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I Rumen Digestion in the Bovine.



INTRODUCTION

The rumen together with its associative organs and activities
has served to set the ruminant apart from other domestic animals,
Despite the importance of the functions of this organ, less than two
decades ago there was an utter lack of dependable experimental evie
dence pertaining to the physiology of rumen digestion,

Recent investigators, however, have made rapid progress in
illuminating the mechanical factors concerned in digestion within the
rumen, Determinations of the products of the fermentation of fiber,
the chief constituent of the feeds consumed by ruminants, have been
made for many years, These studies have primarily involved in vitro
cxperigents, and the products formed may not necessarily be identical
in either quality or qﬁantity to those produced in the rumen itself,
Attempts to explain the fattening value of digestible fiber to the
animal in terms of the in vitro products of fiber fermentation have
failed,

Actual chemical studies of rumen digestion in vivo have pro-
gressed more slowly, and it has been only within the past several
years that attempts have been made to follow the digestion of various
feed constituents in the rumen, Even these findings have been limited,
snd the data obtained only indicated the comparative rate at which the
various constituents disappeared from the rumen,

This study was undertaken to further the knowledge of the chem~



ical factors involved in rumen digestion and to attempt to ascertain
the quantitative digestion occurring in the rumen, together with some
observations of the effect of the plane of nutrition and type of feed

on rumen fill and barrel size,



G .- ~um : T ] —.



REVIEN OF LITERATURE

The ruminant stends alone among the domestic animals as an
efficient converter of coarse roughages into products that are highly
palatable and nutritious human foods, Huminants hurriedly consume
relatively large amounts of roughage, subject it to a softening and
fermentation process within their large rumen, and in ruminating re-
tﬁin it to the mouth to be thoroughly remasticated, As a result of
this activity a fraction of the roughage that is of very little value
to many species of domestic animals serves to supply a large portion
of the energy requirements of the ruminant, Enumerable microorganisms
decompose enormous amounts of roughages to nutritive products within
an astonishingly short period of time, When one considers the high
place among domestic animals that is occupied by the ruminant and the
numerous rumen activities that make this place possible, one readily
realizes that the study of the various phases of rumen digestion is

exceedingly important,

Passage of Food Material Through the kumen

Course Followed by the Food

The physiology of the rumen has received considerable attentlion
from investigators, With the development of the rumen fistula
teshnique of making observations, the physiological studies were greatly
facilitated. In the latter part of the last century Colin (15) made
rumen fistulas into the ox and performed extensive studies, Schalk

and Amadon (103), Magee (74), Bergman and Dukes (17) and Mangold (75)
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have more recently contributed to this field.

The course followed by various food materials varies consider-
ably and is influenced mainly by the nature of the food material
itself. Passage of the food is primarily the result of the never
ceasing and rhythmical movements of the rumen and reticulum, Schalk
and Amadon (103) observed that "The general motility of the reticulum
and rumen is quite characteristic and definitely established for each
phase of activity.” These investigators discussed the movements in
detail,

It is agreed by a number of observers (103) (74) that food
material swallowed in the normal manner goes to the anterior dorsal
sas of the rumen, ‘the course followed from there depends upon the
character of the ingesta, The light bouyant forage is carried
posteriorly into the rumen and the heavier concentrated food quickly
finds its way to the reticulum, As the rumen is an adaptation by
nature for the more complete utilization of roughage, the course of
this type of food materiasl will be considered first, 7The fcrage after
belng carried posteriorly moves through the entire reticulo~rumen
cavity at a rapid rate, In this process it becomes thoroughly mixed
with the ingesta of previcus meals, is saturated with water, and is
supjected to softening, maceration, and fermentation, This processed
foughage iz now ready for remastication during which the feed is more
thoroughly crushed and macerated than can be accomplished by & horse,
for example, in which there is no preliminary preparation, Schalk and
Amadon (103) pointed out that the space made available during the
processing of the roughage is filled on eating with a fresh supply of

material, Following this, rumination usually occurs, It must be
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remembered, however, that the boli formed at this period consist of
ingesta which was consumed twelve to twenty-four hours earlier and
which has been subjected to the activities of the rumen for that time,
The mechanism of rumination has been discussed in detail by several in-
vestigators (103) (74) (17), and all agree to the importance of reticular
activity in this function. Remasticated food is deposited in the en=-
terior dorsel sagc and, with some little exception, readily passes into
the reticulum and on into the third and fourth stomach compartments,
All hay particles seem to follow this course with little variation,

