 0.0932 0.0614 65.9
4o 0,0961 0,0890 92.8
60 0.0960 0.0901 93.2

&imount of rumen liguid used to prepsre 20 ml. of a
washed suspension of bacteria.



original rumen ligquid used. The bacteria removed from each
of the emounte of rumen liculd listed were used to inoculate
one 20-milliliter sliquot of basal medium. These results
show thet 40 milliliters of rumen liquid were adequate to
produce maximum digestion when the concentration of cellu-
lose in the medium was approximately 0,5 per cent, Since
the rumen liquld used was taken from one snimal recelving
& gpecific ration, these results cannot be interpreted too
broadly. It is very likely that with different animsele fed
other ratione the activity of the rumen micro-flors would
be gltered to some extent., Therefore, the amount of rumen
liquid required to give an optimum cellulose dlgestion

rate could concelvably vary with different conditions,.

One of the more important advantages of using weshed
mlerobisl suspensions over the unwashed rumen liquid is
that in the former method the unknown factors whilch are
present in the rumen liquld are washed out., The washed
gugpension 1is aleo compsretively free from any metabollc
end productes that were produced by the microorganisme while
they were in the rumen. Therefore, when an adequate nutri-
ent solution ie provided together wilth a subetrste, in this
case an 1lnsoluble cellulose, the enzymes of the microorgan-
isme tegln to act on the sgubstrate during the perlod of

incubgtlion. 4Any influences from unknown sources are reduced
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to a minimum by repeated washings of the rumen microorganisms.
However, unnecessary repeated manipulations of them in the
laboratory would decresse thelr activity.

The data in Table 6 ehow that the reduction in cellulose
digestion due to a second or even a third washing of the
rumen microorgenisms was relatively smell when a solution
adequate in minerals wae used, However, the effect of
thrice washing as compared to only one was to decreuse

cellulose digestion markedly when the nutrient solution was

Teble 6. The influence of washing rumen microorganisme upon
celluloge digestlon in wvitro

Reduced mineral solution® Adequate minerasl solutionP

Cellulose digested Cellulose digested

am, % gm. £
Waehed once 0, 0404 h2.6 0.0658 69.5
Waghed twlce 0,0286 30,7 0,0613 62.4
Washed thrice 0.0155 15.8 0,0534 5.6

&7he concentrations of chemicals, except those of phosph:te
and urea were reduced to one-~tenth of those ghown in Table 1l.

bThe concentrationes of minersls are glven in Table 1.
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inadequate in regerds to minerale. Apparently, thls washing
procedure 1lg very effective in removing minerals required

by bacterlia from rumen ligquid. Thus, the bacteria are very
sensitive to the concentration of minerale supplied in the
besal medium. It appears that this washed suspension tech-
nigue would be very sultable for the in vitro study of
minersl reguiremente of rumen microorganisms.

The use of washed suspensions of rumen microorganlsms
in the study of their metabollic activity has furnished much
valuable informatian regerding the reduction of nitrate to
nitrite and ammonis (46), the mechanism of the decarboxyla-
tion of sucecinic acid (41), the fermentation of glucoee and
celloblose (64), and the catsbolic reactions of various
compounds (25)., The technique herein described appears to
be suiltable for the study of various factors influencing
cellulose digestion as well as the condltions necessary for
maximum utilization of cellulose by rumen microorcaniems.
While in vitro studles may not yleld resulte which are
directly applicable to 1n vivo conditlons, 1t 1ls, neverthe-
less ressonsble to suggest that such may be the necesgary
condlitlons thet are llkely to meet the needs of cellulolytilc

miercorganisme in the rumen of live animals.



b2

Summery

The technique finally adspted in this study conslsted
of separating the rumen microorganisms from rumen liguid
by a process of differential centrifugation, The bacterial
cells were washed twlce before being used to inoculate s
chemically defined nutrient solution containing cellulose,
When washed rumen microorganisme were suspended in 20
milliliters of & minersl-nutrient solution containing 0.5
per cent cellulose, approximately 60 per cent of the cellu-
lose was digested during an incubsatlion period of 24 houre.

The optimum pH range for cellulose digestion by washed
rumen microorganisme wae found to be 6.8-7.2. Maximum
cellulose digestion was obtained when the concentration of
cellulose in the medium dild not exceed 0.5 per cent. The
concentration Qf rumen microorganisme as well &s the length
of the incubsetion period to use was determined, Thie tech-
nlque appears to be very sensitive for the in vitro study
of factore influencing cellulose digeetlon by rumen

microorganiens.
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The Effects of Some Minersle and Nitrogen upon Cellulose

Digestion by Rumen Microorganisms in vitro

Minerals have been shown to influence the sctivity of
rumen microorganisms meterially both in vitro and 1n the
llve animel. In splte of numerous investigations and ob-
s=rvatione that have been reported on this sublect, gquanti-
tative minersl requirements for rumen microorgenisms are
stlll quite obscure.

Burroughs et s8l. (13, 18, 20, 19) studied the effects
of minerale upon roughage digestion by rumen microorganisms
in the artificial rumen. They found that cellulose digestion
was favored by the addition of & mineral mixture to the
fermentation fleske. Iron and phosphorus were found to be
very important. Theee workers reported that rumen micro-
organlsme require sodium, potaseium, calcium, magnesium,
sulfur, and chlorine in sdditlion to phosphorus and iron.
However, & quantitative requirement for these minerals was
not determined.

The emount of iron needed by rumen bacteria for growth
in vitro wae determined by McNaught et al, (50) When the
chelating sgent, X X ~dipyridyl, was added to the medium,
becterial orowth was inhibited, The inhibition was reversed

by the sddition of iron. In this way it was found that
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rumen becterla need about two parte per million of ferrous
iron for growth in vitro.

The preparation of an adequate synthetic medium neces-
g ltated the determination of the quantitative requlrements
of waehed rumen bacteris for minersls as well as for the
other chemically known reguired nutrilents such as nitrogen,
This was importasnt since the use of & chemlcally defined
basal medium would help rule out any poesible influences
of such nutriente in the verlous sources of the unldentiflied
fectore, It was the nurpose of this study to determine
the optimum range in the amounte of minerale and nitrogen
that would permit the meximum amount of cellulose digestion

by washed rumen microorganisms.

Meterlale and methods

The washed suspensgion technique ag described in the
previous sectlion wae used in these studies. Rumen micro-
organisme were obtained from a fletulated steer, separated
from the rumen llguld, and washed twice before belng added
to the basal medium. The composition of the basal medium
is shown in Table 1 of the previous section. This mlneral
and nitrogen mixture has been shown to support rapid cellu-

lose digestion by rumen microorganisms lncubated at 39°
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Centlgrade for 24 hours. Each 20-milliliter aliguot of the
basal medlum was inoculated with washed rumen microorganisms
obteined from 40 milliliters of streined rumen ligquid.

To study the requirements of different minerals, a
medium free from one particular minersl waes prepared. In
the case of sodium-free medium, the sodium chlorlde normally
preeent wee omitted while other sodium salte 1in the medium
were replaced by potassium galts, Similserly, to study the
gulfur reguirement all the sulfate galte in the medium were
replaced by chlorldes, Variour levels of the mineral
omitted from the bagel medlum were asdded to the fermenta-
tion tubes snd the per cent cellulose digested in the
different groupe over & 20 to 24 hour incubstion period
was determined. The nitrogen requirement of rumen micro-
organisme was studled in a similar way.

Relative sctivity valuee wer- calculated for esch group
of sn experiment in addition to cellulose digestlon coeffi-
clente., Thepe values were obtsained by erbitrarily assigning
g value of 100 to the mesn cellulose dlgestlion coefficlent
of the control grous (tubes without an added smount of the
element being studied). The coeffliclients for the treatment
groupe vere adjusted proportionally to their respective

control.
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All groups in every experiment were triplicated, and
the least significant mean difference (L.S.D.) at the five
per cent level of probabllity was determined for each
experiment. Cellulose digestion coefficlente for the

individuel tubes were used for the statistlcel analysis.

Results and discussion

The reeults in Table 7 show that many minerals as well
ae nitrogen are essentlal for high cellulolytic activity
by rumen microorganisms. Sodium, votassium, and sulfur
sprear to be extremely important as indlceted by the low
celluloee digestion coefflicients which resulted when these
nutrients were omitted from the basal medium, Additions
of phosphorus, magnesium, manganege, or iron resulted in
increszsee in cellulose digestion which were highly signifi-
cant, Added amounte of cslclum, coprer, zinc, or cobalt
did not increasse cellulose digestion by washed rumen micro-
organiems., The lack of response from cobalt 1le comewhat
puzzling in view of the role of rumen microorganisms in the
synthesle of vitamin By,. FHowever, these results sppear to
be correct since ten addlitional experimente falled to show
a beneficiasl effect from adding cobelt to & basal medium

lecking an added source of this mineral.



Table 7. The influence of minersle and nitrocen upon cellulose dlgestion by
rumen microorgenisms in vitro

Experiment Element Form added Amount added Cellulose Relative L.S.D.2

number D.pP.Mm, digested activity
1 Phosphorus NapHPO4 and 0 47.8 100
KH POy 10 51.4 108
50 54,8 115
100 55.9 117
200 54,1 113 5.69
2 Sodium NaCl 0 8.0 100
1.5 13.4 168
75 13.5 169
750 37.0 463
1500 36.0 450 3.68
3 Potessium  KC1 0 13.5 100
2 22.3 165
10 b7.5 352
20 50.8 376
100 64.5 478
200 65.8 487
1000 58.2 431
2000 58.7 L3s 8.28

&p = 0,05.

ihy



Table 7. (Continued)

Experiment Element Form edded Amount added Cellulose Relative L.S.D.2

number PaDe e digested activity %
L Sulfur Na 50 0 32.5 100
0.07 37.1 114
0.14 33.2 102
0.7 33.4 103
1.4 34,2 105
7 49,0 151
14 55.0 169
70 52.5 162 10.62
5 Calclum CaCl, 0 85.1 100
1 84,7 100
3 85.6 101
7 84.3 99
10 86.8 102
28 85.7 101
70 86.1 101
140 86.0 101 -—
6 Hagneelum  MgSQy 0 35.5 100
2 L2.6 120
10 47.1 133
20 51.2 an
30 2.5 148

Lo 52.5 148 3.97

Bt



Table 7. {Continued)

Experiment Element Form added  Amcunt added Cellulose Relstive L.S.D.2

number DeDs M, digested activity
? Menganese  MnSOy 0 b7.0 100
0.01 45,9 98
0.07 55.9 119
0.3 54,5 116
8 50.1 107
15 48.3 103
30 50.4 - 107 - 3.16
8 Copper CuSQy* 5H,0 0 s4.8 100
0.3 59.4 108
0.8 56,2 103
1 50,8 93
2 46,0 84
5 15.3 28 14,50
9 Iron FeS0y,7H,0 0 61.4 100
0.15 64.7 105
3 68.3 111
5 67.8 110
6 69.3 113
8 69.2 113 3.36

&



Table 7. (Continued)

Experiment Element Form added Amount added Cellulose Relative L.S,D.8
number TsD.MR. éig@gted. activity

10 Cobalt Coll, 0 38.7 100
0.0005 39.5 162
0,005 Lho.s 105
0.058 38.5 39
0.5 38.1 38

5 22.2 57 6.13
11 Zinc Zn80y, 0 54,1 100
‘ 0.001 5,2 100
c.008 51.8 96
0.2 52.2 96
z2 50.0 92
8 Lg.s 91

16 3.8 7 6.25
12 Nitrogen Urea 0 53.3 100
117 69.9 131
234 71.7 135
Leg 72.3 136
702 58.6 110
1170 41.0 77

1404 15.3 29 7.90

0%
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The lack of a stimulatory response from these minerals
does not necegearily mean that they are not required by
rumen miceroorgenisme, The technigue uged may not have been
eritical enough to reduce their concentration in the weshed
bacterial suspension to & polnt thet would adversely affect
cellulose digestion. It hae been shown (50) that some of
t heee minerals are concentrated within the bacterial cell,
thus, some means other than washing would have to be used
to eliminate this source of the mineral., Furthermore, 1t
18 poesible that the requirement for some of these minerals
wa8 80 emall that the minute amounts present ag impuritles
in other reasgent grade chemicals used in the medium might
have furnished sufficlent amounte for the rumen micro-
organisms,

It 1g apparent from these resulte th:t washed suspen-
slong of rumen microorganisme can tolerate a wide range of
mineral and nitrogen concentrations., However, very high
leveles of zinc, cobslt, and copper were toxic to rumen
bacteria., Toxic levele of other minersls have not been
determined, The range in the amounts of minerals and
nitrogen required and the level st which cellulose diges-
tion wae inhiblted by some elements are shown in Table 8.

