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Four methods of incubating rumen fluid for the purpose of studying
cellulose digestion in vitro were examined. Under the conditions used,
it was found that the maximum cellulose digestion and most reproducible
results were obtained when a semipermeable sac was used and the inoculum:
mineral-solution ratio was smwall. When CO, was passed through the fer-
mentation mixture during incubation, the percentage cellulose digested
was slightly lower than when CO, was used very briefly at the start of
the fermentation period. A modification of the "artificial saliva" of
McDougall (1942) was adopted as a source of mineral nutrients.

Cellulose digestion was increased by addition of urea up to 0.1%
when no readily available carbohydrate was added but decreased by addi-
tions of 0.15 or 0.20%. Addition of giucose up to 0.2% did not appreci-
ably affect the amount of cellulose digested,

Addition of large amounts of cobalt (up to 200 ppm.) depressed
cellulose digestion, the amount of depression being greater as the con-
centration of the cobalt increased. Adiition of vitamin Bi2 {up to 50
micrograms per liter) had nc appreciable effect on cellulose digestion.

Inccula obtained from a steer receiving high levels of cobalt had
a decreased ability to digest the cellulose in a wood cellulose,
alfalfa leaf meal and timothy hay when incubated without the addition
of urea. Uhen urea was added before incubation the inoccula hadra
decreased ability to digest the cellulose in the wood cellulose and
timothy hay but the digestion of the cellulcse in alfalfa leaf meal was
essentially unchanged.

A compairison of rates of cellulosc digestion in vitrc showed that



N

the cellulose in alfalfa leaf meal was digested at a relatively greater
rate than the wood cellulose or the cellulose of cotton linters when

compared on the basis of percentage of 24-hour digestion.
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INTRODUCTION

Tre digestive tract of the ruminant is uniquely adapted to the
digestion of fibrous plant material. The key to the ruminant's ability
to divest material which is unavailahle to monogastric animals is its
possession of a fore-stomach or reticulo-rumen. This organ functions as
a large fermentation vat in which a more or less stable microbial popu-
lation attacks ingested food. Products of the microbial action become
available to the animal and in passing alone the digestive tract many of
the microorganisms themselves are digested by the enzymes of the animal.
Consequently, constituents of the feed which would otherwise not be util-
ized by the animal are made available to it. One such constituent is
cellulose,

The importance of understanding the mechanism of the digestion of
cellulose and other materials in the rumen now becomes obvious, Not only
should such an understanding be of great value in choosing the most suit-~
able ration, but it could lead to the modification of some of the proces-
ses to permit more efficient utilization of feed.

The use of fistulated animals has helped considerably in the study
of rumen processes. In vivo studies, however, have been complicated by
the fact that the investipgator has to deal with a dynamic system. There
is the freguent -passare of material out of the reticulo~rumen into the
omasum, the loss of some constituents through the rumen wall, and unless
feeding is carefully controlled, the intermittent introduction of feed,

water, and saliva,
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There has been a tendency in recent yesrs to use in vitro methods
in the study of rumen microorpanisms. This avoids the complications
mentioned above but introduces others, notably the lack of sssurance

that the 1In vitro fermentation simulates that occurring in the rumen.



REVIEW OF THE LITERATURE

Fermentation Methods

Marston (1948) was one of the first to attempt to simulate rumen
conditions in studying cellulose digestion in vitro. In attempting the
experimental imitation of the conditions of the rumen he considered the
low partial pressure of O and the hich COo, tension, the supply of phos-
phate and inorganic nitrogen from the saliva, the buffering capacity of
the saliva, the temperature of approximately 40°C, and the residual con-
tents of the rumen which provide a massive inoculum of organisms already
selected by the environment. In the method used, cellulose prepared from
beech wood or filter paper was suspended in buffer solution and inoculated
with a suspension of rumen microorganisms which had been separated from
3 to 5 liters of rumen fluid. Anaerobic conditions were maintained by
passing ture Np over the fermentation mixture.

Louw et al. (1949) modified the method of Marston (1948) by introduc-
ing the use of a semipermeable bag to permit the diffusion of non-volatile
end products out of the fermentation mixture. He used a large inoculum
(700 ml.) of strained rumen fluid inside the bag with ground filter paper
and buffer, and suspended the bag in a bath of the minersl solution.
Nitrogen containigg 5% of COp was passed over the fermentation mixture
during incubation. The somewhat greater cellulose digestion obtazined with
this method was attributed to the use of the sac.

The method used by Burroughs et al. (1950) was also adapted from that

of Marston ( 194f). The procedure involved the use of a glass fermentation



vessel without any semipermeable bac. Stirrinr and snaerobiosis were
maintained by a stream of CO2 passed through the fermentaticn mixture
during incubation. Generally a serles of incubations was performed, half
the fermentation mixture at the end of each 24-hour incubation period
serving as the inoculum for the succeeding 2/4-hour fermentation.

The method used by Wasserman et al. (1952) combined elements of each
of the methods previously mentioned. The inoculum and cellulose were
suspended in a bath of nutrient mineral solution. CO02 was passed into the
sac and the outer liquid was stirred mechanically during incubation.

In the method of Huhtanen et al. (1954) the size of the apparatus was
considerably reduced, a small semipermeable sac being used within a
A=ounce bottle. No COsz was introduced during fermentation and no mechani-
cal stirrinz was used. This method involves less manipulation than the
methods discussed above and permits the simultaneous incubation of a large
nmumber of samples. ‘

The method of lMeBee (1953) ta%es = somewhat different avproach. Gas
evolution when rumen fluid and cellulose or other substrates were incu-
bated in a Warburg apparatus was measured. The method is hased on the
assumption that the rate of fermentaticn of a substrate is proportional
to the total msctivity of all the organisms in the rumen capable of attack-
ing that substrate. An advantage of this method is the relatively short
time required in vitro, thus increasing the likelihood of results repre-
sentative of rumen fermentaticn,

Henderson et al. (1954) used a simplified method for measuring cell-
ulose digestion. Frozen rumen fluid was blended with a warmed nutrient

solution containing a number of salts and the mixture incubated with



weighed parchment strips. The loss in dry weicht of the parchment strips
was considered to represent cellulose digestion. Tn obtainins the inoculum,
fresh rumen contents were mixed with dry ice. According to the authors
this procedure not only accomplished rapid freezing but maintained anaero-
bic conditions durin= the freezing.

Doetsch et al. (1953) used an approach somewhat similar to that of
lcBee (1953). The inocnlum used was a suspension of washed cells. A
number of substrates were used and the amcunt of gas produced with each
substrate was determined by using a Ysrburg apparatus. Volatile fatty

acids were also determined.

‘lethods for the Determination of Cellulose

The determination of cellulose is complicated by the fact that the
precise structure of the cellulose molecule is not known. It is generally
accepted that the cellulose molecule is a linear polymer of anhydroglucose
units linked through a 1,4-beta-glucosidic linkage, but there is experi-
mental evidence that other linkages may occur. HIoreover, accordir~ to
Pigman and Goepp (1949); it would appear that celluloses from different
sources may have different degrees of polymerization. According to
Norman (1937) the possibility exists that the cellulose chain may include
xylose residues,

Methods for the determination of cellulose fall into two main classes.
In the first of these, the cellulose is hydrolyzed and increase in reduc-
ing power due to the release of the glucose units is determined. These
methods are not applicable to the present study because of the heterogene-

ous nsture of rumen fluid and the probability of the development of inter-

fering substances during the hydrolysis and hence will not he discussed



here, In the second class of determina‘tions, non-cellulosic materials
are removed, leaving a cellulose residue.

None of the methods of cellulose determination is entirely satisg-
factory but there are some in the second class mentioned which give
reproducible results and which are applicable to the type of study
presented here. In the method of Cross and Bevan (1911), the sample is
treated with boiling 1% sodium hydroxide solution followed by alternate
chlorination and boiling with sodium sulfite until there is»no red color
indicative of lignin when sulfite is added. The preliminary treatment
with alkali has been the subject of some criticism and in some later
modifications of the methods this step has been omitted. Norman and
Jenkins (1933) pointed out that the alkali treatment dissolves an appreci-
able portion of the cellulosans. Moreover, a large number of alternate
chlorinations and treatments with sodium sulfite may be necessary to
remove the lignin of some materials. Consequently, these authors elimin-
ated the alkali treatment and used‘sodium hypochlorite solution instead
of gaseous chlorine. Their method involves two treatments with neutral
hypochlorite solution then three or more with acid hypochlorite, each
followed by boiling with sodium sulfite. Matrone et al. (1946) proposed
a modification of this method. They treated the ethanol-benzene-extracted
sample with neutral sodium sulfite, 0.25 normal sodium hydroxide in approx-
imately 60% ethanol, then with neutral sodium hypochlorite solution,

This sequence was repeated using acid sodium hypochlorite instead of the
neutral solution until no test for lignin was obtained on addition of the

sodium sulfite solution.



Ritter and Kurth (1932) described a mettod for the determination of
the total carbohydrate of the extractive-free material by alternate
chlorinations and extraction with alcohol~pyridine solution.

The method of Klirschner and Hanak (1930) consisted of oxidizing the
non-cellulosic constituents of the sample with a mixture of 10 perts of
acetic acid and 1 part of concentrated nitric and washing the residue with
water., Crampton and Maynard (193¢€) used this method. Trey found, however,
that by using alcohol for washing the cellulose they could perform this
step by centrifugation, a modification which considerably facilitated the
washing operation,

The main difference between the results obtained using the NVorman and
Jenkins (1933) method and those obtained using the method of Crampton and
liaynard (193¢) appears to be that the former include cellulcsans. Ferguscn
(1942 us~d both the Noerman and Jenting (1933) and the Kfirschner and tlanak (1930)
method +n determine the cellulnse (as rnercon*toge of Ary mstter) of whent chraw and
wheat straw pulp. With the untreated straw, he obtained values of
54.21% for "crude" cellulose and 25.287 for "true" cellulose using the
Norman and Jenkins (1933) method. The Kurschner and Hanak (1930) method
gave values of 39.45% for "crude" cellulose and 35.00% for "true" cellu-
lose. %When wheat straw pulp was used, 63.87% of "crude" cellulose and
L3,78% of "true" cellulose was found by the Norman and Jenkins (1933)
method while the Kurschner and Hanak (1930) method gave a value of 52,18%
for "crude" cellulose and 43,18% for "true" cellulose.