Schalk and Amadan (103) observed that green forages rapidly
passed through the rumen and arrived at the reticulum to be re-
gurgitated, Fermentation of sush material is very rapid, and the
residue may reach the reticulum in such a finely divided state as to
escape rumination, The findings of Columbus (23), that green feeds
accelerate passage through the digestive tract, bear out the above
observation.

- In contrast to roughages, concentrated feed soon finds its way
into the reticulum and some portion of it may pass there directly. A
small amount of the concentrates may pass to the other stomachs during
the course of the meal (103) (89). Nevens (89) found corn was evenly
dispersed throughout the rumen of animals fed shortly before slaughter
and also observed that the preparation of such material, whether finely
ground or shelled, seemed to bear no relation to the path followed in
the stamach, He found that regardless of whether the corn was fed
mixed with hay or separately, the course it took was essentially the
same, Kick and associates (56) reported that whole corn kernels might

remain in the rumen for six days. The age of the animal, the amount of



corn fed, or the corn~hay ratio had no effect on the time of retention,
Moore and associates (84) studied bulk as a factor in formulating dairy
retions and found bulk was unnecessary in the make up of the grain
miiture. The rumen had the ability to break up and dissolve boll even
of the most cohesive feeds, Grains are not remasticated except as they
are accidentall& caught in the meshes of the roughage (103}, Therefore,
nearly SO per cent of ingested corn kernels pass through the animal in=-
tact, for Schalk and Amadon (103} have shown that only about 50 per
cent is crushed during eating. 7That concentrates take a short cut
through the first two stomach compartments was further illustrated by
the work of aoore and Winter (85) in which they found iron oxide,
which might represent a concentrate, appeared more rapidly in the feces
and more speedily reached its high point of excretion than did rubber
rings, which might represent roughage, Mitchell and co-workers (80)
observed that heavy feeds, which supposedly do not enter the rumen,
passed through cattle at a relatively rapid rate,

The function of rumination seems to be dependent upon roughage,
When concentrates are fed alone, rumination is not even a physiological
necessity to the animal, The feeding experiments of Schalk and Amadon
(103} quite conclusively demonstrated that a ration composed ex-
clusively of concentrates abolished rumination, though the animals
remained in good health, Kitzman and Benedict (100, reported that en~
imals were unable t§ form boli when deprived of coarse rougheges, Kick
and co~workers (56) observed that steers without roughage ruminated list-
lessly. Ritzman end Benedict (100) found that the grinding of hay to
a meal stopped rumination as the animal was apparently unable to form

& bolus sufficiently cohesive for regurgitation, This was also ob-
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served by Powell (96) and to some extent by Kick and associates (56).

The gseneral conclusion of Beach (9) that “digestible nutrients
in. concentrated feeds are more valuable pound for pound than digestible
nutrients in roughages, because less energy 1is required by the animal
in the former case to render them available® is of importance., Ritzman
and Benedict (100) pointed out that Zunts showed that 11,3 per cent of
the energy of hay and only 2.8 per cent of thé energy of oats was used
in mastication, and that 48 per cent of the digested energy from hay
and only 19,7 per cent of the digested energy from oats was used in
the work of mastication and digestion, Ritzman and Benedict observed
that fermentation losses in the form of methane remained about the
same when animals received a concentrate meal as the sole feed as when
the cows were fed hay only. The above difference in utilization was,
therefore, due to the extra energy required for preparation of the
- roughage and not to a greater loss through fermentation,

Liquids, and thus highly soluble feeds as molasses, may remein in
the rumen-reticular cavity for but a brief space of time or for several
hours depending upon conditions (103), When the ingesta has been
sufficiently divided into small particles it passes to the omasum, This
passage 18 probably due to an aspiratory act on the part of the omasum
(103) (74) and occurs at approximately 60 second intervals (103),