It 1g interestling to note that on the parte per milllion

bagle the requirement for sgulfur ranged from 7 to 70 and
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Table 8., ¥Mineral and nitrogen requiremente of wasghed
rumeén microorganiems

Element Optimum reange Toxic level

DeDe M DePollle
Phosphorue 50-200 - o
Bodiunm 750-1500 ———
Potassium 10-2000 -——
Iron 1-8 r—
M&gﬂssium 20 ——
Manganege 0.07-8 -
Copper —— 5
Cobalt - 5
Zine Jp— 16
Sulfur 7-70 -
Nitrogen 117-702 1170

that of nitrogen from 117 to 702, The rstio of sulfur to
nitrogen regulred by the wasshed rumen microorganlisesms as
determined in these studles ranged between 1:10 to 1:17.
Since moet proteins have a ratio of sulfur to nitrogen of
1:15, which falle in the range of 1:10 to 1:17, it would

suggeet thst synthesgls of microbial protein was occurring,
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and that the Increase in celluloge digestion wae due to an

incressed number of bacteris.

Summary

The mineral and nitrogen requlrements of rumen micro-
orgenisms for optimum cellulose digestion were determined
by using the weshed suspension technique. Among the 11l
minerael elements tested, calclum, zinc, copper, and cobalt
did not appear to be needed by cellulolytic rumen bacteria
under the conditlions of these experiments, Levels of 85,
5, and 18 parte per million of cobelt, copner, and zine,
respectively, inhiblted cellulose dlgeetion. The optimum
ratio between sulfur and nitrogen regulred by rumen micro-

organigme wae found to be in the range of 1:10 to 1:17.

The Effecte of B-Vitamins and Certszin Cerbohydrates upon

Celluloee Digeetion by Rumen Microorganisms in vitro

Numerous investigators have reported the presence of
unidentifled factore in certain feedstuffe and other
materials whlch enhance rumen microblal activity in vitro
{18, 19, 39, 26; 37, 62, 51, 5). Yeast extract wes found

to be one of the best sources of these factore by Ruf et
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al. (62) eand Bentley gt 8l, (5). The stimulatory effect
of yeast extract upon cellulose dlgestion has been confirmed
by Hall et al. (32) ueing & washed suspenclon of rumen
microorganisms,

£ince yeast extract 1s one of the best sources of the

B-vitamine (excluding Byp), 1t is possible that a particular

factors in yeast extract. One objJective of this study was
to determine some of the effects of the B-vitamins upon
cellulose digestion by rumen mlcroorganlsms.

In addition to B-vitamine, many of the materials whioch
exhiblit cellulolytic stimulatory sctivity have a high con-
tent of free sugzers or compounds which yleld sugere upon
hydrolysise. Therefore, a second objective of this study
wag to determine to what extent these unlidentiflied cellu-
lolytic factore could be explained by compounds which

gupply readily avallable energy to rumen bacteria.

Materlals and methods

Rumen mlcroorganisms used in these studles were
obtained from s 1l400-pound fistulsted Shorthorn steer
recelving a ration coneieting of corn, soybean oll meal,

and poor quality hay. The steer was fed twice daily.
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Rumen contente were removed elther before the morning
feeding at a-proximetely eight o'clock or around one o'clock
in the afternoon, The waeshed suspension technique as pre-
viously described wee used in these studles.

A new bassl medlum wee formulated on the basie of the
informatlion obtained from the experiments in which the
mineral and nitrogen regulirements were studied., This new
basel medium (ses Table 9) was used in these experiments,
This medium suppllied the mlicroorganiems with milnerale and
nitrogen in amounts which fell within the optimum requilred
range ag determined in the previous experiments, Bmall
ampounts of copper and zinc were included although theee
elemente did not benefleially influence cellulose digestion
in the precedlng experiments.

All the B-vitamine ueed were cryetelline producte,
and each of them was added to fermentation tubes at levels
ranging from 0 to 100 micrograme, Generally, only one
vitamin was studled in any one experiment, Cellulose
digestion in tubes containing a B-vitamin was compsred to
that in negative control tubes (tubees without an added
amount of the vitamin). A positive control group {tubes
containing 50 milligraems of yeast extract) was included in
moet of the experiments, After gll the B-vitamins were

tested individually, verious combinations were tried.
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Table 9. Composition of basal medium
Constituent Amount
gm./2 liters

Cellulose® 12.00
Urea 2.00
NaoHPOy » Ho0 1.20
KH,POy, 0.60
NaHCO4 3. 50
KC1 0.75
NaCl 0.75

Mg B0y, 0.15
FeS0y,+ 7H0 0,075
0u$04.5ﬁzo 0,002
CoCl, 0.002
Mns0y 0.0004
Zn30y,+ 7H,0 0.00008

8801ka~f100~~Brown Company, Berlin, New Hampshire.
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The influence of certain cafbohydrates upon cellulose
digeetion in vitro was determined in & manner similar to
that described for the B-vitamins., All sugsars used were
chemically pure compounde, and levels ranging from 0 to 10
milligrams were tested., Combinations of these sugsre were
not tried, however,

Each experiment was terminated at the end of a 20 to
24 hour incubetlon peried, and cellulose digestion coefflil-
cients ae well ag relative activity velues were calculated
for each experimentel group. The standard devlation of
the indivlidusl observotions was calculated for eaech ex-

periment or for & group of related experimente.

Reegults and discuseion

In Table 10 are recorded the cellulolytic responses
obtained from the B-vitamins when they were added lndividu-
ally to the f2rmentation tubee. It wlll be noted thst
additlon of elither vitamin Bjp, pseudovitamin By,, blotin,
pyridoxine, folic acid, or pesrs-amincbenzolce acid resulted
in a considerable incresse in cellulose dlgestion by rumen
micrcorganisms., Riboflavin sppeared to have some cellu-
lolytlice activity although 1t wag not as active as some of

the other B-vitamins. The effective levels ranged from



Table 10. The influence of B-vitamlins upon cellulose digestlion by rumen
microorganiems 1in vitro

Experiment B-vitanin Amount sdded Celluloee Relative 5td.
number per tube digested sctivity dev,
meg. % 4
1l 0 62.9 100
P12 1l 68.3 109
5 73.9 124 ‘
10 71.9 116 1.54
2 Fseudo s 0 29.3 100
P12 1 33.6 107
5 37.5 119
10 35.6 113
25 39.6 126
50 h1.6 132
100 4o,0 127 1.97
3 Biotin 0 39 .4 100
0.1 48.6 123
1 hg8.1 122
190 48.8 124 2.15
4 Folle scid 0 20.3 100
1 24,5 121
10 27.6 136
100 2.8 142

8%



Table 10, (Continued)

Experiment B-vitamin Amount added Cellulose Relative Sta.
number per tube digested activity dev.
meg. % 4
Pyrldoxine 0 20.73 1060
10 b, 2 119
100 9.5 145 2.49
5 pars-amino- 0 b6, 2 100
benzoic acid 1 50.5 109
10 53.2 115
100 56.3 122 2.75
6 Riboflavin 0 L7.7 100
0.1 52.3 110
1 5C.0 105
100 52.8 11 2.21
7 Nicotinic 0 L 4 100
acid 1 40,5 91
10 Lsg 3 102
100 hiy 9 101 1.80

65



Table 10. (Continued)
Experiment B-vitamin Amount added Cellulose Relative sta.
number per tube digested actlivity dev,
meg. % %
8 Pantothenic 0 59,1 160
acid 1 58.4 99
19 60.2 102
100 59.7 101 1.73
9 Inoeitol 0 60.3 100
1 6h.2 1¢8
10 58.0 96
100 58. 97 2.44
10 Thiamine 0 21.4 100
1 20.6 96
10 21. 99
100 21.0 98 2.40
11 Choline 0 hz g 100
chloride 1 hiy, 5 7
10 b3.7 95
100 40,3 88 2.65

09
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0.1 to 100 microgramg rer 20 millliliters of washed sguspenslon
of rumen microorganiems. Folic acld, pyrldoxine, ners-
aminobenzolc acid, and pseudovitamin By, were most active

&t levels of 50 or 100 micrograms per tube, whlle blotin

and vitamin Bjz were moet active gt levels of 1 and 5 micro-
grame, respectively.

Additlons of nicotinic eacld, pantothenic acld, inositol,
thiamine, and choline chloride did not significantly increase
cellulose digestlion in these experlimente. These data 1ndi-
cate thet eilther warhed cellulolytic rumen bacteria can
synthesize sufflclient guantities of these B-vitamins to
meet thelr needs under the conditions of these experiments,
or that these vitamine were not required for cellulose
digestion,

A comblin:tion of vitamin By, and blotin was found to
stimulate microblsl cellulose digestlion more than did eilther
of these vlitamine alone. This synergistic effect of vitamin
By o and blotin 1s shown in Table 11, It 1s further shown
in Table 11 thsat yeast extract was more stimulatory to
cellulose digestion than the combination of blotin and
vitamin By». However, the addition of theese two vitamins
and yeast extract to the fermentatlon tubeg dld not result
in any more cellulose dlgestion than wse obtained when

yeast extract was added alone, This would indicate that



Table 11. The influence of blotin, vitamin By,, and yeast extract upon cellulose
digestion by rumen microorganisms 1in ¥itro

Experiment Treatment per tube Cellulose Reletive 8t4.
number dligested activity dev,
% %
1 None 51.0 100
5 meg. vitemin By 58.5 115
1 mecg. blotin , 58.0 112
S meg. vitamin Bjp + 1 meg. bilotin 64,8 127 1.08
2 None 55.0 100
5 meg. vitemin By + 1 meg. blotin 68.0 124
50 mgz, yeast extrsct (Difco) 81.6 148
50 mg. yeaet extract + 5 meg. 81.4 148 2.11
vitamin Bj2z + 1 mcg. bilotin
- None 43,6 100
5 meg. vitemin Bys, + 1 mcg. blotin 56.48 129
None L 100
50 mg. yeest extract (Difco) 65.7P 145 -—=

8average of 24 experiments,

bAverage of 34 experiments.

29
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yeast extract contelne cellulolytic factore in sddition to
the B-vitamins. Since yeast extrect and the combination
of vitamin By and blotin were often used as positive
controls, & large number of experiments were conducted in
which the effects of theee materlals were obeerved. The
combination of vitamin By, and biotin incressed cellulose
digestion by 29 per cent as determined by 24 different
experiments, while yeast extract resulted 1n an aversge
incresse of 45 per cent in 34 different experiments (Table
11).

Additions of other B-vitaminsg to the combination of
vitamin Bj2 end bilotin did not result in any sdditionsal
Increases in cellulose digestion. Various levels of each
of the B-vitamine shown in Table 12 were tested, but only
the particulsr levele which resulted in the greatest amount
of cellulose digested are recorded. It is poseible that
in the presence of vitamin By, and biotin, the microorgan-
isme were able to synthesize other B-vitamins in sufficlent
guantities to supply their needs,

Many a&dditionsl experiments were conducted in an
effort to determine if other groups of B-vitamine were more
active than vitamin By, and blotin. Some of these B-vitamin
combinatione and the level at which they were found to be

mogt effective are recorded in Table 13. The combination



Table 12, The influence of adding certein B-vitamine to the combination of
vitamin Byj2 and blotin upon cellulose digeetion by rumen microorganisms

in vitro
Experiment B-vitamin addition per tube Cellulose Relative
number digested activity
»
1 None® 65.40 100
10 mecg. folic scid 62.8 96
100 meg. pyridoxine 60.4 92
2 Hone 69.2 100
1 meg. inositel 70.1 101
3 None 65.4 100
0.1 meg. riboflavin 63.5 97
L None 66.4 100
100 mcg., paras-sminobenzolc acid 62.6 94
5 None 52.6 100
1 meg. each of By, choline, nlacin, 51.5 98
folle acid, BS' and pantothenic scid
6 None hz.2 100
10 meg. pyridoxine 4+ 100 meg. vara- 36.8 87
eninobenzole acid
7 None 5 4 100
50 mcg. pseudovitamin Bj, 53.8 39

®Basal medium contained 5 meg. vitamin By, and 1 meg. biotin per 20 ml.
Pstandard deviation of the individual observations = 2.42%.