Druce and Wilcox (1949) suggested a method involving an oxidation
with acid potassium dichromate followed by an alkaline hydrogen peroxide

oxidation. According to HAgglund (1951), however, such a procedure would



be liable to form oxycellulose or other degradation products which weuld

subsequently dissolve in the alkali,

Digestion of Cellulose by the Ruminant

A number of reviews on the subject of ruminant dipestion are avail-
able and the reader is referr~d to pepers by Marston (1939), Goss (1943),
MeAnally and Phillipson (1944), Baker and Harriss (1947), MclNaught and
Smith (1947), Phillipson (1947), Elsden (1948), Owen (1951), Jarrige
(1953), and Huffman (1953) for more detailed information.

There is zbundant evidence that the cellulose digestion accomplished
in the rumen is due to the action of microorganisms. Mangold (1934) and
Marston (1948) have cited some of the earlier work supporting this view.
Baker and Harriss (1947) reviewed the direct microscopic evidence for
the microbiolosical breakdown of cellulcse in the rumen, basing their
evidence largely on the appearance of "corrosion" fipures and enzymatic
cavities in the cellulosic material and on the loss of birefringence
by the cellulose. The in vitro fermentation methods already mentioned
have also contributed strong evidence that the digestion of cellulose in
the rumen is due to the microorganisms present, This positive evidence
together with the failure to detect any cellulase in the digestive
secreticns of mammals and the fact that action of plant cellulases in
the rumen is unlikely, has brought about acceptance of the view that
the digestion of cellulose by ruminants is due to microbial action.

I‘echanism of cellulose breakdown. According to Baker and Narriss

(1947) rumen microorsanisms reach susceptible plant structures by in-
veding the middle lamellea of adjoining cells, penetrating inte the lumen

of fibers, and invading the fractures in the plant material caused by
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prehension and rumination. Disintesration of plant material then takes
place adjacent to the microorranisms with the result that cavities are
formed. At first these cavities generally follow the form of the micro-
organisms but as digestion proceeds, the cavities enlarge and form
"corrosion figures" which lack the birefringence shown by the neighboring
plant material. These "corrosion figures" do not follow the orientation
of the cellulose fibers to the same extent as those produced by fungi
but this may be due to the displacement caused by the rapid growth of
the bacteria. In some of the photomicrographs shown by Bsker and Harriss
the cavities are cutlined by bacteris which appear to be closely associ-
ated with the undisintegrated tissue and this would tend to support the
view held by some workers that cellulase is tightly adsorbed on the sur-
face of the bacterial cell, According to this view, direct contact
between the cell and the cellulose would be required. The appearance of
many of the cavities, however, sugrests the activity of an extracellular
enzyme, This seems the more plausible in view of the suggestion made by
Hungate (1944) that the apparent requirement of close proximity of the
cellulose digesting cell to its éubstrate could be explained by the se-
cretion of an exocellular cellulase. The close association of cell and
substrate would be required for the organisme to benefit from the
breakdown rroducts of the cellulese. He described a cellulolytic

crganism, Clostridium cellobioparus, isolated from the rumen, which was

motile but remained in the cellulose sediment of liquid media until most
of the celluloce was utilized. In any case, there is no doubt that the
degradation of cellulose to diffusible intermediates must take place

outside of the cell.



10

One difficulty in assessing available informetion on the mechanism
of cellulose breakdown is presented by the number of cellulose substrates
that have been used by different workers. These rance from "native"
cellulose to substituted soluble cellulose derivatives. Hermans (1949)
uses the term "native cellulose" to include fiber obtsined from natural
products such as wood and straw "without excessive interference". This
would presumably include materials such as filter psper, mercerized
cotton, or cotton swollen with phosphoric acid. However, there are dif-
ferences between cultivated fibers and those which have received even a
mild chemical treatment. Hermans (1949) points out that mercerizaticn
alters the X-ray pattern of the crystalline portion of cellulose from
that of Cellulose I to that of Cellulose II. According to Walseth
(l948),<xtton linters swollen with phosphoric acid were acted upon much
more rapidly by an enzyme preparation than were dewaxed cotton linters
that had not been trested with phosphoric acid. Reese and Levinson
(1952) found that certain fungi which did not bring about loss in tensile
strength of cotton duck were able to grow in shake flssks containing wcod
cellulose and that the loss in weicht of the wood cellulose far exceeded
the amount of pentosan present. These same organisms could not grocw in
shake flasks containing ground dewaxed cotton fiber, purified cotton
linters, ground duck, cotton linters swollen with 35% sodium hydroxide
solution, or wood cellulose low in pentosan., Consequently, the term
"native cellulose" will be used here to refer to plant cellulose in situ
or cotton linters that have received no chemical +treatment other than
extraction to remove wax.

The form of the crystalline lattice is altered by mercerization.
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Hermans (1949) reported that in some cases even mechanical grinding
causes loss of the crystalline pattern (Cellulose I) which returns in
an altered form (Cellulose II) when the ground material comes into con-
tact with water,

There is also the possibility that even mild chemical treatment
may bring about some chemical chanse in "native" cellulose. Stillings
and Van Nostrand (1944) and Heuser and Chamberlin (1S46) found that
ultraviolet irradiation, even in the absence of oxygen, brought about
a decrease in the degree of polymerization and alpha-cellulose content
of cotton linters, a reaction which was accelerated by the presence of
oxygen. Pigman and Goepp (1948) stated that, in the absence of oxygen,
"native" cellulose may have a degree of polymerizaticn as high as
15,000, It seems quite possible, therefcre, that even mild conditions
for the isolation of cellulose may result in a product somewhat differ-
ent chemically than the original material.

In view of the sbove discussion, some credence can be given to the
tentative scheme for the enzymic breskdown of cellulose advanced by
Siu (1951). He visusalized the first step as the rupture of Van der Waal's
“orces in the amorphous region of the cellulose and of the hydrogen bonds
in the crystalline region.

The next step would be the rupture of the cross linkages which are
assumed to join the linear chains of anhydroglucose units. The supposi-
tion of an exocellular enzyme catalyzing this step leads to difficulty
in conceiving how the organism would immediately benefit from the reac-
tion. However, if the reaction were an oxidative one, energy would be

released and possibly transferred into the cell by some mechanism
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sugrested by the demonstration of dehydrosenases on the surface of
cells by Quastel (1926) and Quastel and Wooldridre (1927).

¥or tre next step, the breakdown of the linear polysaccharide
into unites which can diffuse into the cell, Siu (1951) postulated a

separate enzyme, C_. He reserves the term "cellulase" for the enzyme

X
bringing about the initial change in the "nstive" cellulose molecule.

The postulation of a "C," enzyme is based on the observation made by
Heese et al. (1950) that carboxymethyl cellulose was attacked not only
by filtrates from cellulolytic microorganismg but also by those from
non-cellulolytic fungi. Ability to hydrolyze cellulose was determined
in this work by action of the filtrate on ground, dewaxed cotton
linters.

.According to Siu (1950, 1951) the linear polysaccharide is de-
graded by the Cy enzyme directly into glucose without the formation of
cellobiose as an intermediate product. This view was also held by
Reese et al. (1950). 1In a lster report from the same laboratory,
however, Levinson et al. (1951) stated that cellobiose was the principal
product of cellulose degradation. These workers used glucose oxidase
(notatin) for the determination of glucose and beta-glucosidase follow-
ed by the determination of the glucose formed with glucose aerodehydro-
genase for the estimation of cellobiose. Results were confirmed by
paper-partition chromatography. Cellobicse and pglucose were the only
breakdown products obtained when cellulose or alksli cellulose was the
substrate. When cellulose sodium sulfate was used as the substrate
however, reducing substances which moved mecre slowly on the chromato-

gram were observed., The authors suggest that these slow-moving com-

ponents may be substituted slucese or substituted cellobiose rather
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than cellotriose or cellotetrsaose,

Kitts and Underkofler (1954) studied the prcducts of degrsdation of
carboxymethyl cellulose by extracts of rumen bacteria, using paper chrom-
atography to separate and identify the products. They found that only
glucose was present in the early hours of incubation but that after 20 and
2% hours traces of xylose appeared. The presence of xylose was explained
by the assumption that a small amount of xylan was present in the car-
boxymnethyl cellulose and that the cell-free filtrates used contained an
enzyme capable of hydrolyzing xylan to xylose. Cellobicse was not detec-
ted as a dergradation product of carboxymethyl cellulose. Subsecuent tests
with the cell-free filtrates showed that a cellobiase wss present that degraded
cellobiose to mlucose at a much faster rate than that obtained for the
degradation of carboxvmethyl cellulose.

Reese et al. (1952a) have presented evidence to sup ort the conten-
tion thet cellobiose is the principal product of the action cof the Cy
enzyme unon cellulosic meterials. They found that cellobiose innibited
the hydrolysis of cellulose by the filtrates ~f rost of the organisms
tested. This phenomenon was interpreted as the action of an end product
inhibiting enzymatic activity in a manner similar tc the inhibition of the
hydrolysis of starch alpha-amylase by maltose. ith filtrates from 7 of
the 36 orpanisms tegsted, hydrolysis of carboxymethyl cellulose was stimu-
lated by low concentrations of cellobicse althourh with these filtr=ztes
too, higher concentrations inhibited the hydrolysis. The authors explain
this cbservation by assumins that the Cx enzyme of these filtrates was of
a somewhat different configuration. As a result, the hydrolytic product

(cellobhiose) of the hydrolysis of carboxymethyl cellulose would not be as
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readily removed from the active sites of the enzyme molecule., It was
thought possible that cellobiose, by competing for the same areas, would
aid in the removal of the products. However, this does not explain the
increased stimulation at a lower pH. Hor does the alternative explanation
riven, that of a protective action exerted by cellobiose on the Cy enzyme,
scceunt for the lack of stimulation obtained when unsubstituted celluloses
were used.

Reese and Gilligan (1953) were able to sepsrate Cx enzymes into as
many 2s three components by differential adsorption cnto cellulose and
kaolin. The number of components varied depending uron the species of
microoryanism used and upon the conditions of growth. No conclusion could
be resched as to whether these components represented individual enzymes
or were due to interaction of a single enzyme with other elements of the
system.

The results ohbtained by Thitaker (1953) are not in agreement with
the theory of a multienzyme system for the degsradation of cellulose.