Thé possible funotion of the esophageal groove in the passage of
ingesta has attracted the attention of many investigators, Early
'orkera.supposed that this structure conveyed liquid and semieliquid
ingesta directly from the cardia to the reticulo~omaesal orfice without
its having to traverse the rumen and reticulum, Recently Schalk and

Amadon (103) demonstrated that it performs an important function in



the calf during the nursing period and guides milk directly to the
omasum, In the mature animal, however, the groove was not functional
except upon special occasions as in the administration of saline so~
lutions, Lenkeit and Columbus (72} studied the esophageal groove re-
flex and found the more effective the reflex (the coming together of
the edges of the groove) the quicker the rate of passage of foode In
young ruminants liquids and gruels caused the reflex, but dry food had
no effect, The reflex was rearely obtained in adult animals, These
workers (73) observed regurgitation of the fluid from the abomasum of
young animals into the rumen occurred less than an hour following its
ingestion. Wester (127) found certain chemical substances in solution
caused & closing of the groove and he recommends the use of such sube

stances in the administration of drugs intended for the abomasum,
Time Required for Passage

The significance of the rate of passage through the rumen and the
whole of the allmentary tract under normal conditions is its effect on
the degree of digestion and the absorption of the digested nutrients,
Bwing and Wright (35) found the time that feed material remained in a
certain organ depended primarily upon the functional activity of the
organ, In organs least active functionally, the feed residue remained
for a considerable period, This explains the stagnation of roughage
in the rumen, These investigators found that feed residue remained in
the rumen and reticulum for an average of 61 hours, in the aborasum
for 2,8 hours, Columbus (23) studied the process of rumen evacuation
in detail in sheep and goats, He found the test meal to be uniformly

distributed throughout the rumen after one to two hours, and passage
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into the abomasum began in two to five hours, most of the meal had
left the rumen in 24 hours and completely in eight to twelve days.
Withdrawing of roughage delayed emptying of the rumen to 17 to 20 days.
As Schalk and Amadon (103} observed the ingesta to remain in the rumen
in a process of preparation for 12 to 24 hours, the total time required
for evacuation was possibly between 24 to 30 hours.

Bwing and Smith (34) found the rate of passage through the di-
gestive tract varied from 2,9 to 5,2 days depending upon the nature of
the ration end quantity fed. Moore and Winter (85) found rubber rings
appeared in 11 to 20 hours, reached a maximum excretion in 1 to 3,5
days, and were completely excreted in six to nine days, As was ob-
served by Schald and Amadon (103} and Columbus (23) green forage
increases the rate of passage, Concentrates pass more rapidly than
roughages because of the short cut they take through the rumen, and
thereby, they gain 12 to 24 hours on the roughage (103) (85), Mitchell
(13} observed a more rapid passage of concentrated feeds as compared to
roughages

Mitchell and associates (80) are of the opinion that the level of
feeding is very importent in determining the rate of passage, This is
in harmony with the conclusion of Ewing and Smith (34), These observers
also noticed that finer particles of feed and finer ground feed passed
more rapidly than coarse ones, Ewing and Smith reported that in general
& more complete digestion was associated with a more rapid rate of
passagej however, crude fiber digestion seemed to decrease with a more
rapid passage of the residue, 1t was suggested by witchell and co~

workers that a lower level of feeding, end hence a slower rate of
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11
passage, resulted in greater digestion and atsorption,
Comminution of Food Materiel that Occurs in Passage