419



Table 13.

The influence of eome additional combinations of B-vitamins upon cellu-
lose digestion by rumen microorganismes in vitro

Experiment B-vitamin addition per tube Cellulose Relstive £td.
number digested activity dev,
%
1 None bi,0 100
50 meg. pseudo 812-+ 5 meg. Bo 53.6 122
50 meg. pseudo By, + 1 meg. biotin 53.5 122
5 meg. Byo + 1 meg. bilotin sh b 124 1.73
2 None 53.6 100
5 mcg. Bys + 1 mecg. choline 64.0 119
5 meg. Byp 4+ 100 meg. folic acld 65.6 122
5 meg. By + 1 meg. bilotin 66.7 124 1.42

$9



Table 13. (Continued)
Experiment B-vitamin addition per tube Cellulose Relstive 8td.
number digested activity dev,
% 74

3 MNone 2.8 100

1 meg. bilotin + 1 meg. nlacin 50.4 118

1 mcg. blotin + 10 meg. thiamine 5C.9 119
5 meg. Byp + 1 meg. biotin 81.0 143 3.65

4 None 51.2 100

100 meg, pyridoxine + 1 meg. Byp 58.0 113
5 meg, Biz + 1 meg. blotin 57.9 113 3.67

5 None 83.0 100

100 meg. pars-asminobenzole acid 72.8 116

+ 1 meg. pyridoxine

5 meg. By, + 1 meg. blotin 76.8 122 2.40

99
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of vitamin 312 and biotin esppeared to be equally ae ective
&8 any other combination of vitamine tested, The more active
combinetions usually contained vitamin Bj2 or blotin,

In Table 14 are summarized the resultes of adding
certzin cserbohydretes to the fermentatlon tubes., Some
resadily avellable energy was needed by cellulolytic rumen
bacteria as indliceted by these results. ©Small smounte of
xyloge, arabinose, ribose, rhamnose, sorbose, and maltose
produced significant increases in cellulose dlgestion,

High levels of many of these sugars depressed cellulose
digestion, The 10-milligram level of mannoee was particu-
larly depreseing. The inhibltion of cellulose digestion

by these compounde at high levele was probably due to thelr
preferential uee by the bscterlia as a source of energy.
8mall amounts of carbohydrates such ae dextrose, lactose,
levuloege, dextrin, and starch had 1little influence upon
cellulose digestion under ths condltions of these experi-

mentsa,

Summary

The washed suspenglon technique was usged to study the
influence of B-vitaming end certaln carbohydrates upon

cellulose dlgeetion in vitro. Several B-vitamine were



Table 14, The influence of certain csrbohydrates upon cellulose digestion by
rumen microorganisme in vitro

Experiment Carbohydrate Amount added Cellulose Relative etd..
number per tube digested activity dev.
Bg.
1 d{ + )-Xylose none 58.0 100
0.1 56.8 98
0.5 88.4 118
1.0 64.6 111
10,0 52.3 90
d( + )~Arebinose none 58.0 100
0.1 65.8 113
0.5 64,0 110
1.0 64,8 112
10.0 52,1 90 2. 28
2 d{ + )-Ribose none 53.3 100
1.0 55.2 104
5.0 60.5 114
1.0 60.5 114
1(-)~-Rhemnose-+ HoO none 53.3 100
1.0 55.3 104
5.0 58.7 110
10,0 80.8 114 2. 54

89



Table 14. (Continued)

Experiment Carbohydrate Amount added Cellulose Relstive s5td.
number per tube digested activity dev.
ng. 4 %
3 d{ + )-¥annose none 29.9 100
1.0 27.8 93
5.0 28.3 95
10.0 19.4 65 2.21
1-Borbose none 29.9 160
1.0 34.8 116
5.0 34.6 118
10.0 35.8 120 2.21 -
i da( + )-Dextrose none 59.4 100
0.1 58.3 98
0.5 61.0 103
1.0 57.9 97 1.45
5 d{-)-Levulose none 50.73 100
1.0 Le.,7 93
5.0 48.8 97
10.0 Lsg, 5 90 2.60
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Table 14, (Continued)

Experiment Carbohydrate ismount added Cellulose Relative Sta.
number per tube digested activity dev,
mg. %
6 al + )-Maltose none 59.2 100
5.0 65.1 110
10.0 64.7 109 2.27
7 Lactose none 6l.4 100
1.0 59.3 97
5.0 60.5 99
10,0 58.2 95 2.73
8 Dextrin none 56.0 100
1.0 5&’58 98
5.0 51.3 92
10.0 50.2 90
Starch none 56.0 100
1.0 55.0 98
5.0 56.6 101
10.0 53.4 95 2.06

0d
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found to enhance cellulose digestion when added individually
to the fermentation tubes. These were:!: pseudovitamin By,,
biotin, folic acld, pyridoxine, para-aminobenzolic acid, and
rivoflavin, A combination of vitamin By, and blotln stimu-
lated microbiel cellulose digestion more than either of these
vitamine slone. In 24 experiments vitamin By, and blotin
Increased cellulose digestion an average of 29 per cent.

Thies combination of vitaminge was equally as active as &any
other combination of vitamine studied.

No single vitamin or combination of E~v1tam1ns was
found which increased mlerobial cellulose digestion to the
same extent as dld yeszst extract. A yeast extract addition
of 50 milligrams per tube resulted in an average increase
in celluloee digestion of 45 per cent as determined in 34
different experimente. This substance apparently contains
cellulolytic factors in eddition to the B-vitamins,

Various sugars were found to stimulate celluloee diges-
tion by rumen mlcroorgenisme to a small degree. High leveles

of some of these compounds depressed cellulose digestion.
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The Effects of Fractions of Yeast Extract and Other
Yeaet Products upon Cellulose Digestion by

Rumen Mleroorganiems in vitro

The use of spent sulfite liguor for the production of
Torula utilis, a wood yeast, has created a large potential
feed supplement for ruminants as well as livestock in
general, In view of the finding that yeast extract 1s a
good source of unidentified stimulatory factors for rumen
bacterla, it appeared thst the presence of such factors in
other types of yeast was worthy of investigation. The
development of s toruls yeaet product which containe a high
concentration of thesge factors would be especlslly important
gince sufflclent quantities of such a product could poeslibly
be produced for immediate incorporation into ruminant rsations.

In thie phese of the study & large number of torula
and Beccharomyces yeast products were screened in en effort
to find an economlical . source of these microblal stimulatory
factors which could be produced in large gquantities. A
limited number of fractionation gtudlies were undertsken to
determine some of the properties of the unildentifled factors

in yeast extract,
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Materiale and methode

A Difco yeast extract product was used in the fractiona-~
tion studies. This product consiste of the water soluble
fractione of yeast cells &nd wee found to contain a high
concentration of the unidentified stimulatory factors. Flve-
hundred milliliters of & 10 per cent water solution of yeast
extract were treated with 1000 milliliters of methanol 1in
order to nrecipltate the methanol-ineoluble protein fraction.
A large quantity of protein materlal wae precipitated by
thie procedure and was removed by decentation and flltra-
tion, Methanol was removed from the filtrate by evapora-
tion over a steam plate. Samples of the resulting sclution
were saved for aegay.

The pH of 400 milliliters of the methanol-treated yeast
extract solution was adjusted to 5.0 with hydrochloric acid.
Thie scidified golution was added to 10 zrame of Norite A,
heated to 80° Centlgrede, and agltated for 10 minutes.

Norite A wae separated from the liquld by filtreation and
saved, The flltrate was trested as above for four additlonal
timee and eech of the 1l0-gram Norite A fractions ssved, All
of the used Norite A wae placed in & besker and mixed
thoroughly with 400 milliliters of 70 per cent ethanol., The
pH wae adjusted to 7.0 with sodium hydroxide. After sbout
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10 minutes, the mixture was filtered end the Norite A
residue treated again with 400 milliliters of 70 per cent
ethanol. The two ethanol fractions were combined and the
alcohol wase removed by evaporation over & steam plate,
After removing the alcohol, distilled water was sdded to
adjust the volume to 400 milliliters.

To determine 1f the unidentifled factors In yeast ex-
tract were diaslyzable, 100 milliiliters of a 5 per cent
yeast extract water solution were plsced in a semi-permeable
cellophane bag and immersed into 800 milliliters of dietilled
water., After refrigeration for 48 hours, the wate: wae
removed and the volume reduced to 100 millilitere by heating
over a steam plate. Both the reesidue (solution remaining
inside the cellophane bag) and the dlalyzate were tested.

A number of torule end Baccharomyces yeast producte were
supplied by the Red Star Yeast snd Produets Company of Mil-
waukee, Wisconein, and assayed for rumen microblisl stimu-
latory factore. The firet of these were sgseparastor and press
yeset ligquore, In order to describe these samples adequately
1t is necessary to relate very briefly some of the processes
involved in yeast production.

After a yeast fermentation has been completed, the
contents are removed from the fermenter and passed through

e serles of geparstors for removal of a considerable amount
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of liguld, The effluent from the separstors is called
separator llguor and 1ls usgually discarded, Samples of
separator liquor from SBsccharomyces yeast production were
obtained and conecentrated to 23 psr cent dry matter by
Lsating over a bolling water bath.

The reglidual yeasst materiel in the gepsasrstors containe
about 14 to 17 per cent solids and ie termed a cream. The
yeaet ceream is further concentrated by expressing the liquid
from 1t by a serles of presses. Thils lliquid s the Press
yeast liguor used in these etudles, The press yeast liquor
samples contained 2.3 per cent sollds. Samples of both the
press and separstor yeast liquors were dried at 100°
Centligrade and the sollds redlssolved in water to determine
the effect of heating upon the stimulatory activity of these
producte. Prees liquor samples from Saccharomyces yeast
used to make compressed yeast as well as Trom etrains used
to make ictive Dry Yeast wers assayed.

In addition to yeast llquore, a variety of other yeas%t
products were assayed, These producte were prepsred as

follows:

3102 F.V.D. - Active Dry Yeast (4DY) press liquor
concentrated by freezing, then drum drled

under vacuun,



3109 B

3109 P

F-31

F-53

3090 L@

Sample No. 1

Sample No. 2

Sample No. 3

H

#

i

i

L

i
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Equal welght of Actlive Dry Yeast wet
caeke and water mixed, boiled for one~
half hour, csntrifugsd, supernste
brought to dryness.

Actlve Dry Yesast press wet cske trested
with 10 per cent of ite welght of sodlium
chioride, cenirifuged, and supernate
evaporated to dryness.

Bakers Yeast oream sutolyzed for 8
hours at 114° ¥., drun dried.

Actlve Dry Yeagt creem autolyzed as
above,

Aetive Dry Yesst with 5.7 per cent
moisture extracted with six volumes of
ice cold water for one and one-hsalf
hours, centrifugsd, supernate bolled

to drynees,

Active Dry Yeset ground to 20 mesh in

a Wiley mill.

Drum dried Active Dry Yeast cream,

Made by the addition of 10 psr cent
godium chloride (basged on wet welght of
yeast) to Active Dry Yesst creem, drum

dried,
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Sample No. # - Made in pilot plant by growing torula
yeast on molasses mash, harvested, drum
dried.

Sample No., § - Molasses torula prese cake plasmolyzed
with 10 per cent sodlum chloride,
centrifuged, supernate dried.