Fhitaker was able to purify the cellulase of Myrothecium verrucaria

by cencentration, precipitotion with ammonium sulfate, fractionation with
ethanol, and precipitation with polymethacrylic acid. The enzyme obtained
in this manner was elsctrophoretically homogeneous at 3 pH's and was also
homogenecus in the ultracentrifuge. lNoreover, when its actlivity toward
untreated cotton linters, swollen cotton linters, cellulose depraded by
acid hydrolysis, carboxymethyl cellulose, and cellobiose was deteormined,
it was found that the enrichment in activity was approximately the same
{or each substrate. Whitaker therefore postulated that cellulolytic

orranisms differ from non-cellulolytic orgenisms, not because they possess
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a C1 enzyme, but hecnuse the cellulase produced by them is capable of
adsorption onto the insoluble substrate while that produced by the non-
cellulolytic orranisms is not capable of this adsorption.

During his work on the purification of the cellulase of Myrothecium

marked stinulation in *he cellulase activity of the enzyme. No stimulation
was observed when cellobiose or carboxymethyl cellulose was used as the
substrate. The extent of stimulation varied with pH but this chance did
not appear to depend on the iscelectric point of the protein., The stimi-
Jation was greater at 279C than at 379C and increased with incressing sub-
strate concentration. An increase in the enzyme concentration decreased
the stimulation by added protein, possibly due to a sparing effect from
the non-cellulase protein present in the enzyme preparation. The author
suzgests that the stimulation by protein is due to its adsorption onto the
substrate.

In a later report from the s2me laboratory, Pasu and “Whitaker (1953)

described the inhibition of the activity of lyrothecium verrucaria cellu-

l2se by various reagents. Reversible inhibition by para-chloromercuriben-
zoate and by salts of heavy metals was interpreted as indicating that thiol
groups were essential for activity. A negative nitroprusside test for
thiols piven by the undenatured enzyme preparation, together with the weak
inhibitory effect of ferricyanide, was ta%en to indicate that essential
thiol groups were of the slugeish type. The inhibition of cellulase
activity by acid dyes at leow pH levels nnd by basic dyes at high pHK levels,
and the gtimulation by basic dyes at low pH levels were attribuled to the

adsorption of the dye onto the suhbstrate. The weak stimilatory effect
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obtained with a protein or with a basic dye when carboxymethyl cellulose
was the substrate was not considered to be contradictory to this view,
gince some binding might be expected by this substrate even though it is
soluble.

Jermyn (1952) found that the culture filtrate from Asper;ilius oryzas

contained enzymes capable of depolymerizing sodium carboxvmethyl cellulose
and of splitting a number of beta-plucosides. It is interesting to note
that whereas Heese et al. (1950) believed that the Cy enzyme was produced
only in response te the rresence of the beta-plucoside linkage, Jermyn
The activities found, however, were much lower with sucrose s the sub-
strate than with sodium carboxymethyl cellulose. The filtrate attacked
sodium cerboxymethyl cellulose and cellodextrin vigorously but there was
little or no attac on native or insclnble derived cellulose. A number of
compounds were examined for inhibition or stimulation of enzyine activity.
Dithionite totally inhibited activity while permanganate gave a four-fold
increase in activity.

In a later paper, Jermyn (1952a), using filter paper electrophoresie,
carboxymethyl cellulose censisted of a nuumber of components. He found that
in the crude enzyme prepnration there were at least 7 components carable of
splitting both simple glucosides and sodium carboxymethyl cellulose. An
eichth component could attack para-nitrophenyl-beta-glucoside but not
sodium carboxymethyl cellulose, Because, with the cne exception, there
seemed to be no qualitative difference hetween the enzymes breaking down

monomeric beta-glucosides and those breaking down polymeric bsta-glucosides,
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he suggested that there is no need to assume the existence of a cellulase

or 2 Cx enzyme to explain the Vreakdown of long chain cellulose deriva-

tives in solution. He also pointed out +tha* neither of the alternatives
suggested by Veibel (1950), a battery of specific beta-glucosidases or a

single non-specific glucosidase, are tenable for A. oryzae.

Later, Jermyn (1953) found that Stachybotrys atra could produce
enzymes which degraded sodium carboxymethyl cellulose even when grown on
media which contained no beta-glucoside. He reported that the produc-
tion of enzyme capable of degrading solium ecarboxymethyl cellulose appar-
ently procceded in bursts, being greatest at or just after germination of
the spores and showing a second increase in production when maximum
mycelial growth was obtained. He suggested that the Cx enzyme, rather
than being wholly adaptive as reported hy Reese et al. (1950), is par-
tially adaptive since large amounts can be produced in the absence of
cellulose derivatives but in general somewhat higher levels are obtained

when cellulose derivatives are present,.

Amount of cellulose digested in the rumen. Hale et al. (1940), by

means of the lignin ratio method, determined rumen digestion coefficients
for alfalfa alone at three different levels., The Crampton and Maynard
(1338) method was used for the determination of cellulose. They found =
rumen digestion coefficient for cellulose of 38.1 when 10 1lb. of alfalfa
hay per day were fed, 38.3 when 20 1lb. were fed and 47.4 when 30 1b, weré
fed. The total apparent cellulose digestion, determined by digestion
trials, was 44.1% at the 10 1lb, level, 51.4% at the 20 1lb. level, and

50.9% at +the 30 1lb. level.
Louw (1941) determined the total apparent direstion of cellulose by

sheep of a mixture of veld grasses after 1, 2, 3 and 4 months of growth,.



18

The Forman and Jenkins (1023) method for cellulose determination was used.
Coefficients of digestibility of "natural" cellulose were 75.0, /8.2, 63.¢,
and 58.1 and of "true'" cellulose were 75.9, £9.1, A/.8, and 60.9 for the
1-, 2-, 3-, and J-month old grass, respectively.

lfeinally (1942) determined the digestibility of the cellulosec of wheat
straw, oa% straw, and filter paper using both in vitro and in vivo mecthods.

The method for the determination and isol-~tion of cellulcae wes that of

Norman and Jenkins (1933). The direstibility in vivo was determined

by placing the samples in small silk sguares tied up with sil» ~nd suspend-
ing ther in the rumen of the sheep. The in viitro experiments were per-
formed by adding strained rumen fluid or strained rumen fluid plus inorgan-
ic salt solution to the cellulosic material. In vivo, wheat straw showed
a cellulose digestion of 20, 36, 36, and 52% in 1, 2, 3, and 4 days,
respectively, oat straw showed a cellulose digestion of 25, 33, 50 and 62%
in 1, 2, 3 and 4 days, respectively, and filter paper showed a cellulose
digestion of 26, 64 and 93% in 1, 2 and 3 days, respectively. In the ex-
periments conducted in vitro, 56 and 100% of the cellulose was digcsted
in 2 and 4 days, respectively, when filter paper was the substrate ond 58 and
874 was digested in 2 and 4 days, respectively, when cellulose isolated
from oat straw was used 3s the substrate, The Jigestibility of the cellulose
in the wheat and oat straws could be increased by pretreatment with
alkali.

Ferguson (1942) conducted digestion trials with sheep to determine
the digestibility of wheat straw and wheat straw pulp. The digestibility
coefficient of crude cellulose was £2.4 for the wheat straw and 27,7 for
the wheat straw pulp, and the digestibility coefficient of "true" cellu-~

lose was 62.1 for wheat straw and 86.7 for wheat straw pulp.
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Gray (1947) determined the cellulcre content of ingesta taken from
successive levels of the alimentary tracts of slaurhtered sheep., Cellu-
lose was determined by the method of Norman and Jenkins (1933). .Approxi-
mately 40% cf the cellulose of the fodder was digested in the rumen. This
emounted to 70% of the cellulose digested in the entire dipestive tract,

L further 17% of the digestible cellulose was digested in the camecum, and
13% was digested in the colon.

Hale et al. (1€47) used the lignin ratic method to determine the rumen
digestion coefficient of cellulose in alfalfa hay. Cellulose was determin-
ed by the method of Crampton and Maynard (193€). For one cow, the rumen
digestion coefficients of cellulose were 12.8 and 43.6 at 6 and 12 hours,
respectively, and the fecal digestion coefficient of cellulose was 63.1.
For ancther cow, the rumen digestion coefficients of cellulose were 39,3
and 42.9 at 14 and 24 hours, respectively. When 8 trials were averaged,
the rumen digestion coefficient of cellulose was 47.1 for 12 to 14 hours
and 43./ when corrected for lignin digestion. The averare fecal digesticn
coefficient of cellulose was 55.0 for these & trials. The results obtained
by these authors indicate that the greater part of the fodder cellulose was
digested in the rumen and in the second 6.hours after ingestion.

Marston (194€) referred to unpublished observations indicatinc that a
digestion mass of approximately 5 liters in the rumen of a sheep fermented
from 400 to 600 g. of mixed carbohydrates, at least half of which was
cellulcse, in & hours.

Umezu et al. (1951) determined the rate of digestion of the cellulose

of filter paper in a four-months-old kid, using the in vive silk bag

method of Heinally (1942). Cellulose was estimated by determinin~ the
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lose in weight gravimetrically after washing with dilute acid, dilute
alkali and then water. This experiment differs from similar in vivo
detcrminations in that a non-fistulated animal was used, the silk bag
being inserted into the rumen through the esophagus. It was found that
approximately 10% of the cellulose of the filter paper was digested in
10 hours, 40% in 15 hours, and 65% in 20 hours. These values are consid-
erably higher than the 26/ digestion of the cellulose of filter paper
which lchAnally (1942) obtained in sheep over a 24-hour pericd using the
silk bag technic,

Rate of cellulose digestion in the rumen. The values given in the

report by McAnally (1942) mentioned above, in which the rate of cellulose
digestion in the rumen of sheep was determined by the silk bag technic,
probably do not represent the actual rate of digestion of cellulose in the
rumen, He found that two days were required to attain a 36% digestion of
the cellulose in wheat straw, a 33% digestion of the cellulose in oat straw,
or a 64% digestion of the cellulose in filter paper. The results given by
Hale et al. (1947), in which 12.8% of the fodder cellulose was digested in
the first 6-hour period, are probably more representative of the actual
rates. Umezu et al. (1951) also found an increased rate of cellulose di-
gestion after filter paper hsd been in the rumen several hours. In the
first 10 hours in the rumen only 10% of the cellulose was digested while
in the second 10 hours an additionz2l 55% was digested,

Hoflund et al. (194f) used the decrease in the breaking strength of
cotton threads suspended in the rumen of sheep to study factors affecting
the rate of cellulose digestion. Determinations of the actual amounts of

celluloce digested in the rumen were not made. They did find, however,
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that uncer the conditions of their experiment the rate of cellulcse di-
gestion in vitro was similar to the rate in vivo.