The comminution of the feed residue of average rations containing
coarse feeds was thoroughly investigated by Ewing and Wright (35). They
found that more than half of the comminution that took place in the
average ration ocourred as a result of mastication., When rations were
incompletely masticated, a higher percentage of the comminution was
found in the rumen and reticulum. The extent of comminution which oc-
curred before the feed passed from the rumen and reticulum amounted to
58,5 per cent to 70,9 per cent of the total comminution. The highest
percentage of break-down was observed on the smaller rations, The
amount of comminution was not alone dependent upon the time feed
residue remained in the several organs but it also depended on the
functional activity of the several organs, The comminution of rations
of silage alone during the process of digestion was over 90 per cent

efficient, with 2 mm, as the dividing line,

Relation of Rumepn FIill and Total Fill to Live Welght

Knowledge regarding the weight and character of fill in the
ruﬁinant at various planes of nutrition and during fast is of par=
ticular experimentalAimportance not only to an estimation of live
weight but, in the case of fasting, also to show at what stage ab=-
sorption ceases. Ewing and Wright (35) found the rumen contents in
animals receiving fibrous rations varied from 46,3 Kgm. to 51,15 Kgme
and constituted 12,8 per cent of the total live weight, Total fill

constituted 17,7 per cent of the live weight. In 1862 Grouven (39)
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studied the weight and character of fill and observed that the relation
of total fill to live weight was 15.6 per cent in non-fasting cows and
12,7 per cent in oxen fasted for five to eight days. The enimals were
fed rye straw, Nevens (83) found that 13, 14, and 10 per cent of the
live weight of non=fasting animals wes fill, Trowbridge and co~-workers
(118) determined the percentage of live weight represented by the fill
in five steers fed hay and grain and found the fill to be 12,0 per cent
and 12,8 per cent in animels on submaintenance, 9,5 per cent and 8,3
per cent on maintenance, and 8,0 per cent on supermaintenance, These
percentages are lower than most of the others reporteds Ritzmen and
Benedict (10C) concluded from their results that true fill in lactating
dairy cows consuming large quantities of hay alone or a mixed ration
would be in the neighborhood of 20 per cent of the live weight, Voit
wvas quoted by Ritzman and Benedict as stating that the fill of her-
bivora may amount to 20 per cent or more of the total live weight,
R}tzman and Benedict also referred to Seuffert and his co-workers who
reported that the intestinal fill of the sixteen cows and bulls they
studied represented from 10,96 per cent to as much as 31,0 per cent of
the live weight. Géouven_(39) concluded that there are about 60 Kgmsa.
of fill in a 500 Kgme ox, which is about the average for all cattle re~
ported by different investigators,

Nevens (89) found the amount of dry matter in the digestive tract
of fasting animals to be roughly 20 per cent of the daily dry matter in
the feed when the animals were not fastirg, He observed that about
70 per cent of this dry matter of the fill was found in the rumen., The
results of Ewing and Wright (35) indicated th&t in full fed animals

slightly over 72 per cent of the fill was in the rumen. 1n Grouven's
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snimals 77,5 per cent of the fill was in the stomach compartments of

non=-fasting animals end 85,6 per cent in the fasting animals,

Ritzman and Benedict (100) drew attention to the fact that the two

main factors affecting the weight of fill are the character of the

ration and its volume,

between hay and concentrates,

The character of the ration concerns the ratio

In general the percentage of live welght

that the fill constituted was relatively high in those animals whose

feed was bulky, At maintenance feeding, when the ration comprised more

hay than grain, 11l to 15 per cent of the live weight was fill; when the

ration contained more grain than hay, from 9 to 12 per cent; and on

grain alone, an even

smaller percentages, Nevens (89) found that the

form in which alfalfa hay was fed to the animal seemed to have little

or no effect upon the dry matter content of the rumen,

The results of Ewing and Wright (35) indicated a lack of cor~

relation between dry

the following table,

matter intake and rumen fill as is observed in

: : : s Z of dry

Steer :Wt, in : Ave, daily dry matter : Wt, of rumen : matter

s kgms, @ intske in kgms, s ___contents ¢ in rumen
52 : 385 : 1.6565 : 49,124 : 9,2
49 s 380 246340 : 51,150 : 9.7
46 s 362 344730 : 46,255 : 11,9
45 s 385 348400 : 47,000 s 1I,2

These fligures readily demonstrate that

take varied considerably, the weight of both

although the dry matter in-

the rumen contents and dry
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matter of the rumen varied but little, The same results followed out
for total fill. This is not in agreement with the conclusion of Ritzman
and Benedict (100) to the effect that the volume of feed consumed is
importent in determining the weight and character of fill,.