Sample No, 6 - Same as Sample No. § except that cells
and supernate were not sepsrated before
drying,

Sample No, 7 - Made in pilot plant by growing torula
yeast in concentrsied sulfite llguor,
harvested, drum dried.

Sample No. 8 - Bulfite toruls press cake plasmolyzed
with 10 per cent sodium chloride,
centrifuged, supernate dried.

Sample No, 9 - Same as Sample No. 8 except that cells
and supernate were not separated hefore

drying.

To determine whether the activity in plasmolyzed torula
yeast was coneistent from batech to bateh, a series of samples
were obtalned on different dstes and assayed, Three of
these gamples wer: produced on & pilot plant scale while

the fourth was produced on & commercisl or large scale
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besis, These products were 2ll prepared by adding 10 per
cent by welight of salt to torula yeast cream which had been
produced in a sulfite liguld medium, After one to two hours
the material was drum dried.

In this seriee of studles inoculum wss obtalned from
the same flstulated steer used in the previocus estudies.
However, to prevent the introduction of unldentified factors
to the tubes via the lnoculum, & ration low in these fsctors
wag fed. This ration congisted of 20 per cent corn, 70 per
cent corncobs, and 10 per cent supplement, The supplement
conslsted of soybean oll mesal, urea, steamed bone meal,
limestone, dried molagses, and vitamine A and D.

After removing the ecoarse feed partlicles and protozoa
from the rumen liquid with & small Servall angle centrifuge,
the bacteria were separsted by centrifuging in a Sharples
super-centrifuge at s speed of 25,000 r,p.m, The bacteria
and 50 milliliters of the ligquor dreining from the barrsl
of the centrifuge were suspended in 1000 mlllilitere of warm
distilled water saturated with cerbon dloxide gaes. The bac-
terlsl sugpensgion was paseed through the Sharples super-
centrifuge once more to sediment the bacteria., The resulting
sediment along with 10 milliiliters of the liquor dreining

from the barrel of the centrifuge were used for the inoculum,
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The basal mediu% uged in this series of studies 1is
shown in Teble 9, In addition to these constituents, vita-
min Byjz and biotin were added so that each 20-millilliter
allquot of washed bacterial suspension contained 5 micro-
grams of vitamin By, and 1 microgram of blotin., Xylose was
also added at a level of 0.5 milligram per 20 milliliters
of bscterlial suspension.

Cellulose dlgestion coefficlente, relatlive actlvlity
values, and the standard deviations were calculated in a
manner previously described. In some of these experiments

only two tubes were used per treatment rather than three.

Resulte and discussion

~

Removing the methanol-ingoluble protein fractlon did
not affect the stimulatory cellulolytic activity of yesst
extract as shown in Table 15. The methanol-treated yeast
extract woe Just as active as the untreated materisl,
S1ightly acidiflied yeagt extract which had been treated
with Norite A was not as active as untrested yeast extract
indicating that some of the sctivity wase adsorbed on Norite
A, Some activity was eluted from Norite A with 70 per cent

ethanol but thls fractlion waes not as active as the untreated



Table 15. The influence of fractione of yeast extract (Difeo) upon cellulose
digeetion by rumen microorganisme in vitro
Experiment Treatment per tube Cellulose Relatlive 5td.
nunber digested activity é.g;.
1 None h5.3 100
1.0 ml, methanol-treated yesst extract 77.0 170
golution
1.0 ml, Norite~treated yeast extrasct solution 61.6 136
1.0 ml. Norite eluate (70% ethanol) 66.9 148
1.0 ml. 5% yeast extract solution 76.5 169 1.99
2 None 57.0 100
0.5 ml., yeaet extract dislyzate® 71.5 125
0.5 ml. dislyzed yeaet extractD 65.6 115
1.0 ml. 5% yeast extract solution 79.3 139 0.87

8g61lution containing the masterlial which pasced through the semi-permeable

membrane,

bSolution remaining inside the cellophane bag.

08
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material, Theee resulte with Norite A perslleled thoge
reported in earlier studies (61, 51, 5).

It is further shown in Table 15 that an sactive freac-
tion was obtained by dialyzing a yeast extract eolution for
48 hours. However, conslderable sctivity remsined in the
residue, It 1s possible that a longer perliod of dialysis
and a larger volume of weter would have completely removed
the stimulatory factore in yeast extract, These results
indlcate that the active factore are relatively small mole-
cules since they passed through & semi-permeable barrier,

In Table 16 are recorded the results obtelned from

Saccharomyces yeast liquors., These results show that press

yeast liquor was extremely active in stimulating rumen
microblal cellulose digestion, Separator yeaet liguor
gtimulated cellulose digestion but not to the same extent
a8 press liguor, Additional work showed that drying prese
yeast liquor at 100° Centigrade and redissolving the solids
in water before testing did not deleterlously affect its
gtimulatory activity. A simllar treatment of the separstor
liquor resulted in & considersble loss in activity. For
this reason further work wilth thie product was discontinued,
Methenol-treated presgs yeast liquor wae equally es active
a8 untreated press liquor., DBoth samples resulted in 100

per cent lncresees 1in cellulose digestion over a 24-hour



Table 16. The influence of separstor and pressed yesst liquors upon cellulose

digestion by rumen microorgenieme in vitro

Experiment Treatment per tube Cellulose Relative 8Std.
number éigigted‘ sctivity dev.
1 None 13.4 100
0.5 ml, press yeast liguor 43.8 327
1.0 ml. prese yeast liquor 56.2 419
0.5 ml., separator yeast liquir 39.5 295
1.0 ml. separator yeast liguor 42,5 317 1.89
2 None 32.6 100
2.0 ml. press yeast liquor 51.2 157
2.0 ml, heated press yeast liquor 53.5 164
2,0 ml, heated separator yeast liquor 39.6 121 1.96
3 None 31.5 100
2.0 ml. oress yeszst lliquor 65.8 209
2.0 ml. methanol-treasted press yeast liquor 62.9 200 1.10
4 None Bl 4 100
1.0 ml, prese yeast liquor (1100 p)® 49 .6 120
2.0 ml. press yeast liguor (1100 P) 52.8 128
1.0 ml, press yeast liquor (3090)P 60.2 145
2.0 ml, 67.6 163 1.78

prese yeast liquor (3090)

&ppess liquor from yeast used to make compressed yeast,

bPress liquor from yeast used to make Active Dry Yeast.

c8
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incubatlon period. The type of yeast from which prees
liquor ie obtained was very important in regsrd to the
stimulatory activity exhiblted by preses liquor. Press
liguor from Baccharomyces yeast used to make compressed
yeast wag found to be much less active than prees liquor
from cultures used to make Active Dry Yeast.

Perhaps the most significant finding in the studies
sumnerized in Table 17 was that torula yeast products were
more active then the Saccharomyces yesst products. This
was particularly true when a concentrated sgulfite liquor
wae used as the nutrlent medium in which tc grow the torula
yeagt., Another important point demonstrated in these re-
sults 1s that the activity of these yeast producte wae
increased conslderably by plasmolyzing the yeast cream with
geodium chloride, Apperently this process resulted in the
concentration ef‘the active factors outslde of the yeast
cells meking the factore more accescible to cellulolytic
rumen bacteria,

Another good feature of the torule yeast plasmolyzate
ie demonatrated in the experiments reported in Table 18,
These resulte show that the activity of thle product was
conslstently present in different production batches, The
first three samples used in these experiments were produced

on & pilot plant scale while the fourth came from a



Table 17. The influenee of yeast products upon cellulose digesgtion by rumen micro-
organisms in viire

Experiment Treatment per tube Cellulose Relative Std,
number digested sctivity d%;.
1 None 52.5 100
20 mg. 3102 F.V.D, 6.1 122
40 mg. 3102 F.V.D. 67.4 128
20 mg. 3109-B 54.9 105
40 mg. 3109-B 56.5 108
20 mg. 3109-P 59.1 léa
40 mg. 3109-P 6L.9 1
20 mg. F-31 autolysate 49.6 94
40 mg. F-31 autolysate 33.8 64
20 mg. F-53 autolysate 51.2 98
b0 mg., F-53 autolysate 47.6 91
20 mg. 3090 L.S. 57.6 110
40 mg. 3090 L.S. 53.1 101 1.61

48



Table 17. (Continued)
Experiment Treatment per tube Cellulose Relative £td.
number digested sctivity dev.
% 4

2 None 31.5 100

25 mg. ADY 3161 (Sample No. 1) 33.4 106

50 mg. ADY 3161 {(Sample No. 1) 34, 110

25 mg. 4DY 3161 dried cream (Sample No. 2) 35.8 114

50 mg. ADY 3161 dried cream (Semple No. 2) 36.5 118

25 mg. plasmolyzed ADY 3181 cream (fSample No. 3) 39.5 125

50 mg. plaemolyzed ADY 3161 cream (Sample Ko. 3) 46.8 149

25 mg. molasses torula yeast (Sample No. 4) 33.8 107

50 mg. molasses torula yeast (Sample No. 4) 32.8 104

50 mg. plasmolyzed toruls yeast (Sample No. 5) 59.0 187

50 mg. plesmolyzed toruls yeast (Sample No. 6) 43,2 137

25 mg. sulfite toruls yeast (Semple No. 7) Ls,0 143

50 mg. sulfite torula yeast (Sampls No. 7) Lsg. L 140

50 mg. plesmolyzed toruls yeast (Semple No. 8) 60.5 192
50 mg. plasmolyzed toruls yeast (Sample No. 9) 55.5 176 2.43

$8



Table 18, The influence of plasmolyzed torula yeast cream upon cellulose
digestion by rumen microorganisme in vitro

Experiment Trecstment per tube Cellulose Reletive £té.,
number digigtea activity dev.

1 Kone 29.3 100
100 mg., plesmolyzed torula yeast cream 66.6 189 2.23

{Batch No. 1)

2 None s, 4 100
100 mg. plaemolyzed toruls yeast cream 64.9 143
{Batch No. 2)
100 mg. plasmolyzed torula yeast cream 68.7 151 1.72

(Batch Y¥o. 3)

3 Hone 32.6 100

5 mg., plasmolyzed toruls yeast cream 34,3 1058
(Batch No. &)
10 . plasmolyzed toruls yeast cream Lo.8 123
Batch No. &)
20 mg. plaemolyzed torula yesst cream 5.9 143
Batch No. &)
40 mg. plasmolyzed toruls yeast cream 54,0 186 2.92

Betch No. &)

o8
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commerclal production source. Each of these four samples

wag obtained from a separate fermentation.

Bummary

Frectionation studles of yeact extract showed that the
stinmulatory fectors were not assoclated with the methanol-
ineoluble protein fraction, Furthermore, some sctivity was
removed by tresting slightly ecldiflied yeast extract with
Norite &, A fractlion with some sctivity was eluted from
Norite A with 70 per cent ethenol. HNelther of the Norite
& frections waes a8 active as untreated yeast extract. The
finding thet the sctlive factors are diaslyzable indicated
that they sre relatively emall molecules.

Prege yeast liguor (ADY), a product which le normally
discarded by the yeast industry, was found to be an ex-
cellent source of the unldentified stimulatory factors.

The stimulatory factors in press yeast liguor were found
to be heat stable, and they were not ascsoclated with the
methanol-insoluble protein fraction.

Torula yeast grown in sulflte liquor wae more sctlive

in enhaneing cellulose digestion than either Saccharomyces

yeast or toruls yeset grown in & molasses mash.
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Plegmolyzing the torule yeaet cream wlth sodium
chloride incressed 1ts stimulatory vproperty materially.
This process spparently concentrated the sctive factors
outeglide the yeast cells.

The results of these experiments have led to the
development of a toruls yeast product which can be produced
on a commercial bagls. Thils product is made by adding 10
per cent s£alt to toruls yesst coresm. After a short period
of time (one to two hours) the entire contents are drum
drlied, The resulting product containe the active factors
formerly pregsent inslde the yeset celle ac well as those
in the press liguor. This product was found to be a very
good source of cellulolytic factore for rumen bacteria

in vitro.