Balch and Johnson (1950) investipated the rate of cellulcse dizestion
in the rumen by determining the loss in weight of cotton thread. With a
cow on a hay and ccncentrates diet, they found that in the ventral sac
approximately 37% of the cellulose was digested in 2/ hours but that in
the mid-rumen approximately 35 hours were required for the digestion of
this amount of cellulose. In the dorsal ssc approximately 15% was digested
in 70 hours. With a cow on a hay diet they found that in the ventral sac
16 and 637% were digested in 24 and 4€ hours, respectively, in the mid-rumen
€ and 32% in 24 and 48 hours, respectively, and in the dorsal sac 4 and
174 in 24 and 4& hours, respectively.

Miles (1951), using the sillz bag technic to study the direstibility of
alfalfa hay in wvivo, found that apparent digestion of dry matter, cellu-
lose and pentosans was more rapid in the ventral sac than in the dorsal
part of the rumen. Apparent digestion increased rapidly in the periods
through 36 hours, slowly from 36 to 72 hours, and there was no notzble
increase after 72 hours. The dry matter, cellulose and pentosans of beet
pulp were digested the most rapidly, those of alfalfa hay next, and those
of corncobs mich more slowly.

Effect of dry matter concentration on cellulose digestion. Apparently

the percentage of dry matter in the rumen has some effect on the rate of
cellulose digestion. Balch (1950) and Balch and Johnson (1950) showed that
cellulose was digested more rapidly in the more fluid portions of the
ingesta. They found that about 30 hours were required for 50% loss in

weight of cotton thread suspended in the ventral sac where the dry matter



concentration was 5 to 6%. Then the Ary matter concentraticon in the
ventral sac had heen increased to 10% by feeding ground hay, about 50
hours were required to attain a 502 loss in weisht of the cotton thread.

Lffect of soluble carbohydrate on_ cellulose dipestion. Teedins of

lar~e amounts of soluble carbohydrates apparently depresses the disestion
of cellulose in the rumen. Mitchell et al. (194C) found that the addition
of 1200 ¢. of glucose per day to rations of growing Hereford calves decreas-
ed the dipestibility of crude fiber. Hamilton (1942) confirmed this by
adding 150 to 200 g. of glucose to the daily ration of sheep with a re-
sulting depression of the digestibility of crude fiber. Johnson et 2l.
(1942) found that when a ration containing 20% corn molasses plus added
urea was fed to lambs, urea utilization was improved but cellulose diges-
tion was depressed. Swift et al. (1947) found a depression of crude fiber
digestibility when starch or corn sugar was added to raticns of sheep.
Hoflund et al. (1948) found that although large amounts of sucrose added
to the ration of sheep depressed cellulose digestion, the addition of
smaller amounts (1 snd 3%) had a stimulating effect on cellulose digestion.
In vitro experiments showed a stimuleting effect with small amounts of
clucose and a depressing effect when larger amounts were added, In this
case, stimulstlon was obtained when the glucose concentraticn was 0,1 to
0.2%. A glucose goncentration of 0.4 percent had an inhibitory effect on
cellulose digestion. Burroughs et al. (1949) noted a decrease in roughage
dry matter digestion when 2 to 4 lbs. of starch were added to the raticns
of steers in which corncobs or corncobs and limited alfalfa hay made up
the roughage part of the ration. The in vitro experiments performed by

Arias et al. (1951) are in agreement with the results obltained by
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Hoflund et al. (1948). Using an in vitro methcd essentially the same as
that described by Burroughs et al. (1950), Arias and his associates ob-
tained, as an averapge percentare cellulose digestion for three successive
fermentation periods, 48% for cellulose alone, 65% when 0.1 % glucose was
added, 57% when 0.27 glucose was added, and 477 when 0,3% zlucose was
a?ded. The corresponding results for sucrose and starch were 53, 57, A€,
and 47% and 54, 62, 55, and 55%, respectively.

Effect of nitroren source cn cellulose digestion. The literature

pertaining to nitrogen metabolism in the rumen will not be reviewed here
in detail. The reader is referred to the excellent reviews of MeNaught
and Smith (1947) and Reid (1953) for a more general coverase,

Hoflund et al. (1948) found that addition of casein to the ration of
sheep prevented the depressing effect of added readily available carbohy-
drate on cellulose digestion. When the casein was removed from the ration,
cellulose digestion was depressed but could be restored te the oririnal
level by apain adding casein.

Pearson and Smith (1943) showed that there was sufficient urecase
activity in bovine rumen ingesta to convert any amount of urea likely to
be fed, even to a high-yielding cow in lactation, to ammonia in one hour,
_ They suggested that urea is utilized in the rumen by bheing first converted
to ammonia. Later (1943a) they recported that in the presence of 0.27 of
starch, maximum protein synthesis was obtained when the urea nitrogen con-
centration was 0.075 to 0.1¥. The optimum concentraticn Tor cellulose
disestion was not determined,

Hudman and Kunkel (1952) obtained the highest rate of protein synthe-

sis when 0.9% of urea was used with approximately 1% gluccse and 1%
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cellulose. In these experiments also, cellulose digestion was not deter-
mined.

The results obtained by McDonald (1952) with zein and casein indicate
that protein is utilized by bacteria in the rumen b first being converted
into ammonia. He sucgested that the less soluble zein was more efficiently
utilized, since excess ammonia was not formed,

Loosli et al. (1949) showed that essentisl amino acids were synthe-
sized in the rumen of sheep when urea was the main source of nitrogen in
the ration. However, Gall et al. (1951) reported that the number and
kinds of bacteria found in the rumen when this raticn was fed were very
different than those found when a normal raticn was fed.

Burroughs et al. (1950a) obtained an increase in the percentage cellu-
lose digestion when certain cereal grains and protein-rich feeds were pres-
ent in the fermentatics mixture. In a later paper Burrourhs et al. (1951)
showed that addition of casein or gelatin to the fermentation mixture in-
creased cellulose digestion slightly. They suggested that this increase
may be due to minerals in the protein.

Belasco (1954) made a comparative study of different nitrogen com-
pounds as sources of nitrogen for the digesticn of cellulose by rumen mic-
roorgaenisms. An in vitro fermentation method similar to that described by
Burroughs et al. (1950) was used. The amount of each nitrogenous compound
added was chosen so that the amount of nitrogen added was 187 mg. per 900
ml. of fermentation mixture. The urea derivatives nused gave poor cellu-
lose digestion and some were even inhibitory. Of the amides, urea gave
the most cellulose digestion with propionamide civing 927 of the amount

obtained vhen urea was used. Of the amidines, guanidine acetate proved to



be as good a source of nitrogen as urea when judged by cellulose dipestion.
A number of ammcnium salts were also examined. Ammonium alpha-ketoglutarate
and ammonium formate gave slightly higher cellulose digestion than did urea,
while ammonium succinzte and ammonium lactate gave somewhat lower cellulose
digestion. However, all four ammonium salts showed bhetter nitrogsen utiliz-
ation than did urea.

Later, Telasco (1954a) showed that when urea was used as the source
of nitrogen in vitro, a greater percentage cellulose digestion was obtain-
ed than when soybean, cottonseed, linseed or corn gluten meal was used as
the source of nitrogen. He also showed (1954b) trat with urea higher
levels of propionic acid and lower levels of butyric and valeric acids
were {ormed. The levels of acetic acid and total volatile acids were un-
affected by the type of nitrogen source used.

Other factors affecting cellulose digestion. Burroughs et al. (1950)

showed that the addition of autoclaved manure extract or autoclaved rumen
fluid helped to maintain cellulose digestion over successive fermentation
periods., Tuf et al. (1953) reported that a factor or factors occurred in

o
v

several. cf the more common feeds fed to catlle and sheep that stimulated

cellulose digestion in vitro and stimulated appetite and increased live-
weisht gains in lambs. tlanmare extract and yeast were particulsrly rich
sources of the material. The material was Tcund to be heat stable, solu-
ble in water and destroyed by ashinc, It conld be adsorbed on Worite and
eluted with acstone and ethanol.

Bentley et al. (1954), using cells oblained dy centrifucing strained

rumen fluid, found that the addition of autoclaved rumen juice, extracts of

various plant materials, molasses, or yeast extract markedly increased the
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rate of cellulose digestion. RBiotin, vitamin B2, para-aminobenzoic acid,
xanthine, uracil, guanine and adenine improved cellulose digestion bhut not
to the same extent as did runen juice supernatant, water extract of alfalfa,
yeast or molasses., An active substance could be precipitated with lead
acetate, extracted with alecohol, adsorbed on MNorits and eluted with dilute,
aqueons alkali solution, The eluate was less active than the oririnal rumen
liquid,

According to Burroughs et al. (1951a) the cellulolytic orcanisms of
the rumen require sodiun, potassium, calcium, magnesium, iron, phosphorus,
sulfur 2and chlorine in varying amounts. They supg ested that other minerals
also may be required,

Cardon (1953) found that high levels of sodium- chloride had no ef-
fect on cellulose digestion either in vitro or in vivo.

Hunt et al. (1954) reported that inorganic sulfur as Nap80, and
orzanic sulfur as methionine both stimulated cellulose digestion in vitro.
The stimulation obtained from each of these sulfur compounds was substan-
tially the same. A somewhat lower stimulation was obtained when cystine
was used as the sounrce of sulfur and an even lower stimiletion when elemental
sulfur was used. Ethionine had an inhibitory effect.

Bentley et al. (1954a) found thet n-valeric acid, caproic acid,
isobutyric acid or isovaleric acid stimulated cellulose digestion by centri-
fuged rumen microorganisms. Valine, proline or valine plus proline also
had a stimulatory effect.

Bryant and Doetsch (1954) found that 3 micromoles of n-valeric acid

plus 1.5 micromoles of isovaleric acid could replace rumen fluid in permit-

ting good growth of Bacteroides succinogenes.
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Lccording to Brooks et al. (1954), ctilbesterol, estrone or chol-

\Jt

esterol increascd cellulose digestion by ovine rumen microorganisms both
in vive and in vitro, and Brooks et al. (1954a) reported that addition of
corn oil reduced cellulose digestion both in vivo and in vitro.