Grouven (39) pointed out that the fill of his fasting oxen was
about 95 per cent water, This is in agreement with the observation of
Nevens (89) who noticed a large amount of free liquid in the rumen of
fasted animals and practically none in full fed animals., ‘lhe dry matter
content of his fasted animals was one fourth to two thirds as much us
that of full-fed animals,

Ritzman and Benedict (100) drew attention to the imperative need
of further study on the amount and character of fill in large domestic

runinants, particularly after feeding at different nutritional levels,

Enzymatic Digestion in the Rumen

The rumen is not a secreting orgen and the only digestive Jjuice
normally present is saliva.l That the saliva of the ox does not contain
ptyalin was shown by Trautman and Albrechet (120), Antoniani (3) did
not find any evidence of cellobiase in the mucosa of the rumen; yet the
presence of this enzyme was readily demonstrated in the expressed fluid.
He concluded that cellobiase was not exclusively of bacterial origin
but that a part was of vegetative origin, All cellobiase found in the
rumen was of alimentary origin and the optimuam pH for the hydrolysis
of cellulose by it was pH 5,0 which is somewhat below the normal pH of
the rumen, Brown (19) advanced the idea that celluloses in the grains
were of importance in fiber digestion, 7That such cellulases do not

take part in the digestion of fiber was demonstrated by Scheunert and
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Grimmer (105)s Woodman (1@8) found that even if conditions in the
animal body were favorable for the action of plant cytases they did
not take part in fiber digestion,

As the ruminant does not secrete any enzymes which might be
active in the rumen and as enzymes of plants do not find conditions
favorable for their activity, it is logical to conclude that the only

enzymes active in the rumen are those of bacterial origin,

Hydrogen-ion Concentration of the Rumen Contents

The earlier pH values that were reported represented tne rumen
as always being alkaline in reaction., More recent data have not con-
firmed this, however, and the indication is that tne reaction of the
rumen is slightly acid or neutral, Some of the pH values reported in

the literature are summarized in the following table,

pH Values for rumen contents of cattle

Investigators : pH Value : KReference
Schwarz and Gabriel : 8.89 : 109
Schwarz and Stremnitzer s 8.28 : 110
Stalfors : : elways alkaline: 117
Kreipe : 745 = 84,0 66
Knoth H 6,99 : 59
Mangold and Usuelli : Ted = 748 ¢ 78
Monroe and Perkins : 663 = 1,0 : 82
Koffman : 6,0 =~ 8,1 63
Monroe and Perkins : 6e2 = Tod : 83
Kick and co-workers : 565 = TeT = 56

Schwarz and co-workers (109) (110), Stalfors (117), and Kreipe
(66) reported that the reaction of the rumen was always alkaline, As

is readily seen from the above table, however, most investigators give
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a value tending to be neutral or weakly acid. Knoth (59) was the first
investigator to make this observation, He also observed that when the
rumen contents were exposed to the air, carbonic ecid escaped and the
reaction became alkaline (pH 7.82).

Monroe and Perkins (32) studied pH on different rations and found

the following values:

Grain and hay 7,00
Grain, hay and corn silage 6,92
Grain, hay and A, I. V. silage 6698
Grain, A. I. V, silage, and corn silage 6.86

Grain, A. I, V, silage, corn silage and limestone 6,97

Grain and blue grass pasture 6430

Attention is called to the fact that the feeding of acid silage had
little effect on the pH. Kick and co~workers (56) repcrted vari-
ations from pH 5.5 to 7.7, depending upon the ration. When alfalfa
hay alone was fed the ingesta was most alkaline. As the amount of
corn was increased, the reactiocn lowered. Stalfors (117) found the
reacticn was alkaline on rations of hay, straw and oat bran and also
on hay alone, Koffman (63) observed an increase in pH when hay was
fede Soya meal, linseed, maise and crushed oats lowered the pH,and
silage acted as a buffer between the other foods, Mangold and
Usuelli (78), in yitro experiments, added milk and its separate com-
ponents, as well as olive o0il, butyric acid and lactic acid to rumen
contents and observed a drop in pH from 7.5 = 7,8 to 5,9 - 6,1 in
twenty-four to twenty-sight hours. 7This indicates acid formation in

the rumen when milk forms part of the ration, and that the pH of the
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twenty-four to twenty-eight hours, 7his indicates acid formation in

the rumen when milk forms part of the ration, and that tne pH of the
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rumen content of calves is probably distinctly acid,