The Effects of Partisl £¢ld Hydrolyzates of Certain
Protein Materiale upon Cellulose Digestion

by Rumen Microorganisms 1ln vitro

Numerous investigators have reported the unidentifled
rumen mlerobial stimulstory factors to be water soluble and
that they ocour most abundantly in materials rlch in either
protein or in non-protein nitrogen. £2ince the unidentified

factore appear to be closely linked with the protein
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molecule, attempte were made in thie phase of the study to
alter the structure of water insoluble protein meterlsls so
that these factors could be produced at will in the lsabora-
tory. It wes thought that such studles might aid in the
elucidation of the chemical identity of these factors,

Materials and methods

Vitamin~-free cssgeln, feather meal, hog halr, soybean
01l meal, & purified soybean protein (drackett protein),
and gelatin were partlally hydrolyzed with hydrochloric acid.
The feather meal was & special product obtained from the
Carroll Rendering Worke of Carroll, Iowa. Chicken feathers
conteining 10 per cent packing-house fat were pressure-
coocked for four houre, removed from the cooker, and ground.
This product contained about 80 per cent protein as
determined by the Kjeldshl method.

Generally, 2 grames of proteln material were added to
100 millilitere of = one normal or two normal hydrochloric
gecid solution, This mixture was autoclaved at 15 n.s.l,
for varying lengths of time (one to four hours was used
moet often), removed from the autoclave, and cooled. The

pH of the acidified hydrolyzates was adlusted to 6.5-6.8
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with 25 per cent sodium hydroxide. The inscluble materilal
wag removed by centrifugation and filtration.

The source of the inoculum, manner of processing the
bacteria, and the besal medium used were the same as those

degeribed in the preceeding section,

Regulte and discusgion

Untreated vitamin-free casein exhiblited little if any
stinulatory activity on cellulose digestlon by washed rumen
microorganiems (Table 19). Cellulolytic activity of the
bacterls wae depresceed when a level of 100 milligrams of
this substance was added to the fermentation tubeg. A
pertial acld hydrolyzate of thls same substance, on the
other hand, hed a pronounced stimulatory effect. Cellulose
digeetion was incressed 48 per cent when 10 milligrams of
the hydrolyzate were added to the fermentation tubes.

Thie hydrolyzate wae prepared by autoclaving a 2 per cent
caseln suspension in one normel hydrochloric acid for 1
hour. It is further shown in Table 19 that & commercial
e cld hydrolyzate of caseiln had very little cellulolytic
stimuletory activity. This le¢ particularly interesting
gince thie casein preparation was completely hydrolyzed.

The finding that untreated casein and completely hydrolyzed



Teble 19. The influence of caseln and scld hydreolyzates of casein upon cellulose

digestion by rumen microorganisms in vitro

Experiment Treastment per tube Cellulose Relative  Std.
number digested activity dev.
1 None 29.5 100
5 mg. vitamin-free casein 31.6 107
50 mg. vitamin-free cazeein 33,0 112
100 mg. vitamin-free cssein 23.7 80
5 mg., vitamin-fres casein hydrolyzsate 33.3 113
(1N HC1-1 hr.)
10 mg., vitamin-free caseln hydrolyzate 43.6 148 3.25
(1N HC1-1 hr.)
None 67.1 100
10 . commercial casein h{drolyzate 74,3 111
completely hydrolyzed
20 m%. commercial caseln hydrolyzate 72.5 108 1.99
completely hydrolyzed)
- None 32.8% 100
Casein hydrolyzate 49,90 152 ——

8aversge of 14 experiments.
b
experiments.

Average activity for optimum leveles of casein acld hydrolyzates from 14

16
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caeelin were precticelly insctive, wheress a partial hy-
drolyzate of casein was highly actlive, suggeste thsat the
gtimulatory factore in the partial hyérolyzate of casein
ere intermedlste breakdown producte of protein molecules,
The concentration of scid and time of hydrolyels both
had & marked effect upon the stimuletory sctivity of caseln
hydrolyzete as ehown in Figure 4, A 2-milligrem level was
uged in all these studles 8o the lincresees in cellulose
digestion were not as high ag might have occurred had a
higher level been uged, Using 100 ae the relative activity
value for celliulose digestion in the tubes containlng un-
trested casein, 1t will be noted that meximum activity was
obtelined after autoclaving ecid suspenclons of casein for
four to elx hours. Autoclaeving a 2 per cent cesein sus-
pension in two normel hydrochloric acid for 4 or 6 hours
resulted in much more activity than & eimllsr sample auto-
claved for the same length of time in one normsl hydrochlorie
acld, However, considerable activity was lost when cesein
in two normsl hydrochloric aeild was autoclaved for 12 hours.
In Taeble 20 are recorded the results obtained from
other protein hydrolyzates, The concentretion of acid ueed
and the length of time these materials were autoclaved are
given in parentheses after each treatment group. A 2 per

cent suspension wae used in every instance., These results
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Figure 4, The influence of acid concentratlon and time of
hydrolysie upon the cellulolytiec stimulatory
activity of casein hydrolyzate




Table 20, The influence of partial acid hydrolyzates of certaln proteln materials
upon cellulose digestlion by rumen microorganisme in vitro

Experiment Treatment per tube Cellulose Relative Std.
number digested activity dev.
% %
1 None 17.7 100
1 mg. feather meal hydrolyzate (2N HCl-4 hre.) 24.6 139
7 mg. feather meal hydrolyzate (2N HCl-4 hrs.) 38.8 219
1 mg. heir hydrolyzate (2N HCl-4 hre.) 22.5 127
7 mg. hair hydrolyzate (2N HCl-4 hrs,) 28.5 161
7 mg., casein hydrolyzate (2N HCl-4 hrs,) 31.4 177 3.53
2 None 51.8 100
1 mg. soybean oil mesl hydrolyzate (1N HC1-1 hr.)  57.3 111
7 mg. soybean oll meal hydrolyzate (1N HCl-1 hr.) 60.9 118
15 mg. soybean oll meal hycrolyzate (1N KHCi-1 hr.) 60.9 118
1 mg. drackett protein hydrolyzate (1N HCl-1 hr.) 58.6 113
7 mg., drackett protein hydrolyzate (1N HCl-1 hr.) 63.7 123
15 mg. drackett protein hydrolyzate (1N HCl1-1 hr.) 66.1 128

7 mg. casein hydrolyzate (1N HC1-1 hr.) 69.1 133 2.23

46



Table 20, (Continued)

Experiment Treatment per tube Cellulose Relstive Std.
nunber digeegted activity dev.
2 %
3 None 40,5 i00
2 mg. gelatin hydrolyzate (2N HC1-4 hre.) 46,3 114
10 mg. gelatin hydrolyzate (2N HC1-4 hre.) 55.7 138
15 mg. gelatin hydrolyzate (2N HCl-4 hrs.) 58.1 143
10 mg. feather meal hydrolyzate (2N HCl-4 hrs.) 65.8 165 4, 54
- None 32.5% 100
feether meal hydrolyzate 60,40 186 -

84sverage of 14 experiments.

bﬁverage activity for optimum levels of feather mesl hydrolyzate from 14
experiments,

§6
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show that feather meal hydrclyzate wsg an extremely potent
source of cellulolytic stimuletory factore for rumen micro-
organisms., The increase in celluloee digeetlon resulting
from feather meal hydrolyzate additliones in all the experi-
mente in which thls material wae used averaged 86 per cent.
In some experimente cellulose digestion wae more than
doubled by feather meal hydrolyzate. Halr and gelatin
hydrolyzates were gulte active but did not incresse cellu-
loee digesetion ae much ae feather mesl hydrolyzate., Acld
hydrolyzates of soybean o0ll meal and drackett protein were
only slightly active,

The resulte in Table 20 might indicate that the sulfur
amino acide ere constituents or are in some manner relsted
to the unidentified stimulatory fectors in these hydrolyzates.
Gelatin, which hae only 2 trace of the sulfur amino aclds,
wae inferlior to feather meal ag & source of these cellulo-~
lytic gtimulstory fectors, Feathere hsve an extremely
high content of cystine and an sppreclable amount of
methionine. Further work ls needed to clarify thie point.

The results in Table 21 show that untresated feather
meal wag only slightly sctive, whereae a partiesl secid
hydrolyzate of thle seme material stimulated cellulose
digestion equally ag much as dld autoclaved rumen liquid,

A comblnetlon of rumen liguld and feather meal hydrolyzate



Table 21. The influence of feather meal, festher mesl hydrolyzate, autoclaved rumen
liguid, and toruls yeast plaesmolyzate upon cellulose digestion by rumen
microorganlsme in vitro

Experiment Treatment per tube Cellulose Relatlve 8td,
number digested activity dev,
% %

1 None 24,7 100

1 mg. feather meal 28.2 114

5 mg. feather mesl 28.3 114

10 mg. fezther meal 25.5 103

1 mg. feather meal hydrolyzate (2N HCl-4 hre.) 4.5 140

5 mg. feather meal hydrolyzate (2N HCl-4 hrs.) 48.9 198
10 mg. feather mesl hydrolyzate (2N HCl-4 hrs.) 57.0 231 1.40

2 None 19.5 100

5 mg. feather mesl hydrolyzate 55.5 285

10 mg. feather meal hydrolyzate 63.4 325

15 mg. feather meal hydrolyzate 65.4 337

3 ml. autoclaved rumen liquor 56.9 292

5 ml. autoclaved rumen liguor 84,3 330

6 ml. sutoclaved rumen liquor 65.6 336

50 mg. torula yeast plasmolyzate ho. b 253

5 ml. sutoclsved rumen liquid + 10 mg. festher 74,0 379

meal hydrolyzate

50 mg. torula yeast nlasmolyzate + 10 mg. 724 371 1.23
feather meal hydrolyzate

L6
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stimulated microblial cellulose digestion in these experiments
more than did either of these materials slone, Similar re-
sults were obtained with a combination of feather nmesl
hydrolyzate and torulas yeset plasmolyzate, One possible
explanation for these results 1g that the sctive fuctors

in feather meal hydrolyzate mey differ from those in rumen
1lguld and torula yeast plasmolyzate.

Verious fractionation studiee ol feather mesl hydroly-
zate were msde in an attsmpt to find out more about the
nsture of the azctive factore in thies materisl, The results
of these studies are summarized in Teble 22, Drying feather
meal hydrolyzate by hesting to 100° Centilgrade 4id not
result in sny loss of activity so apperently the factors
are relatively stable to heat. Steam dletlllation of acidi-
fied feather meal hydrolyzete did not remove the factorse
indleating thet the wvolatlile fatty aclds are not involved,
Repeated extraction of scldified or slkaline feather meal
hydrolyzate with ether was not effective in removing en
active fraction, The extrescts did not show any activity
while the extracted hydrolyzate was Just as active aec the
untreated material,

An setive frection wasg obtained from feather nmesal
hydrolyzate by repeated extrection with 70 per cent ethanol.
This frection was obtained by adding 100 millilitere of 70



Table 22. The influence of fractions of festher mesl hydrolyzsate upon cellulose
digesticen by rumen microorganlems in vitro
Experiment Treatment per tube Cellulose  Relative Std.
number digigteé sctivity dev,
1 None k7.9 100
S5 mg. heated feather meal hydrolyzate 66.9 140
10 mg. heated feather mesl hydrolyzate 73.6 154
10 mg, feather meal hydrolyzate 73.9 154 1.65
2 None 27.0 100
C.5 ml. steam distillate of acidified 30.6 113
feather meal hydrolyzate
1,0 ml., steam dletillate of agcldified 27 .4 101
feather mezl hydrolyzate
0.5 ml, steam distilled feather meal L, 2 164
Q{érolyzate
1.0 . steam distilled feather meal 53.6 199
hydrolyzate
10 mo, feather mesl hydrolyzate 50.4 187 1.35