There is 1little direct evidence relating to the effect of cohalt
on cellulose digestion. Bowstead and Fredeen (1942) found that when cows
being fed urea went off feed, appetite could be restored in some cases by
the addition of cobalt to the diet. Becker and Smith (1951) found that
cobalt-deficient lambs showed a higher apparent coefficient of digestion |
for crude fiber than did cobalt-supplemented lambs. They attributed this
to the lower dry matter intake of the cobalt-deficient lambs. Ruf et al.
(1953) found that the addition of approximately one microgram of vitamin
Bi2 per 100 ml. did not stimulate cellulose digestion in vitro. Mowever,
Bentley et 2l. (1954) reported that vitamin Bjs together with various com-
binations of other B vitamins stimulated cellulose digestion in vitro when
cells centrifuged from rumen fluid were used as the inoculum. Jermyn (1952)
obtained a slight increase in the degradation of sodium carboxymethyl cellu-
lose by unpurified Aspergillus oryzae enzymes when cobalt was added to give

a 10’3 molar concentrastion.



EXPERIMENTAL PART
-_—

SECTION I - PRELIMINARY EXPERIMENTS

The experiments included in this section were undertaken in an
attempt to ascertain some of the factors affzcting in vitro cellulose

digestion. Because the results obtained were affected by the methods

used, it was felt that they should be included in a separate section.

EXPERIMENTAL

Animals used. Inocula for use in these stulies were obtained from

two steers, 707 and 741, and one cow, A-55. Of the steers, 707 was a
four-year old Guernsey and 741 was a four-year old Holstein. The cow was
a Holstein and was nine years old at the time of these experiments. All
three animals had heen fistulated and the fistulae were fitted with screw-
cap lucite plugs similar in construction to the one described by Hentschl
et al. (1954). The plugs used in the steers were somewhat smaller than
the one described.

Collection of gsamples. In experiment No. 2, 3, and 4 the method of

sample collection described by Wasserman et al. (1952) was used. In
later experiments it was found more expedient to use an insulated jug

and to eliminate the passage of CO, thrcugh the rumen fluid during the
collection of the sample. The procedure finally adopted was as follows:-
The insulated jug was pre-warmed by filling it with hot water and allowing
it to stand for half an hour or longer in the laboratory. The water was

then removed and the air flushed out of the jug with CO2. At the barn, a
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large, long-stemmed funnel was inserted into the mouth of the jug. Tnis
served the double purpose of facilitating the introduction of the rumen
fluid into the jug and of reducing the diffusion of COp from the jug. A
su“ficient amount of the rumen contents was then removed from the animal
through the fistula to permit the introduction of a half-pint milk bothtle
into the ventral sac of the rumen. Usually there was enough fluid in the
rumen to fill the bottle rapidly. If the rumen contents were so dry that
this was not the case, the bottle could be filled by holding it in posi-
tion until the next rumen contraction occurred. The rumen fluid was then
squeezed into the insulated jug through one layer of cheesecloth., In
most cases, sufficient fluid was collected to fill the jug, but this did
not appear to be an important factor in the cellulose digestion.

Fermentation procedures. In experiment No. 2, 3, and 4 the method of

Wasserman et al. (1952) was used. The volume of Complex No. 1 used out-
side the sac in each of these experiments was approximately 1800 ml.

In the remainder of the experiments reported in this section the
fermentation procedure used was similar to that described by Huhtanen
et al. (1954). The inocula used consisted of 25 ml. of rumen fluid except
in four cases in experiment No. S-4 where 10 ml, inocula were used in “
order to increase the percent cellulose present in the fermentation mix-
ture. Larger bottles than the prescribed 4~ounce size were used in
experiment No. S-2 to S=7. In subs=zquent experiments the 4-cunce bottles
were used. Complex No. 1 was used for experiment No. S5-2 and S5-3, and
Complex No. 2 for experiment No. S-4 to S-11,

"Vigking" cellulose casingl of 1 inch diameter was used for all

1 obtainable from the Visking Corporation, Chicage, I1l.
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experiments involving the use of the fermentation procedure of Huhtanen
et al. (1954). The substrates used in the experiments described in this
section were Whatman No. 1 filter paper, ground to pass through the medi-
um screen of a Wiley mill, and alfalfa leaf meal.2 The composition of
the mineral mixtures used is shown in Table 1.

Determination of cellulose. Cellulose was determined by the method

of Crampton and Maynard (1938). In the experiments of this section the
mixture from within the sacs was transferred to tared evaporating dishes
of appropriate size and the dry matter determined by drying to constant
weight in a forced air oven at 60°C. In experiment No. 2, 3, and 4 the
dried material was extracted with ethyl ether in a Soxhlet apparatus and
the percentage cellulose determined on the fat;free dry matter. Since the
results are expressed as percentage of the cellulose originally present
that is digested, the calculation on a fat-free basis was considered to be
superfluous and the extraction step was eliminated in subseguent experi-
ments.

As will be shown in Section II, it was later found possible to elim-
inate the dry matter determination thus increasing the reproducibility of

the results and reducing considerably the time required for the analyses.

RESULTS
Table 2 shows the percentage cellulose digested when Complex No, 1
or a solution containing 2.5 g. (NH4)2804 per liter was used outside the

sac. At the beginning of the fermentation period each sac contained

2 Lot No. 28-3WA-131 obtained from the Cerophyl Laboratores Inc.,
2/38 Broadway, Kansas City 10, Missouri.



TABLE 2

COLPUSITICY CT* THE MINERAL MI{TURES USED
I THe FRELIEINARY SXp<1:8H 0S8

Salt Comnlex Mo, 1  Complex No. 2

o e/ e Al
(WH, ) 250, 2.5 2.5
NalipP0y, . 1120 2.5 2.5
NaHCO3 1.4 1.6
MzS0y, . THRC 0.15 0.15
KC1 0.75 0.75
Nas1l 0.30 0.30
CaClp.2H0 0.05 0.01
T'e30,, . THpO 0.002 0.002
CoClp.6Hp0 0.002 0.002
ZnS0y, . 7H20 0.002 0.002
CuS0y, . 5H20 0.001 0.001

MnS0, .Ho0 0.001 0.001
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TABLE 2

THE AMCUNTS OF CELLULOSE DIGESTED WHEN A SOLUTION
OF AMMONIUM SULFATE OR TOMPLEX NOQ. 2
WAS PLACED OUTSIDE OF THE 3SAcl

Experi- Material Cellulose present Cellulose dizested
ment cutside
sac At start At finish
no. g. £e £ 4
2 -1 (NH4)23042 3.724 4 .01 -0.290
2 -2 (NH)28047 3.724, 3.597 0.127 3.4
2 -3 Complex No. 1 3.724 2.005 1.719 4162
2 -4 Complex Yo. 1 3.724 2.30¢8 1.416 38.0
2 -5 Gomplex No. 1 3.724 2.623 1.101 29.6
2 -6 Complex No. 1 3.724 2,229 1.495 40.1
1

Fermentation method - Wasserman et al. (1952)

Inoculum - 200 ml. of strained rumen fluid from cow No. A-55
Substrate - 4 g. ground filter paper

Incubation - 30 hours at 40°C.

2 2.5 g. per liter
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200 ml. of strained rumen fluid from cow No. A-55 and 4 grams of ground
filter paper. Incubation was maintained for 30 hours at 40°C. The per-
centage cellulose digested ranged from 29.6 to 46.2 when complex mineral
solution was used and was either negative or slightly positive when
(NH4)2SOA was used alone.

The effect of adding small amounts of indole-3-acetic acid and the
three related compounds ethyl ester indole-3 acetiec acid, 2-methyl indole-
3-acetic acid, and indole-3-pyruvic acid early in the digestion period is
shown in Table 3, This experiment was similar to the one above except
ground filter paper (3 g.) was used as the substrate. Incubation was
maintained at 40°C for 24 hours and the compounds to be tested were added
within the sac after 2 hours of incubation. The percentage cellulose
digested in the presence of ethyl ester indole-3-acetic acid and of indole-
3-pyruvic acid was 52.7 and 51.3, respectively, as compared to 53.7% and
56.9% for the controls. The percentage cellulose digested in the pres-
ence of indéle-B-acetic acid and of 2-methyl indole~3-acetic acid was
48.5 and 44.2, respectively, slightly lower than the digestion obtained in
the controls. These differences are probably less than the accuracy of
the method.

Table /4 shows the effect of added starch and/or lactose and of dried
corn steep liquor on cellulose digestion. In this experiment, 75 ml. of
strained rumen fluid from cow No. A-55 were added to 213 grams of ground
filter paper in each sac. The test materials were then washed into the
sacs with 75 ml. of distilled water, bringing the total volume within each
gac to 150 ml. The volume within each sac of the controls was also brought

to 150 ml. by adding 75 ml, of distilled water. Complex No. 1 was used
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outside the sacs. Incubation was maintained at 40°C for 28 hcurs. The
percentage cellulose digested in the controls was 39.9 and 48.4. Adiition
of 0.6 grams of lactose depressed the cellulose digestion to 27.7% and
addition of 3 grams of starch or 3 grams of starch plus 0.6 grams of
lactose effectively inhibited cellulose digestion. The value obtained
when C.6 grams of corn steep liquor had been added was 50.1% substantially
the same as in the controls.

The effect of changing the concentration of cobalt in the outer liquid
is shown in Table 5., The bottles used were of 400 ml, capacity except in
the case of S-2-13 where a 625 ml. bottle was used. The purpose of using
the larger bottles was to bring the total cobalt concentration closer to
the amount added, by equilibration across the membrane. The cobalt was
added as a concentrated solution of CoClpy.6H,0. Examination of the percent
cellulose digested when 1 ppm. of cobalt was added reveals a satisfactory
agreement among replicates. In common with later results in this section,
however, *the values obtained were quite low., When 1000 ppm. of cobalt
were added, 7.6% of the cellulose was digested and when 100 ppm. were addsd
10.8% of *he cellulose was digested., This may have been due to precipita-
tion of a large part of the cobalt by the formation of c¢srbonate or of
complexes with the constituents of the outer liquid, since a voluminous
precipitate was observed in these bottles. Addition of 2, 4, and 10 ppm.
of cobalt gaﬁe negative values for percent cellulose digested. Addition
of 0.5 ppm. gave a cellulose digestion of 5.7% and 1.4% was digested when
no addition was maie,

Table é shows the percentage cellulose digested after 4, 8, 12, and

2/, hours incubation at 40°C. In this experiment both ground filter paper



TABLE 5

THE AMOUNTS OF CELLULOSE DIGESTED VHEN DIFFERENT
AMOUNTS OF COBALT WERE ADDEDL

Exper- Cobalt Cellulose present Cellulose digested
iment added At start At finish
no. ppm. g. g. g %
S=2-1 1 0.778¢8 0.7244 0.0544 6.99
S=2=2 1 0.7857 0.7150 0.0707 92.00
S=2«3 1 0.7741 0.7175 0.0566 7.31
S=2-4, 1 0.7753 0.7233 0.0520 6.71
S=2-5 1 0.7692 0.7119 0.0573 7.45
§-2-6 1000 0.7628 0.7048 0.0580 7.60
S=2=7 100 0.7665 0.6835 0.0830 10.83
S-2-8 10 0.7602 0.7874 -0.0272 -3.58
S=2-9 4 0.7627 0.7719 -0.0092 ~1.21
5-2-10 2 0.7933 0.2048 -0.0115 -1.45
S=2-11 0.5 0.7585 0.7153 0,0432 5.70
5=2-12 0 0.7559 0.7450 0.0109 1.44
1 prermentation method - Huhtanen et al. (1954) using 400 ml.
glass bottles for 3-2-1 to S=-2- 11 and a 625 ml. bottle
for 3-2-12

Inoculum - 25 ml. of strained rumen fluid from steer No. 707
Substrate - ground filter paper

Incubaticn - 24 hours at 20°C

Cobalt added as the chloride



3€

TABLE 6

THE AMOUNTS OF CELLULOSE DIGESTED IN DIFFERENT INCUBATION PERIODS!