Diurnal variations were recorded by Kick and co-workers (56) and
the results indicated that such variations were dependert upon the time
of feeding, After the animals were fed the p4 fell for & period of
eight hours, Following the second feeding the ph again fell at a slower
rate for about eight hours. Then it began to rise and reached a pesk
just before feeding in the morning. lonroe and Perkirns (83) studied
variations during the day and found there was an acid trend after feed-
ing in the morning which reached a maximum in three to four hours.
There was then & turn toward alkalinity and the peak was reached Jjust
before feedirg in the evening, This trend held on all the rations
studied except when pasture was included in the ration,

Monroe and Perkins (83) also found the pH to be fairly uniform
throughout the rumen, The variabllity between samples was less than
pH 0.1, In general the posterior region was slightly more alkalire,

In experiments with sheep Ferber (36) observed the pH varied from only
Te6 to 7.7 in different parts of the rumen. The pH of the reticulum
wag T.%.

Joshland (50) observed that bloat may be associated with a de-

crease in the normal acidity of the rumen contents, Koffman (63)

found & low pH value in animals affected with ketosis and suggested

®

relationship between pH and ketosis, Ferber (36) followed the rumen
pH of wethers during six days of starvation and a subsequent feeding
period of fifteen days. The way that the pH of the rumen of the two
wethers stayed together was remarkable, There was Q slight increase
in pH during starvation, but on the sixth day of fasting the lowest

pH values were obtained, Following feeding the pH values gradually
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increased and at the end of the fifteenth day were 8.5 and 8.4, The
normal pH of the rumen of the wethers was 7.6 and 7.5 respectively.
The secretion of salive 1is ccnsidered an important factor in
maintaining the pH of the rumen and counteracting the acidity of fer-
mentation, The salliva of the ox is decidedly alkaline. Schwarz and
Henmann (108) gave a pH value of 7,99 to 8,27, average 8,10 for the
saliva of the cow, Schwarte was quoted by Dukes (28) as finding the
saliva of oxen to have & pH value of 8,23, Workers at Ohio (56) also
found a high value, that is pH 8.4, Smith (115) estirated that the ox
secreted something like 56,000 gm. (about 13 gallons) of saliva in
twenty=-four hours. One can readily see that with such a large amount
of highly alksline solution entering the rumen in a twenty=-four period,
the pH would tend to be fairly well maintained near a neutral reaction,
particularly when the additional buffer action of some feeds is cone
sidered. Kick and co-workers (56) also observed that grinding hay

causes more saliva to be mixed with it,

Rumen Microflora

As ruminants do not secrete any enzymes which might be active in
the rumen and as plant enzymes are not active in this organ, one must
conclude that microorganisms are responsible for the chemical changes
which occur in this large compartment., The rumen with its many gale
lons of water and saliva, a favorable temperature for bacterial growth,
a reaction suitable for the action of numerous organisms, and a large
supply of hay and grain to serve as a medium for such organisms, should
be teeming with enumerable bacteria and infusoria. That this is true

is illustreted by the findings of Mangold (74) who pointed out that of
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the latter type of organism alone, some thirty species were found in
the rumen to the extent of one million per cubic centimeter,

Koffman (62) stated that the temperature of the rumen was 39°C.
By continuous thermo=electric measurements of the rumen contents of
sheep, Krzywanek (68) showed that the rumen temperature was normally
sbout 40,5°C, The consumption of fibrous feeds as hay led to a rise in
temperature while the feeding of watery feeds as roots caused a decided

lowering. This established the rumen temperature as near 40°C,
Cellulose Decompositlon by Bacteria