66



Table 22. (Continued)
Experiment Trestment per tube Cellulose Relative Std.
number digested activity dev.
%
3 None 61.9 100
0.5 ml. ether extract of scidified feather 57.8 93
meal hydrolyzate
1.0 ml. ether extract of acidified feather 60.6 98
meal hydrolyzsate
1.5 ml, ether extract of acidiflied feather 62.5 101
"meal hydrolyzate
0.5 ml. ether extracted feather mesl 79.9 129
hydrolyzate
1.0 ml. ether extracted feather meal 84,2 136
hydrolyzate
1.5 ml. ether extracted feather mesl 88.3 143
hydrolyzate
15 mg. feather meal hydrolyzate 86,7 140 2.82
12 None 37.2 100
0.5 ml, ether extract of alkaline feather 36.0 97
mesl hydrolyzsate
1.0 ml, ether extract of slkaline feather 35.1 9L
mesl hydrolyzate .
0.5 ml. ether extracted feather meal 53.7 144
hydrolyzate
1.0 ml. ether extracted feather meal 62.0 167

hydrolyzate

001



Table 22. (Continued)

Experiment Treatment per tube Cellulose Relative 5td.
number digifted activity dev,
0,5 ml. ethanol extract of feather mesal 55.8 150
hydrolyzate
1.0 ml. ethanol extract of feather mesl 62.1 167
hydrolyzate
1.0 ml. ethanol extracted feather meal 58.0 156
hydrolyzate
1.0 ml. ethanol precipltate 58.5 157 1,10
5 None Lly 7 100
0.5 ml. hydrolyzed feather meal dlalyzate 66.6 149
(1st 24 hrs.)
0.5 ml, hydrolyzed festher meal dislyzate 52.2 117
(z2nd 24 hre.)
0.5 ml, hycrolyzed festher mesal dialyzate ks, 5 102
(3ra 24 hre.)
0.5 ml. dlalyzed feather mesl hydrolyzate 4e.6 104
1.0 ml. dislyzed festher mesl hydrolyzate Ly .8 100

10 mg. feather mesl hydrolyzate 69.2 155 1.35

10T
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per cent ethanol to 100 milliliters of feather meal hy-
drolyzate., The mixture was agitated vigorously for about
10 minutes. The alcohol fraction was removed by adding 50
milliliters of ether to the mixture, The water layer was
removed from the alcohol-ether layer with the ald of a
separstory funnel., This extraction with ethanol was re-
peated untll no more colored meterial was obtelned. The
ethanol-ether fractlons were comblned and reduced to dryness
over a steam plate. The sollds were redissolved in 100
milliliters of dlstilled water and aessyed. As shown in
Teble 22 this frection 1lncreased cellulose digestion by

67 per cent, However, the extracted feather meal hydroly-
zate was aleo active Indiceting that the extraction wase

not successful in removing all the stimulatory factors,
When equal volumes of 70 per cent ethanol and feather mesl
hydrolyzate were mixed and allowed to stand for 24 hours a
precipitsete wee formed. Thls precipitate, when rediessolved
in distillled water and assayed, showed some stimulatory
activity.

In another phase of the fractionation studles &n
attempt wae made to remove the active factors by dlalyeils.
One-hundred milliliters of feather meal hydrolyzete were
placed in & semi~permesble cellophane bag and immeresed into

800 milliliters of distlilled water, After refrigeration
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for 24 hours the water was changed. Thile was repeated for
gix coneecutive 24-hour periods. Each of the water frac-
tions was reduced to 50 milliliters over a steam plate and
assayed, The hydrolyzate wss dielyzed agsinet running
water for three gdditional daye., The results from these
studies (Table 22) show that the factors were completely
removed by thls procedure indicating thaet the active factors
are relatively small molecules.,

Bentley et a1, (6) and Bryant and Doetsch (11) reported
that five and six carbon fatty aclds accounted for moset of
the rumen microbisal stimulstory factors in rumen liquid.

It was also reported thet certazin amino acide were sctive
since they could act as precursors for these volatile fatty
aclde. Consequently, these fatty aclds as well as a steam
dietillste of gcldified rumen liquld were agssyed to deter-
mine if these compounde were active under the condlitions

of these experimentse.

The resulte of these experiments (Table 23) show that
neither n-valeric sacld, n-caproic acid nor s mixture of
n-valeric and isovaleric acides enhanced microbial cellulose
dlgestion when tested over & wlde range of levels, Even
more significant waes the fallure to obtain a cellulolytiec
gtimuletory response from steam disgtillates of acidified

rumen liquld. These findings slong with the fractionation



Table 23. The influence of sgome volatile fatty acids and steam dlstillate of aclidi-
fied rumen liguid upon cellulose digestion by rumen microorganisme in

vitro®
Experiment Trezatment per tube Celluloee Relztive £ta.
number digested activity dev.
% %
1 None 39.3 100
1.0 ml, steam dlstillate of acidified fresh 39.5 100
rumen liquid ‘
2.0 ml, steam dietillate of acidified fresh 40.8 104 2.07
rumen liquid

2 None 36.4 100

0.1 mg. n-valeric acid 37.7 104

0.5 mg. n-valeric acid 30.4 8k

1,0 mg. n-valeric acid 31.2 86

0.1 mg. n-caprolc acid 35.8 98

0.5 mg, n-caproic acld 35.0 96

1.0 mg. n-caprolc ecid 30.6 84
10 mg. feather mesl hydrolyzate (2N HCl-4 hrs.) 71.8 197 2.47

3 None 2.6 100

1 meg. n-valeric acid + 0.5 mcg. isovsleric acid 25.1 102

10 mecg. n-valeric acld + 5 meg. isovsleric acid 24 .86 100

30 meg. n-valeric acid + 15 mecg. isovaleric acid 22.1 90

1 mg. isocerrolc scid 26.1 106
10 mg. feather meal hydrolyzete (2N KCl-4 hrs.) 4,9 191 5.88

8pare-Aminobenzolc acid (100 mcg. per 20 ml. of baeal medium) was used in
place of vitamin By in these experiments.

#01
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studies of feather meal hydrolyzate indicate that the vola-
tile fatty aclds are not the stimulatory factore in the
protein hydrolyzatee. Apparently, under the conditione of
theee experiments other microblal stimulstory factors are

involved.

Summary

Partisl acld hydrolyzateeg of varlous protein materials
were found to be very gocod sources of cellulolytic stimula-
tory factors for rumen microorganisms. Hydrolyrates of
feather mesl, vitamin-free casein, heir, gelatin, soybean
01l meal, end drackett protein all showed some sctivity.

Of the conditions of hydrolysie studied, a two normal
hydrochloric acid solution and an autoclsving time of 4

or 6 hours appeared to be beet when a 2 per cent protein
suspeneclion weg hydrolyzed. Untrested vitamin-free csegeln,
fezuther meel, and completely bydrolyzéd vitamin-free cssein
exhiblted only slight, if any, etimulatory activity. Festher
meal hydrolyzate wae equelly se sctive ag autoclaved rumen
liquid, sand a combination of these two materlale wae more
active than elther alone ag determined under the conditions
of these experiments. The actlive factore in festher meal

hydrolyzate were found to be relatively heat stsble and
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dlalyzable, They were not removed from an acidified solu-
tion by steam distillation or ether extractlion. Some
activity wse removed from agueous golutlion by repeasted
extractions with 70 per cent ethanol.

Additions of either n-valeric acld, n-canrolc acild, s
mixture of n-vgleric and isovaleric sclds, or a steam
digtillate of smcidified rumen liquid felled to stimulste
cellulose digestion by rumen microorganisms under the
conditiong of these experiments. These results and those
obtained Irom partlial acld hydrolyzates suggest that water
soluble peptides may be involved in rumen microbilal

cellulose dlgestion in vitro.

The Effects of Protein Hydrolyzates and a Press
Yeast Llquor Concentrate upon Body Welght

Gains and Feed Consumption by Lambe

Artificisl rumen studles uesing the washed sguepension
technique demonetrated thet partlisl proteln hydrolyzates
and preegs yeast liquor contain fzctors which enhance the
cellulolytic activity of rumen mlcroorganisme. The addi-
tion of these sgubstances to fermentation tubes contalning

8ll the known chemlcally defined nutriente reqguired by rumen
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microorgenisme increased cellulose digestlon considersbly
in geveral exreriments.

The purpose of these experiments wzs to determine the
effects of protein hydrolyzates and s press yeast liquor
concentrate upon body weight gaine and feed consumption

by lembe fed gemi-purifiled rations,

Materials snd methods

Theee studies coneilsted of two individual feeding
experimente, Experliment I was conducted during the summer
of 1954 end Experiment II was conducted during the winter
of 1954-55, Thirty-two Californies feeder lsmbs (ewes)
welghing approximately 65 pounds each were obtzlned for
use in the firet experiment., The lembe were vacclinated
ageinet enterotoxemla and sllowed & resgt period of one
week following thelr arrivael in Ames. During this period
the lambe were fed mixed hay, corn, and soybeen oll meal.

After the rest period all lambs were placed in in-
dividual feeding pens and fed ad libitum the basal semi-~
purified ratione shown in Table 24. One group of 18 lambs
wae fed Ration I while the second group of 14 lambe received
Ration II., Individuel dally feed consumptlon date for both

groups of lambs were collected for & period of 14 days.
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Teble 24, Experimental bassl retions individuelly fed to
lambs in Experiments I and II®

{Expressed in pounds)

Constituent Bagal ration
I II
Corncobe ———— 100,0
¥heat straw 20,0 -
Wood cellulose (Bolke-floc) 40,0 30.0
Corn starch 61.8 22.8
Cerelose 48,0 20,0
Lard 6.0 5.0
Urea 6.0 6.0
Crude caseln 10.0 8.0
Minerals® 7.0 7.0
Methionline 1.0 1.0
Choline 0.2 0.2
Total 200.0 200.0

876 each ration (per 200 1bs,) were added 250,000
unite gynthetle vitamin 4, 30,000 units of vitamin D as
Deleterol, and 1500 mg. of vitamin E ae Alpha Tocorherol,

brhe minersl mixture wae made up ae followe: mono-
calcium phosphate 9600 gm,, potassium carbonste 8000 gm.,
sodium chlorlde 2000 gm., magneslum sulfate 1200 gm., ferric
citrate 421 gm., manganege sulfate 113 gm., copper sulfate
15 gm., zinc chloride 11 gm., calclum fluoride 8 gzm.,
cobalt sulfate 2 gm., potesesium lodide 1 gm.
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Following this pre-expsrimentasl p=riod, two lambs 1n sach
grour wers discarded while the rewsaining lambs of esch
group were placed in outcome zrouve on the basis of total
feed consumption during the 1l4-day veriod and randomly
ezsiegnsd to treastments. Four grouvns of four lambs esach
were fed Ration I, Group I recelvad the bassl ration only,
Groun II and Group III lambs werz fed the basal r=tion plus
120 and 200 millilitere of caseln hydrolyzate psr pound of
ration, respsctively, and Group IV recelved the basal ration
plus 0,028 nound of a2 press yeast liquor concentrste per
pound of ration,

Three groups of four lambs esch were Ted & seml-
purified ration containing 50 ver cent finely ground corn-
cobe (Ratlon II). Group I served me the unsupplemented
control, CGroup II received 100 mlllillters of casein hy-
drolyzate per pound of ratlon, asnd Group III recelved 0.025
pound of 2 oress yeset liguor concentrats per pound of
ration,

Thirty wether lambe averaging 55 pounde each were ob-
tained from South Dakots and used in the eecond feeding
experiment conducteé during the winter of 1954-55, These
lambe were handled in s manner eimilsr to that uced with
the lembe in the first experiment, FHowsver, since theee

lambe appeared to be infscted with psrasites, they were
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drenched with a phenothlazine-leed arsenste mixture three
deye after their arrival and again the dsy they were placed
on the exverimentsl trestments., The lambs were placed in
outcome groups on the basls of total feed consumption of
the bagel ration during a l2-day pre-experimentsl perlod
and randomly allotted to treatments., Only se@i—purified
Ration I (Table 24) wes used in this experiment.

In the gecond feedling experiment there were four
groups of six lambs esch, The trestments conelsted of
varying levele of feather meal hydrolyzete, CGroups I, II,
III, and IV received 0, 10 millilitere, 20 millillters,
and 40 millilitere of feather meal hydrolyzaete per pound
of ratlon, respectively.