Experi~ Incuba- Cellulose present Cellulose dipgested
ment tion At start At finish Average
no. hr. 2. . o, A %

Substrate - ground filter paper

S=3-1 4 0.7935 0.7915 0.0020 0.25

S=3-2 4 0.7947 0.7902 0.0045 0.57

5=-3=3 4 0.7965 0.7814% 0.0151 1.90 0.21
S-3-4 8 0.8242 0.7645 0.0597 7.24,

S=3=5 8 0.7924 0.7701 0.0223 2.21

S=3=6 2 0.7913 0.7448 0.0425 5.37 5.14
S-3-7 12 0.7736 0.7438 0.0298 3.85

S=3=8 12 0.8430 0.8301 0.0129 1.53

S=3=10 24 0.8035 0.7560 00,0475 5.91

S=-3=11 24 00,7828 0.7261 0.0567 7.24

S5-3-12 24 0.8127 0.7662 0.0465 5.72 6.29

Substrate = glfglfg leaf megl

S=3«13 A 0,2190 0.2110 0.0080 3.65

S=3-14 4 0.2175 0.2011 0.0164 7 .54

S=3=-15 A 00,2213 0.2180 0.0033 1.49 4L.23
S~3-16 8 0.2252 0.2145 0.0107 4L.T5

S«3-17 8 0.2168 0.1936 0.0232 11.22

S=3=18 8 0.2341 0.2146 0.0195 8.33 8.10
S5=3=-19 12 lost

S=3=20 12 0.2230 0.2062 0.0168 7.53

S5-3-21 12 0.2174 0.1962 0.0212 9.75 8.6/
S-3-22 24 0.2155 0.1724 0.0431 20.00

S=3=23 24 0.2155 0.1672 0.0483 22.41

S=3-24 24 0,2157 0.1740 0.0417 19.33 20.58

1 PFermentation method - Huhtanen et al. (1954) using 8-ounce bottles
Inoculum - 25 ml. of strained rumen fluid from steer No. 707

Incubation - at A0°C.



and ground alfalfa leaf meal were used as substrates. ™ith ground filter
paper a8 the substrate, the percentage cellulose digested in 24 hours was
approximately 20% great-r than the percentage digested in 8 hours. Vhen
alfalfa leaf meal was used as the substrate, the corresponding difference
was 60%. Moreover, when the percentage cellulose digested at the end of
each incubation period using alfalfa leaf meal as the substrate is compared
with the corresponding value for the filter paper substrate, it can be seen
that the alfalfa leaf meal gave a higher percentage digestion. This may
indicate that the alfalfa leaf meal cellulose was more easily digested or
that the alfalfa leaf meal supplied some factor that was lacking in the
filter paper.

Experiment No, S-7 was designed to determine whether centrifuging the
inoculum would improve agreement among replicates. The centrifugsd inocu-
lum was obtained b, centrifuging strained rumen fluid from steer No. 741
at approximately 1500 rpm. for 10 minutes. This operation was performed
in a walk-in incubator to avoid cooling the sample. A compact layer of
plant material separated out with a thin, white layer immediately above
it. The white layer was mixed with the turbid supernatant liquid by gentle
swirling without visibly disturbing the compact bottom layer. Ten repli-
cates using the centrifuged inoculum and ten replicates using the uncent-
rifuged inoculum were incubated at 40°C for 24 hours with the results
shown in Table 7. Ground filter paper was us~d as the substrate., The
centrifuged inoculum gave the better agreement ameng replicates but the
percentage cellulose digested was somewhat lower than “hat obtained using
+he uncentrifuged inoculum. The replicates inoculated with the centri-

fuged rumen fluid averaged 7.8% cellulose digested with a range from
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TABLE 7

THE EFTECT OF CENTRIFUGED AND UNCENTRIFUGED
INOCULA ON CELLULOSE DIGESTIONL

Experi- Cellulose present Cellulose digested
ment At start At finish
no. g. g. g %

Centrifuged inoculum

S=7-1 0.3815 0.3612 0.0203 5.32
S=7=2 0.3723 0.3404 0.0319 8.57
S=7=3 0.3762 0.3486 0.0276 7.34
S=T=4 0.3884 0.3682 0.0202 5.20
S=7-5 0.3819 0.3493 0.0326 8.54
S=7=6 0.3734 0.3415 0.0319 8.54
S-7-8 0.3710 0.3417 0.0293 7.90
S«7-9 0.3718 0.3427 0.0291 7.83
S=-7-10 0.3694 0.3371 0.0323 8.74

Average 7.77

Uncentrifuged inoculum

S=7-11 0.3894 0.3527 0.0367 9.42
S=7-12 0.3890 0.3405 0.0485 12.47
S=-7-13 0.3926 0.3554 0.0372 9.48
S=T7=14 0.4082 0.3720 0.0362 8.87
S=7-15 0.3878 0.3438 0.0440 11.35
S=-7-16 0.3928 0.3204 0.0720 18.43
S=-7-18 0.3867 0.3571 0.0296 7.65
S=7=19 0.3867 0.3446 0.0421 10.89
S=7=20 0.3881 0.3549 0.0332 8.55

Average 10.88

1 permentation procedure - Huhtanen et gl. (1954)
using 8-ounce bottles
Inoculum - 25 ml. of centrifuged or uncentrifuged
rumen fluid from steer No. 741
Substrate - ground filter paper
Tneubation - 24 hours at 40°C
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5.2 to 8.79. Those inoculated with uncentrifuged rumen fluid averaged
10.9% with a range from 7.7 to 18.4%. .

Tables 8, 9, and 10 show *he effect of changing the ratioc of the sub-
s*tra*te to the inoculum on the percentage cellulose digested. In these
experiments 8-ounce bottles were used. In Table & the percentage cellu-
lose digested when two Ai“ferent substrates were used is shown. The
inoculum was uncentrifuged rumen fluid from stser No. 741. "hen ground
filter paper was used as the substrate no appreciable difference in cellu-
lose digestion was obtained, Tris may have been due to the high propor-
tion of cellulose in the fermentation mixture, since ‘the percentage
cellulose present at the start of the incubation period ranged from 7.6
to 0.7%.

The results obtained in experiment No. S-8 are shown in Tabls 9.

This experiment was ess=ntially a repetition of experiment No. S-4 with
ground filter paper as the only substrate and using both centrifuged and
uncentrifuged inocula. The percentage cellulose present at the start of
the incubation was lower than in experiment S-4 and ranged from 0,22 to
2.9% for the centrifuged inoculum and from 0.25 to 3.2% for the uncentri-
fuged inoeculum. Differences betwesen duplicates were considerable, partie-
ularly with the uncentrifuged inoculum.

Experiment No., S-9 was a repetition of the above experiment with the
difference that alfalfa leaf meal was ugsed as the substrate. Both centri-
fuged and uncentrifuged rumen fluid were used as inocula. The results
obtained are shown in Table 10. The cellulose present in the fermentation
mixture at the start of the incubation period ranged from 0.24 to 0.79%

for the centrifuged inoculum and from 0.23 to 0.76% for the uncentrifuged
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TABLE 8

THE EFFECT OF CHANGINC THE RATIO OF SUBSTRATE TO
INOCULUM ON CELLULOSE DIGESTIOW

Experi~ Cellulose present | Cellulose digested
ment At start At finish Average
no. g. g. . % %

Substrate - ground filter paper

S=4-1 0.7492 .0.6855 0.0637 8.38

Sef=2 0.7604 0.6938 0.0666 8.76 8.57
S=4=3 0.7587 0.6832 0.0755 9.95
S<4=4 0.7577 0.7128 0.0449 5.93 7.94
S=~4=-5 0.3756 0.3598 0.0158 4.21
Sel=6 0.3804 0.3617 0.0187 4.92 457
S=/=7 0.1912 0.1804 0.0104 5.44
S=/=8 0.1889 0.1729 0.0160 8.47 6.96

Substrate - 8lfslfa leaf meal

S=/=9 0.1841 0.1925 =0.0084
S=4=10 0.1830 0.2052 =0,0222

S-4-11°  0.2014
S-4-12  0.1831 0.1616  0.0215 = 11.74

Sef=13 0.0922 0.0727 0.0195 21.15
Se=b=14 0.0915 0.0691 0.0224 24..48 22.82

S=4~15 0.0555 0.0387 -« 0.0168 30.27

1 rFermentation procedure - Fuhtanen et al. (1954) using
8-ounce bottles
Tnoculum = 25 ml. of strained rumen fluid from steer
No. 741 except in the case of S=4~1, S=4=2, S=4-9,
and S=4-10, each of which received 10 ml.
Incubation - 24 hours at 40°C

2 Oxidation with nitric and acetic acids not complete



TABLE 9

EFFiiCT OF CHANGING THE RATIC OF SUBSTRATE TO
INOCULUM ON CELLULOSE DIGESTIONY

Experi- Cellulose present Cellulose digested
ment At start At finish

no. g g g. %

Centrifuzed inoculum
S-8-1 0.0542 0.0572 -0.0030 -5.54
S=8=2 0.0550 0.0540 0.0010 1.82
S-8-3 0.1100 0.1081 0.0019 1.73
S=8=/ 0.1070 0.1044 0.0026 2..3
S=8=5 0.1860 0.1726 0.0134 7.20
S=8-6 0.1799 0.1682 0.0117 6.50
S=-8~7 0.2646 0.3312 0.0334 9.16
S=2-8 0.3628 0.3743 -0,0105 -2.89
S-8-9 0.5435 0.5255 0.0180 3.31
S«8-10 0.5384 0.4663 0.0721 13.39
S-8-11 0.7280 0.6379 0.0901 12.38
S=8-12 0.7241 0.6841 0.0400 5.52
Uncentrifuged inoculum