That fiber may be digested by animals was first observed by
Sprengel (116) in 1832, Somewhat later Haubner (44) showed that cellu-
lose may be digested and utilized by the animel, particularly by
runinants which digested 50 per cent of it, His results were quickly
confirmed by Henneberg and Stohmann (46) who made exact chemical studies,
Armsby (4) pointed out that Widt's inveatigations upon the digestive
process in sheep showed that the solutions of cellulose occurred
chiefly in those portions of the alimentary ocanal where the feed stag-
nates =-- that ig in the rumen of ruminants and in the cecum and colon
of other animals, Popoff (95) demonstrated the formation of methane in
the rumen which was an indication of bacterial fermentation. However,
Armsby refers to Tappeiner as having been the first to demonstrate ex-
perimentally that the disappearance of cellulose in the digestive tract
is effected by a fermentation brought about by microorganisms inhabit=
ing the digestive tract, These findings were confirmed by Kellner (52)
who found that the feeding of straw pulp to cattle resulted in a marked

increase in the amount of methane eliminated. These findings definitely
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established that the disappearance of cellulose was due to fermentation
by mieroorganisms,

The nature of the bacterial flora concerned was carefully in-
vestigated by Ankersmit (2) and Hopffe (47). Omeliansky (91) obtained
two cellulose splitting anaerobes from horse feces, Carbon dioxide and
wvarious organic asids as acetic, butyric, valeric, and higher fatty
acids were formed, and in addition B. fossicularum produced hydrbgen,
and B, methanicus produced methane, Langwell and Lymn (70) found the
products of cellulose fermentation by thermophibic organisms were, in
addition to acetic and butyric acids, lactic acid, ethyl alcchol,
carbon dioxide, methane and hydrogen. Their organisms also attacked
hemicelluloses, Cowles and Rettger (24) observed an anaerobe from horse
feces digested cellulose and produced carbon dioxide and organic aclids.
VYeldhuis and associates (123) recently studied an eanaerobic organism
with an optimum pH of fermentation of 7,2 for acid production and found
the products to be ethyl alcohol (26 per cent), acetic acid (24 per
cent), butyric acid, higher volatile acids, and some non-volatile acids.,
Carbon dioxide, methane, and hydrogen were also present,

Kellerman and McBeth (51) demonstrated that cellulose may be de~
composed under eerobic conditions as well as anaerobis, 7They isolated
36 active species from various sources which rapidly decomposed
cellulose and other carbohydrates with the production of organic acids
but no gas. Scott and associates (111) found the end products of
cellulose fermentation to be acetic acid (45 to 65 per cent), carbon
dioxide and smaller amounts of alcohol, lactic acid, and residual

acids as succinic. Glucose was demonstrated as an end product and in
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one case was equivalent to 20 per cent of the fermented cellulose,
Purification cf the culture increased the production of acetic acid
and non-volatile acids, decreased the production of alcohol and carbon
dioxide, and caused the production of glucose as an end product,

The thermophibic bacteria studied by Viljoen, Fred and Peterson
(124) produced acetic acid, representing up to 50U per cent of the
cellulose destroyed, and small amounts of butyric acid, ethyl alcohol,
carbon dioxide, hydrogen, and a fatty pigment. Frermentation was at
pH 7.6 which approximates the pH of the rumen., Khouvine (54) studied
the digestion of cellulose by the bacteria flora of man. Among the
products of digestion were carbon dioxide, hydrogen, ethyl alcohol,
acetic and butyric acids, and a yellow pigment corresponding to about
60 per cent of the cellulose fermented, Lactic acid was formed in
traces, The digestion occurred at 35 to 51°C, This investigator re-
ported that cellulose fermenting organisms were more efficient when
in assoclatlon with other bacterias. Cellulose digestion was five times
greater in & mixed than in & purified culture, Sanborn (102) demon-
strated that several species of bacteria, themselves not cellulose de-~
stroyers, exerted a stimulating effect upon C. folla both in growth and
in cellulose~decomposing ability,

Lerwynowicz (71) found that amerobic fermentation was very rapid
whereas anerobic fermentation proceeded more slowly. At 379, the
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