411 lambs in both experiments were kept in individual
pens and bedded with wood shavings. The lambe were in-
dividually fed ad libitum with water and trace-mlnerslized
salt being avallable at all timee. Dally feed consumption
and li4-day welights were recorded throughout the experi-
mental periods, In the first experiment, lambs were fed
for 56 days wlith the exception of lsmbs recelving the press
yeast lliquor concentrate, Due to & shortage of this
materiel, the feeding period wee terminsted at the end

of 42 daye for the lambe on Ration I and at 35 daye for
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those on the corncob rstion. In the second experiment, all
lambe were fed the experimentsl retions for 60 days.

Caseln hydrolyzate wae prepared by hydrolyzing a 2 per
cent suspension of vit:min-free casein with two normsal
hydrochloric acid. This mixture was autocleved for 4
houre, cooled, and the pH adjusted to 3.0 with 25 per cent
sodium hydroxide., The insoluble material wse then removed
by centrifugation and filtration. The pH of the filtrate
wag adjusted to 8.5-6.8 with further additions of sodium
hydroxide. This solution was prepared each day throughout
the feeding perlod to prevent any possibllity of contamine-
tion., One liter of casein hydrolyzate was added to 0.5
pound of ground wheat ctraw in & shallow pan and dried 1in
a forced-alr oven at 60° Centigrade. Sufriclent guantities
of the straw contelning the dried hydrolyzate wse added to
the basel ration to give the desired level of casein hy-
drolyzate, Caeelin hydrolyzate wae added to the semi-
purified ration containing corncobs by mixing 100
milliliters of the solutlion with each pound of besal rsation.
The matérial was not dried prior to feeding.

The press yeast liguor concentrate was prepered by the
Red Btar Yeast and Products Compesny. This materisl conelsted
of presg yeast licuor obtained from Active Dry Yeast cream

which had been concentrated over a bolling weter» bath. An
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analyels of this product showed thst 1t contained aprroxi-
mafely L0 per cent dry metter and about 9-10 per cent protein
on a wet basis, Press yesst liguor concentrate wes mixed
with the bsesal ration esch day prior to feeding.

The festher meal hydrclyecate used in the second experi-
ment was prepsred by hydrolyzing & 5 per cent fecther meal
suspension with three normel hydrochloric acid (feather
meal wes obtained from the Carroll Rendering Yorke). This
mixture wee autoclaved for 4 hours, cooled, and the pH
adJusted to 6.5-6.8 by adding solic¢ technicel grade sodium
hydroxide, The solution was strained through six leyers
of cheesecloth after neutralization. Feather meal hycroly-
zate was dfie& on finely ground wheat straw at 60° Centi-
grade and added to the rations in this form.

The basal retione for the control aroupe of lambs sre
ghown in Table <4, These semi-purified rations sre similar
to that used by Ruf et al, (62). In the case of the ration
for the trestment groups, minute amountes of caseln end
starch were omltted so that the protein content of all
rations fed were egual. The proteln content of the ratlons
was 12.2 per cent with sbout 65 per cent of the total
nitrogen being supplied by urea. Since conslderable salt
wee pregent in the protein hydrolyzates, additional amounts

of sodium chlcride were added go that the =8lt content of
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all ratione wae egual to that ration which conteined the

highest level of protein hydroly:zate.

Results end discussion

The resgults of the first experiment are sgummerlized in
Table 25, Congldering the resulte with Ration I, it will
be noted thst lambes fed a eemi-purified ration supnlemented
with either cseein hydrolyzate or s press yesst liguor
concentrate consumsd more feed asnd made larger galns than
lembs fed the unsupplemented ration., The addition of
cagein hycrolyzate (100 milliliters per pound of ration)
resulted in & 50 per cent increase in rate of gein and &

11l per cent increaee in feed consumrtion; whereas the
incresses 1n galne and feed consumption by lambe recelving
press yeast liguor were even more pronounced, being 68 per
cent and 19 per cent, respectively.

Lembs consuming & semi-ﬁurified ration containing 50
per cent corncobs snd supplemented with casein hydrolyzate
consuned 35 per cent more feed than unsupplemented lambe.
However, the rate of gain was increased b, only 27 per cent.
These resulte, as well ae the aprpearance of these laabs,
indicated that the corncob ration wes poorly utilized by

the lambs. ¥any of the lambs in Greoup II had a "paunchy®
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Table 25, Rate ¢ oain and feed coneumption by lambs fed
either caeelin hydrolyzste or e press yeaet liquor
concentrate

Retion Group number and treatment Aversge Average

daily dslly feed
galn consumed
1lbs. lbe,
I I Basal ration 0.22 2.46
II Basal ration plus 100 ml. casein 0.33 2.73
hydrolyzate per 1lb. of ration
III Baeal ration plus 200 ml., cssein 0,30 2.69
hydrolyzate per 1lb. of ration
IV Basal ratlon plue 0.025 1lb. 0.37 2.92
press yeast liquor concentrate
per lb, of ration
II I Basal ration 0.22 2.81
II Bsgal ration plus 100 ml, cassein 0,28 3.64
hydrolyzate per 1lb. of ration
III Basal ration plus 0,025 1lbh, 0.29 2.91

prese yeast

liguor concentrate

per 1lb, of ration
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appearance, Some of the increased gaine of this group were
probsbly due to extra fill, Apparently, 50 per cent corn-
cobe wes too high & concentration of this poor quality
roughage material to include in lamb rations as supplemented
in this experiment.

The press yeast llguor concentrate addlition to Ration
II resulted in an increased dally gein but very 1little in-
creage in feed consumption. However, thie material was fed
only 35 daye g0 thesge results are not conclusive,

These results of the firet feeding experiment have to
be accepted with certain reservatlons since none of the
differencee in either rate of gain or feed consumption were
statistically significant, E&ince only four lambe were used
for each treatment and the variation among lambs on the
game treatment was very grest, an extremely large differance
would have been necessary for statistical signiflcance.

The results obtained from feather meal hydrolyzate in
Experiment II (Table 26) parslleled those obtained with
casein hydrolyzate in the first experiment., A feather meal
hydrolyzate addition to the baeal ration (40 milliliters
per pound) resulted in e 35 per cent increase in aversge
dally gains and a 21 per cent increase in feed consumptlon,
Thie level of feather meal hydrolyzste ls approximstely
eguivelent to the 100 millilitere of casein hydrolyzate



Table 26. Rate of gain and feed consumption by lambes fed
feather meal hydrolyzate

Group number and treatment Average Lverage
dally galn dally feed
1be. consumption
1lbe.
I Beeal ration 0.23 1.79
(0.23)8 (1.81)

II Bagal rstion plue 10 ml.
feather meal hydrolyzete per
pound of ration 0.23 1.7¢9
(0,26)P (1.88)

IIT Bagal ration vlue 20 ml.
feather meal hydrolyzete per
pound of ration 0.31 2.16
(0.36)P (2.45)

IV Bagal retion plue 40 ml,
feather meal hydrolyzate per
pound of ration 0.29 2.086
(0.33)P (2.20)

&Averaga of five lambs.

bﬁverag@ of four lambs,
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per pound of rstion used in Experiment I. There was no
apparent increase in rate of galn and feed consumption when
the ration wae supplemented witr only 10 milliliters of
feather meal hydrolyzate per pound of ration. Lambe re-
ceiving 40 milliliters of feather meal hycrolyzate ver
pound of ratlion did not p=rform any better than lambs
receiving the intermedliate level.

All lambe used in Experiment II were drenched with a
phenothlazine-lead srsenate mixture on the same dasy they
were started on the experimental rations., After drenching,
one lamb in the control group and two lambe 1in esch of the
three remaining groups failed to ezt any feed for a period
of 10-14 daye. This lose in appetite wae apparently due
to the strong drenching solution. When 1t became apvarent
that these lambs were not going to start eating on thelr
own volition, an attempt wae made to reetore the annetite
of thege lambe with a yesst esolution. A 5 ner cent yeart
solution wae prepared which contained equsl amounte of
veast extract (Difco) and plasmolyzed torula yeast. Each
of the seven lambs were drenched with 100 milliliters of
this solution for three consecutive days. In every case
there was a complete and rapild recovery of appetite.

Theee lambs were continued on the experimental retlons

slthough eome of them hed lost considersble weight during
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the time they were off feed. Ae shown by the vsaluee in
parentheses in Table 26, the results from the feather meal
hyérolyzate additione were improved when the valuee for
these lambs wers omitted.

The varletion in feed conesumption and rate of gain
emong lambs treatsd slike was also very large in this
experiment. Ae a result, none of the differsnces Iin elther
rate of galn or feed consumption were statistically eslg-
nificant., However, these resgults, ag well ag those obtained
In the first experiment, while not conclusive, are a good
indication thet these protein hydrolyzates and press yeast
liguor conteln factore which will improve the rate of gain
and feed consumption by lambs fed gemi-purlifled rations.
The results further indicate that yeast vproducts contain

factors which are assocleted with appetite in lambs.

%ummarz

Two feeding experiments were conducted in which the
effects of proteln hydrolyzetes and a press yeast liquor
concentrate upon the bo@j welght gaine and feed consumption
by lambe fed gemi-purifled rations were studied. Rate of
gain and feed coneumption were lincreased consliderably in

both experimentse by these materials., Although the
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differences in gelne and feed consumption were not ststie-
tically significant, they are suggestive that proteln
hydrolyzetes and presge yeast liguor contailn factors which
are needed by lambs for maximum performence. It was aleo
found that a solution of yeast products, when given orally,
restored appetites in lambe that had been off feed for
periods of time ranging from 10-14 daye, However, since

no control lambe were used, more extensive studles are belng

conducted to confirm this observation.
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GENERAL DISCUSSION

The resulte of the experimente renorted in this thesis
show that washed rumen microorganisms have gpecific nutrient
requirements for maximum cellulose digestlion. These require-
mente were shown to conslst of chemlcally known nutrients
ag well ae factors of an unknown nature. In addition to
enhancing cellulose digestlon in vitro, the addition of
potent sources of these unldentified factors to semi-purified
rations resulted in large apparent lncresses in daily gains
and feed consumptlon by lambs., These resulte are sugpestive
that these factors may be of importance to ruminants gen-
erslly in g0 far assg maximum and most efficient performance
on & glven ratlon is concerned., In this regard 1t appears
likely that the best reeults would be obtalned if theee
factors were to be added to rations containing large amounts
of low quality roughages and rations in which & non-protein
nitrogen source suppllee & major part of the total nitrogen.
Many of the high quslity rougheges and protein concentrates
commonly fed to cattle and sheep contaln these factors,
therefore, the incluslon of addltional amounte of them in
such rations may not be beneficisl. However, the posei-~

bility that these factore may have & beneficlal influence
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when added to such rations cannot be excluded on the basis
of the informetion avallable st the present time.