S=8-13 0.0613 0.0715 -0.0102 =-16.6/
S=8=1/4 0.0623 0.0663 -0,0040 -6.42
S-8-15 0.1210 0.1109 0.0101 g8.35
S-8=16 0.1293 0.1232 0.0041 3.17
S=-8-17 0.2123 0.1984 0.0139 6.55
5=8-18 0.2029 0.1796 0.0233 11.48
5=-8-19 0.4037 0.3602 C.0435 10.78
S=8=20 0.4027 0.3676 0.0451 10.93
Smf=21 0.6014 0.5259 0.07§5 12.55
S=8-23 0.8093 0.6909 0.118/ 14.63
S=B=2/ 0.8045 0.7116 0.0929 11.55

1 Fermentation procedure - Huhtanen et al. (1954)
Inoculum - 25 ml. of centrifuged or uncentrifuged
runen fluid from steer No. 741
Substrate - ground filter paper
Incubation - 24 hours at 40°C
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TABLE 10

EFFECT OF CHANGING THE RATIO OF SUBSTRATE TO
INOCULUM ON CELLULOSE DIGESTION1

Experi- (Cellulose present Cellulose'digested
ment At start At finish Average
no. Ee ge. Ee %

Centrifuged inoculum

S=-9-1 0.0601 0.0456 0.0145 24.13
S-9=2 0.0606 0.0466 0.0140 23.10
S=9-3 0.0607 0.0449 0.0158 26,03 2/ A2

S=-9-4 0.0991 0.0685 0.0306 30.88
S-9-5 0.0996 0.0721 0.0265 26.61 28.75

S=9=6 0.1583 0.1229 0.0354 22.36
| S=9=7 0.1578 0.1160 0.0418 26.49 24.43

S=9-8 0.1983 0.1512 0.0471 23.75
S=9-9 0.1985 0.1606 0.0379 19.09 21.42

OUncentrifuged inoculum

5-9-11 0.0575 0.0470 0.0105 18.26
S=9-12 0.0574 0.0516 0.0058 10.10 9.39

S=9~-13 0.0956 0.0764 0.0192 20.08
S-9-14 0.0953 0.0761 0.0192 20.15 20.12

S5=9-15 0.1524 0.1200 0.0324 21.26

S-9-16 0.1522 0.1142 0.0380 24..97 23.12
: »

S=9-17 0.1910 0.1596 0.0314 16.44

S=9-18 0.1907 0.1616 0.0291 15.26 15.85

1 Fermentation procedure - Huhtanen et al. (1954)
Inoculum - 25 ml. of centrifuged or uncentrifuged
rumen £luid from steer WNo. 741
Substrate -~ alfalfa leaf meal
Incubation - 24 hours at 40°C
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inoculum. No consistent difference in the percentage cellulose digested
vag observed.

In Table 11 the results of a re-examination of the effect of differ-
ent cobzlt concentrations are presented, It had been found that by
thoroughly gassing Complex No. 2 with COp before the addition of the cobalt
stock solution as much as 20C ppm. of the ccbalt could be held in solution
as judged by visusl examination. Consequently, the quantities of stock
solution were chos=n so as to give a range of cobalt added from 2 to
200 ppm. The salt used was C0012.6H2O. Both centrifuged and uncentrifﬁged
inocula were used. Incubation with the centrifuged inoculum showed little
variation with the change in cobalt concentraticn. ™hen the uncentrifupged
inoculum was used, however, the percentare cellulose digested in the

presence'of 200 ppm. and 100 ppm. was negative or slightly positive.
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TABLE 11

THE EFFACT OF ADDED COBALT CN CELLULO"E DIGESTION’

Experi- Cobalt Cellulose present Cellulose digested

ment added At start At finish Average
no., ppa. £. g. g. % %

Centrifuged inoculum

S=10-1 200 0.4786 0.4588 0.0198 ARV

S=10-2 200 0.4952 0.4785 0.0167 3.37 3.76

S=10=3 100 0.4749 0.4600 0.0149 3,14

S=10-4 100 0.4923 0.4812 0.0111. 2.25 2.65

S=10=-5 50 04874 0.4698 0,0176 3.61

S=10-6 50 0.4949 0.4921 0.,0028 0.57 2.09

S=10=-7 25 0..L80/ 0.4671 0.0133 2.77

S=10-8 25 0.4819 0.4587 0.0232 4.21 2.79

S=10-¢ 10 0.4831 0.4705 0.0126 2.61

5«10-10 10 0.4873 0.4618 0.0255 5,22 3.92

S-10-11 2 0.4772 0.45%99 0.01732 3.63

S=10-12 2 00,5113 0.4822 0.0221 £.69 4 .66

Uncentrifuged inoculum

S=10-12 200 0.5112 0.5062 0.0050 0.9¢

S=10-14 200 0.5350 0.5352 -0,.0002 -0.04 0.47

S=10=15 100 C.5125 0.5390 -0.0265 -5.17

8=-10-16 100 0.5050 0.4814 0.0236 4 .67 -0.25

S=10-17 50 0.5112 0.4830 0.0282 5.52

S=10-18 50 0.5106 0.4789 0.0317 6,21 5,87

S=10-19 25 0.5102 0.4666 0.0755 14.80

5-10-20 25 0.5131 0.4814 0.031% 6.18 10,49

8-10-21 10 0.5216 0.4976 0.0240 4 .60

S=10=-22 1C 0.5064, 0.5094 -0,0030 ~-C.59 2,01

S=10=-23 2 0.5204 0.494L0 0.026/ 5.07

S=-10=-2/ 2 0.5180 0.4697 0.0483 9.32 7.20

1 Fermentation procedure - Huhtanen et al. (1954)
Inoculum - 25 ml. centrifuged or uncentrifuged rumen fluid
from steer No. 741
Substrate - ground filter paper
Incubation - 24 hours at 40°C
Cobalt added as the chloride



SECTION II - EXAMINATION CF THE METHODS

The results obtained in the preliminary experiments (Section I) are
subject to two obvious critiecisms. TFirst, the analytical procedure, in
which the percentage cellulose was based on dry matter, involved tooc many
manipulations which contributed tc the inaccuracy of the results. The
substrate was weighed intc the sacs as a dry sample, necessitating the
use of separately weighed samples as controls, and the possibility of
differences in mixing affecting the percentage cellulogse digested must be
added to the likelihood of variation in ccmposition and of inaccuracy in
weighing and transferring associated with small samples. The transfers
involved in the dry matter determination contributed to the inaccuracy of
the method and the hygroscopic nature of the dried fermentation mixture
made accurate weighing difficult., Moreover, the possibility existed that
unequal loss of non-cellulosic constituents from the fermentation mixture
during the drying process may have increased the error. The negative values
for percentage cellulose digested which were obtained in some cases
strengthen the possibility that there was greater loss from the fermented
samples than from the unfermented controls.

The second criticism is that the percentage cellulose digested when
the fermentation procedure of Huhtanen et al. (1954) was used was very
low. This would indicate that optimum or even good conditions for cellu-
lose digestion were not attained. The possibility existed, therefore, that
digestion might be limited by some deficiency in the method in such a way

as to conceal or distort the effect of the factors being studied on cellu-

lose digestion.
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The object of the experiments reported in this section was the reduc-
tion of the analytical error and the attainment of a fermentation procedure

which would result in satisfactory digestion of the cellulose.

EXPERIMFNTAL
The inocula for the experiments reported in this section were ob-
tained from steer No. 741 and from cow No. 4-55. The method cof collecting
samples wag the same as that used in Section I. The substrates used were
Solka—Flocl, Whatman No, 1 filter paper ground to pass through the medium

screen of a Wiley mill, and alfalfa leaf meal?.

Fermentation procedures. The method used for experiment No. B-1,
B~-8, B~18, and B-20 was similar to the one described by Burroughs et al.
(1950). Brown glass reagent bottles of 625 ml, capacity were used. In
experiment B-1 the substrate and the complex mineral solution were intro-
duced and the volume adjusted to 21C ml. The bottles were placed in a
water bath at 40°C. and COp was bubbled through while the inoculum was
being obtained. Sufficient rumen fluid was added to bring the volume in
the bottles to 350 ml, Samples for cellulose determinations were removed
by means of a 25 ml, pipette while the mixture was being stirred vigorously
with CO5. The passage of C(Up was then continued at a much slower rate
while the mixtures were beinr incubated at 40°C. for 24 hours. At the end
of this period the rate of CO, passage was again increased andi 25 ml.

portions removed for cellulose determination. A 350 ml. portion of the

1 A wood cellulose product manufactured by the Brown Company, Berlin,
New Hampshire.

2 Lot No. 28-3MA-131, obtained from the Cerophyl Laboratories Inc.,
2,38 Broadway, Kansas City 10, Missouri.
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remainder was added to another 625 ml. bottle containing approximately one
gram of grcund filter paper and the required volume of mineral solutiocon
which had been brought to 210 ml. by the addition of distilled water.
Samples were then talen for the determination of the cellulose present at
the start of the second period. In this way, fermentation was continued
for three successive periods. In the other experiments reported in this
section, fermentation was limited to one 24-hour period.

The concentrations of the different salts present in the fermentation
mixture when the various mineral solutions were used in experiment No. B-1
are shown in Table 16. These concentrations do not take into account the
salts already present in the rumen fluid.

In experiment No. B=-8 the fermentation procedure was similar to that
described above, except that 350 ml. of complex mineral solution and 200 ml.
of rumen fluid were used. In experiment No. B-18 and B-20, 200 ml. portions
of mineral solution and of rumén fluid were used. The mineral solution
used in these three experimenits contained the ingredients suggested by
McDougall (1948) but at one-half the concentrations given and with the
following additional salts per liter:- FeS0,.7H50, 40 mg.; CoClg.éHZO, 2mg.;
ZnSOA.7H20, 2 mg.; CuSOA.5H20, 1l mg.; MnSOA.Hzo, 1 mg.

In experiment No, S-16 and S-23, no sacs were used and incubation was
conducted in 2-ounce, brown glass reagent bottles using 25 ml. of rumen
fluid as the inoculum. When mineral solution was used, it was evaporated to
dryness at 105°C in the bottles in which the fermentation was to take place,
in order to avoid any effects caused by dilution of the inoculum.