These studlies were not successful in elucldating the
chemical identlty of the unidentified cellulolytic factors
slthough additional informetion concerning thelr nature was
obtained, The finding that certain B-viteming were stimu-
latory to mleroblal cellulose digeetion in vitro would
indicete that the gtimulatory activity of yeast extract,
rumen liquid, and poselbly other esources of theese factors
may be due in pert to the B-vitamin content of these materi-
ale, In this regaerd the results reported in this thesis
confirm earlier studiee (32, 5) which showed that certaln
B-vitamins gtimulated cellulose digestion by rumen micro-
organisme, It wae sleo reported in these estudies that the
stimulatory actlon of the B-vitamine was not equal to that
exhibited by such materlale a8 yesst extract or rumen
liquid,

It 18 not yet known whether the addlition of these B-
vitamins whileh stimulated cellulose digestion in yitro to
ruminant rations would incresee rumen microbial activity,
There are a few reporte in the lltersture which indicate
they do not improve the performance of sheep, Head (33)
reported that a mixture of the B-complex vitamins d4id not

improve the digeetibllity of the dry matter by sheep on
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hay retlons. BStitt et sl, (66) found no beneficial effects
upon the performence of pregnant ewes or thellambs produced
by esdding either vitamin By, or & mixture of vitamin By,
thismine, pyridoxilne, choline chloride, folic scid, and
biotin to corncod rations. The results of these experi-
mente are in agreement with the generally accepted concept
that under normal conditlone rumen microorganisme syntheglze
sufficlent quantitles of the B~-vitamine to meet their needs
ag well ae that of their host. It 1e conceivable that
these B-vitamine required by cellulolytlic rumen bacteris
dn yitro may be supplied by the microbial synthesle of
other types of rumen bacterls lnaesmuch a&s symblotic relstilon~
ghlpe undoubtedly exist in the normal rumen, |

The dats concerning the influence of partial hydroly-
zateg of certain protein materisls upon microbial cellulose
digestion suggest that intermedliate breskdown products of .
the protein molecule may be the active principles in these
substances., It wase eshown that untreated casein and a com-
mercial hydrolyzate of casein which was completely hydrolyzed
exhlbited only elight activity, whereas & partisl acid hy-
drolyzate of caseln wae very asctive. Untreated feather meal
wae inactive while a partial acild hydrolyzate of this same
material stimulated eellulose digestion considerably in

numeroug experiments. Similar resuvlts were obtalned with
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other proteln materlials., While these findinge are sugges-
tive that water soluble peptlides may be the active factors,
no definite conclusions can be drawn at this time., The
possibility that the activity is due to some contaminant
which 18 relesged from the protelin materiasl during the acid
hydrolysle cannot be excluded, although thieg seems unlikely.
That peptides may be growth factors for bacteria has
been demonstrated in numerous repvorts. Sprince and Woolley
(65) found thet a partial hydrolyzate of casein contained
factore requlred for growth by certaln hemolytic streptococcl

and the bacterium, Lactobaeclillug casel. These workers called

peptide. In later work (73), eynthetic oxytocin (an octa-
peptide) was found to have & high strepogenin activity.
These regults definitely excluded the poseibility of a con-
t aminant being involved since a synthetic peptide was used.
In thls same experiment, it was reported thast the cyetine
residue in the peptide was esgential for actlvity. These
regulte are interesting in view of tnevfindinga in this
theeis that & feather meal hydrolyzate was more active than
a similer hydrolyzate of gelatin for rumen miecroorganisms.
Feathere have a high content of the sulfur amino sacids,
particularly cystine, while gelatin contains only & trace

of these compounde.
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Kiharas et al, (42) ieolated peptide fractions from &
purified goybean »nrotein hydrolyzate which poesessed con-

gidersble growth promoting activity for Lactobacillus casel.

Coleman (23) separated and partislly purified a growth
factor for thie same organism from yeast, Thls fector
appeared to be a peptide. Dunn et el. (27) reported that

& partlal asclid hydrolyzate of casein stimulated the growth
of Lactobaclillus casel. An enzymatlc hydrolyzate of caseln
wag found to be highly stimulatory to cellulese digeetion
by rumen microorganisme by Huhtanen (36). Thege experimental
r2sults and those reported in thie thesle sugg<et that pep-
tides may be very lmportent in microbial metabolism. While
the mode of sctlion of these materials is not known, it is
belleved thet they may be involved in protein syntheeis.

The failure of elther steam dlstillatee of acidified
rumen l1iquid or short-chaln fatty aclds to etimulste cellu-
loge digestion In these experiments does not agree with
the resulte reported by Bentley et al. (6). There are
severrl poaglble reasons which might account for this dis-
crepancy. Due to the varled condltions and techniques used
in the assay procedure, it is very unlikely that the same
straine or types of rumen becteria were used in both studies,
Rumen becterla used in the experimente reported in this

theels were obtalned from an animal on a high corncob
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ration, whereas the Ohlo workers obtalined their bacterlsa
from an animel on good quslity alfalfa hey. Aleo, slightly
different procedures were usged in processing the bacteria.
It 1s possible that strains of rumen bacterias were present
in the inocula used In the experiments revorted herein
which synthesized these fatty acids, The fact that these
fatty acide have been lsolated from the rumen is an indi-
catlion that they may be produced by certalin types of rumen
microorganisms.

The preliminary observations on the effects of yesst
products upon the recovery of sppetite in lambe merits
further study. If these results cen be verified with a
larger number of animals, it is felt that this would be
very significant. A product such as yeaet plasmolyzate
which would effectively stimulate appetite in animale off
feed due to diseage or various other causes, would have
wide application. It ls poselble that such a product, if
included in ruminant rations, would help prevent animale
from going off feed, as well as to facllitate the adapta-
tion of the rumen flora to changes 1in feeding reglimes such
&8 ocecur when animele are changed from a high roughage to
& high graln diet.

If future experiments ehow that thege unidentified

factors will definltely improve geins and/or feed utilization
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by csttle and sheep, then, potent sources of them which
would be avalleble in large guantities will be needed,
Chicken festhersg which are a faerm waete product at the
present time and whioh are avallable in large amounts may
be one of the better potentisl eources providing that com-
merclal proceseing and handling of large quantlitles of
liguid are not prohibitive in go far as cost ig concerned.
Hydrolytic agente other than scid may be more applicable for
industrisl uee glince acide would be detrimental to metal
cockers, Preliminary studlee with sodium hydroxide and the
proteolytic enzyme, trypeln, indicated that these materisls
may be effective hydrolytlc agents. Such meterisls could
be uged in metal containers without any major destructive
effects,

The 1inclusion of large quantitleg of liquid euch as a
protein hydrolyzete in feed supplements might be a problem
although not & major one., One poeelible way would be %o
Tirst mix the hydrolyzate with molasses, The resulting
l1iquid mixture could then be mixed with supplemente con-
taining a2 large amount of corncobs or other sulitable
liquid carriers.

Another very good potentlal eource of these factors
which could be added to cattle and sheep feeds 1le torula

yeast plesmolyzate, Thile product which 1lg produced from
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sulfite waste liguor 1g avallable in large quantitiee. In
addition to containing & high concentration of unidentifled
microbial stimuletory factors, thie product also contains
other vsluable nutriente such aes protein and the B-vitemins.
It slso hae the added advantage of beilng in a very conveni-
ent form for handllng &and mixing into rations.

The identity of the stimulatory factors 1In yesst
producte 1 not known, The finding that a combination of
feather meal hydrolyzate and yeast plasmolyzate was more
s timlatory then the hydrolyzate alone, suggests that the
yeast product containe additionsl factors other then those
in the feather meal hydrolyzete. It 1s concelvable that
gome of the asctivity in yesst producte might be due to the
bighly unegsturated hydrocarbon, sgualene, This compound
hes been found to occur in yeasst in & relatively high con-
gentration (68). More recently, studies have been reported
which showed that Bqualene was a precursor of cholesterol
(45, 71)., In view of the Missouri work (9) showing that
cholegterol gtimulated microbial cellulose digestion, it
is poseible thet a precursor of cholesterol, such as
squalene, may elso be actlve cellulolytically. Experimental
date gre needed to elther refute or confirm thile supposition.
It 1g of interest thet lsovelerate which has been shown to

be used in the blosynthesls of cholesterol (8) has also
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been found to stimulate cellulose digestion by rumen micro-
orgaenisme (11, 6), Whether these results are directly
related or purely colncidental 1s not ascertalnable at the
present time,

One seeming limitation in these thesle dats 1s the
fact that only one animal on & speclflic ration was used as
the source of rumen microorganisms throughout these studies,
The use of & raetion which had a low concentration of un-
identified factore and & large amount of poor quallty
roughage would appear to be justified coneldering the
objectives of thie study. In order to study the factors
influencing low quality roughsge utiligation, it was felt
that rumen cellulolytic bacteria should be obtained from
an animal receiving this type of ration. The results
obtalned in in witro studies with these types of bacteria
s hould have more direct applicstion to in vivo experiments.

Factors found to influence rumen mlcrobial activity
An vitro may or may not be beneficlal when added to cattle
end sheep rations. Thug, results of ln vitro studies with
rumen microorganiem will necessearily need be corroborsted
wilth the live animal. At best then, in vitro techniques
are & screening tool for studying many factors which might
hsve applicetion in feeding practices., Regardless of these

limitatione, it is belleved that in vitro studles with
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rumen microorganisms have and will contlinue to contrilbute
much valuable information concerning the nutrition of cattle

and sheen.
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SUMMARY

A technique employling washed suspensions of rumen
microorg:nisme was developed for the study of factors
influencing cellulose digestion in vitro. The technique
conslsted of separating the bacteria from stralned rumen
liquid by differential centrifugation, The bacterisl cells
were washed twice before being used to 1lnoculate a cheml-
celly defined nutrient solutlon containing purified wood
celluloee, Yhen washed rumen microorganisme were suspended
in 20 millilitere of & nutrient eclution contsining 0.5 per
cent cellulose, aprroximately 40-60 per cent of the cellu-
lose wae digested during an incubstion period of 24 hours,
Conditione required for optimum cellulolytic activity, such
ag pH, concentration of the substrsate, concentration of
rumen bacterla, and the duration of incubstion were deter-
mined.
organisms for meximum cellulose dligestion werz determined
by ueing the weehed suspension technique., Amonz the 11
mineral elemente teeted, caleium, zine, cobalt, and copper
did not significently increase microblal cellulose diges-

t ion. Levels of 5, 5, and 16 parts per million of cobalt,

copper, and zinc, respectively, inhibited cellulose
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digestion. The optimum ratio of sulfur to nitrogen requlred
by rumen microorganisms was found to be in the range of 1:10
to 1:17.

Seversl of the B-vlitamins were found to enhance cellu-
lose digestion by rumen microorganisme when added individually
to fermentatlon tubes., These vitamins were! pssudovitamin
Byp, vitamin Byp, blotin, folic acld, pyridoxine, psra-
amlnobenzole acid, and riboflavin., A combination of vita-
min Bj2 and blotin stimulated microbial cellulose digestion
more then did either of these vitamins alone. This combina-
tion of vitamins wes equally as active as any other combine-
tion of vitamins studied. No eingle B-vitamin or combination
of B-vitamine was found which incre:sed microblal cellulose
digestion to thsveama extent as dild yeast extract.

Of the carbohydrates etudled, xylose, arabinose, ribose,
rhamnoge, sorbose, and maltose stimulated cellulose digestion
only elightly. High levels of many of these compounds de-
pressed cellulose digestion by rumen microorganlsms.

Fractionation studles of different types of yeasts and
yesst fermentation by-products showed that plasmolyzed
torula yeast cream etimulated cellulose digestlion in vitro
by rumen microorganieme markedly. The plasmolyslie apparently
concentrated the active cellulolytie factors outside the

yeaet cells making them more acceesible to rumen becterla,
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A partiel acild hydrolyzate of feather mesl was shown
to be equally as active as autoeclaved rumen liquid in etimu-
lating cellulose digeetlion in vitro by rumen microorganisnms.
Partlal acld hydrolyzstes of casein, halr, soybesn oll meal,
gelatin, and drackett protein were aleo active, Untreated
vitamin-free casein, feather meal, and completely hydrolyzed
vitamin-free casein exhibited only slight 1f any sctivity.

The active factors in feather meal hydrolyzate were
found to be relatively stable to heat snd dialyzable. They
were not removed from an acldified solution by stecem distil-
lation or ether extraction. Some activity was removed from
aqueouse solution by repeated extractions with 70 per cent
ethanol.

Additions of either n-vaeleric acid, n~caeprolc acid, a
mixture of n-valeric and isovealsric aclds, or s steam distil-
late of acldified rumen liquid failed to etimulate cellulose
digestion by rumen microorganisms under the conditions of
these experimente. These results and those obtalned from
partial scid hydrolyzstes of various protein materials
suggest that waeter goluble peptides may be involved in rumen
microbial celluloese digestion in vitro.

Two feeding experimente were conducted in which the
effects of protein hydrolyzatee and a press yeast liquor

concentrate upon the body weight gsins and feed consumption
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by laembs fed seml-purified rations were studied., Hate of
galn and feed consumption were incressed conslderably in
both experiments by these materlsls. Although the 4dirf-
ferences in gain and feed consumptlon were not statistically
significant, the results of these experimente suggest that
protein hydrolyzates and press yessgt liquor contain factors
which are needed by lambe for maximum performance., It was
also found that & solution of yeast products, when given
orally, restored appetites in lambs thot had been off feed

for periods of time ranging from 10-14 daye.
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