In experiment No., S-24 and $-37, the fermentation procedure was similar

to that of Huhtanen et al (1954) except that bottles of different sizes
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were used in order %to test the effect of changing the ratio of the volume

of the inoculum to *hat of the outer liquid. The mineral mixture used was
the modification of the "artificial saliva" of MeDougall (1948) described

earlier in this section. This solution was also used in experiment No. 8

and 5-15 and for the controls in experiment No. S-19.

In experiment No. & the fermentation procedure of Tasserman et al.
(1952) was used along with modifications permitting the passage of COp
into the outer liquid or eliminating altogether the passage of CO, during
the fermentation. No mechanical stirring was used for these modifications.

The fermentation procedure of Huhtanen et al (1954) was used for
experiment No. S$-5, S-6, S=15 and S-19. The mineral solution used in
experiment No. S-5 and S-6 was Complex No. 2 with the (NHA)2SOA omitted.

The following procedure was used for inoculation in those experiments
in which sacs were used:-

Sufficient substrate to give a final concentration of approximately
one percent was added to & brown glass bottle of the appropriate size.

The required amount of strained rumen fluid was added and CO, bubhled
through the mixture until the substrate appeared to be uniformly distrib-
uted throughout. While the mixture was being stirred vigorously with C02,
25 ml. portions were pipetted into the sacs or fermentation bottles.
Samples were also taken at this time for the determination of cellulose
in order to ascertain row much cellulose was present at the start of the
fermentation. The pipette used for sampling was one from which the fine
point had been removed so that it could be filled and emptied rapidly.

As soon as each sac was filled it was placed in its bottle which had been

standing in a water bath at 40°C and already contained the mineral
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solution which had been gassed with CO5. The bo*ttle was capped tightly
and replaced in the water bath where it was held until inoculation rad
been completed for the whole experiment., A1) the bothles were then
placed in an incubator at 39°C., At the end of the incubation period the
conten’s of each sac were wnshed into a beaker or a centrifuge bottle for
the cellulnse determination,

Determination of cellulose. Since *he Druce anml Wilcox (1947)

method of determining cellulose has been reported to give a product com-
posed mainly of hexosan, it was compared with the Crampton and Vaynard
(1938) method. The results obtained did not appear tc justify further
work on the Druce and Wilcox method and subsequent experiments were there-
fore directed toward devising a satisfactory modification of the Crampton
and Maynard method.

The Crampton and Maynard (1938) method of determining cellulose re-
quires a one-gram, air-dry sample. Hence the caléulations must be based
on a dry matter determination with its concomitant disadvantages discussed
earlier in this section. Moreover, the use of a one-gram sample of filter
paper or Solka-Floc frequently results in serious bumping. For these
reasons, and also to eliminate the use of a reflux condenser and round-
bottom flask for the acid digestion, the following procedure was used:-

A 25 ml. sample of the fermentation mixture was evaporated to dry-
ness in a 250 ml. centrifuge bottle and the residue digested with the
acid mivture in this same bottle by placing it on a hot plate for 23 min-
utes. A microscope glide was added to prevent bumping which was usuvally
not sericus unless the amount of cellulose present in the sample was over

0.2 gram, In the earlier experiments the sample was evaporated to dryness
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on a hot plate, a stream of air being drawn from the bottle by suction
during the drying process. Because of the loss experienced from over-
heating when this method was used, the bottle containing the wet sample
was placed in a constant temperature oven at 105°C overnight in later
experiments. It was found that when this method was used, evapofation
tock place too slowly because of the height of the centrifuge bottles.
Consequently, in the method finally adopted, the 25 ml. sample was placed
in a 50 or 100 ml. beaker, dried at 105°C overnight, then refluxed with
the acid mixture by using a round-bottom flask filled with cold water to
cover the beaker while it was being heated on the hot plate,

To ascertain the reproducibility of the results obtained when the
samples for the determination of cellulose were pipetted from a suspension
as described above, approximately 5 grams of Solka-Floc were weighed and
transferred to a 625 ml. bottle, A 550 ml. portion of Complex No., 2 was
aided, CO, bubbled through the mixture, and twelve successive 25 ml.
samples pipetted into centrifuge bottles for cellulose determinations. In
another experiment 5 grams of Solka-Floc were weighed and transferred fo a
625 ml. bottle, 350 ml., of Complex No, 2 plus 200 ml. of rumen fluid added,

and twelve successive 25 ml. samples obtained as before.

RESULTS

Determination of cellulose. The comparison of the Crampton and

Maynard (1938) and the Druce and Vilcox (1949) methods of cellulose deter-
mination gave the results shown in Table 12. It can be seen that the Druce
and Wilcox method gave a much lower value for the percentage cellulose.
This may have been due, at least in part, to unfamiliarity with the method,

The filtrations involved were generally slow,
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TABLE 12

THE PERCENTAGE CELLULOSE IN TWC IAYS AND IN FIITER PAPER
AS DETLRLINED BY TWO DIINFERENT METHCDS

Methed of
Material Crampton and Mavnardl Druce snd Wilcox<
Repli- Aver- Repli- Aver-
cates age cates age
% % % %
Hay Mo. K=2 21.18 19.0
Hay Mo. K-2 21.11 2).15 19.3 19.15
Hay Yo. K-3  26.70 1£.2
Hay No. K-3 26.67 26,69 18.2 18.25
Filter gg.2 43,5
paper
Filter eg.7 44,9
paper
Filter 89.7 ge.,9 45.5 4L .6
paper

1 J. Nutrition 15, 383 - 395, 193¢

2 Jour. Agric. Sei. 39, Part 2, 145 - 152, 194
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Table 13 shows the results of +the experiments to test the reproduci-
bility of the method of sampling. Teplicate 25 ml. samples were pipetted
from the fermentation mixture while it was being stirred with a stream of
CO, as previously described. The results shown include any error due to
the method of cellulose determina*ion as well as tha* due to sampling.
Since the method of cellulose determination used here was the one described
previously in which centrifuge beottles were used, results from the controls
of later exper'mesnts wvhere beakers wcre used in the analysis are also in-
cluded in the table. In experiment No, C-47 the average amount of cellu-~
lose per 25 ml. sample was 211.6 mg., with a range from 194.1 to 225.5 mg.
The standard deviation was 8.9 mg. and the 5% fiducial limits 206.0 to
217.2 mg. In experiment No., C-48 *the average amount of cellulose per 25 ml.
sample was 196.2 mg., with a range from 182.4 to 21€.0 mg. The standard
deviation was 6.8 mg. and the 5% fiducial limits 191.9 to 200.5 mg. The
results shown for the examples taken from experiment No., S-25 and S-30
indicate that the method finally adopted had a somewhat greater accuracy.
This was probably due to the fact that overheating was avoided by evapora-
tion in the oven, very little vapor was lost during refluxing, and bumping
could be avoided when breakers were used. The controls from S-25 gave an
average of 272.3 mg. of cellulose per 25 ml. sample, and ranged from 268.1
to 276.5 mg. The standard deviation was 2.7 mg. and the 54 fiducial limits
were 270.3 and 274.3 mg.

Alfalfa leaf meal was used in experiment No. S-30. When the controls
from this experiment were analysed, an average of 242.4 mg. of cellulose
per 25 ml. was obtained and the range was from 239.1 to 246.7 mg. The

gtandard deviation was 2.6 mg. and the 54 fiducial limits were 240.5 and

244, .3 mg.
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TABLE 13

THE AMCUNTS OF CELLULOSE FOUIID IN SUCCESSIVE
ALIQUOTS FROM THE SAME SUSPENSION

Experi- Cellulcse Exreri- Cellulose
ment ] ment, L
no. me. no. me .
Solka-Floc Alfals'a leaf meal
C=47-1 225.5 5=30-0-1 46,7
C=47=2 219.7 $=30-0-2 239.1
C=47-2 209.0 5=20~-0-3 42 .2
C=47=4 222.0 S=30-0-~4 203 .4
C=47-5 217.6 5~20-0-5 240.4
C=47-6 1C4.1 $=20-0-6 2L2.5
C-47-7 206,2 Average 2424
C-47-8 216.5
C-47-9 209.4
C=47-10 208.0 Pith from bagasse
C=-47-11 206.3
C=47-12 204.3 S5=35-0-13 111.4
Average 211.6 S=35-0-14 114.2
S=35-0-15 113,9
C=-48-1 197.4 Averagpe 113.2
C=-42-2 191.,0
0-48-3 193 09
C=48-4 201.7 Extracted cotion
C-48~-5 108.4 linters
C-48-6 192.9
C-48=7 182.4 S=324=-0-7 247 .4
C-48-8 199.3 S5-34-0-8 24/..9
C-48-9 196.1 5=24-0-0 244.0
C-48-10 216.0 Average 245.4
C-48-11 190.7
C=-,8-12 194.4
Average 196.2 Untreated cotton
linters
S- 25-0 1 271.0
§=-25-0 272.2 S=24-0-4 231.0
S=-25- O 3 276.5 5=24-0-5 2347
S=25-0-4 268.1 S=34-0-6 236.9
8=25-0-5 273.2 Average 234.2

$=25-0-6 272.8
Average 272.3
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Results from some of the controls used in experiment No. S-34 and S-35
are shown to illustrate the repeatability of the determination when other
substrates were used. Since only three replicates were used, no statigti-
cal treatment was attempted. It can be sgeen, 'owever, that although
suspensions of pith or cotton linters are difficult to sample, satisfactory
agreement among replicates was obtained.

Effect of cysteine,HCl andi godium thioglycollate with Complex No. 2,

Quastel and Stephenson (1926a) found that cysteine and other -SH com-
pounds could be used to lower the oxidation-reduction potential of media in
order to facilitate the growth of anaerobic organisms. To test the possi-
bility that the poor cellulose digestion heretofore obtained in the evperi-
ments in which the fermentation procedure of Huhtanen et al, (1954) was
used was due to lgck of anaerobic conditions, cysteine hydrochloride cor
gsodium thiocglycollate was added to the Complex No. 2 used outside the sac.
The results obtained using filter paper as the substrate are shown in
Table 14. The average cellulose digestion in the controls was 5.2%. When
cysteine hydrochloride or sodium thioglycollate was added to the outer
liquid, the percentage cellulose digested was 3.9 and 3.0 respectively.
When (NH4)2804 was omitted from the mineral solution, only 1.8% of the
cellulose was digested.

Table 15 shows the effect of changing the concentration of (NHA)‘?‘SO4
in the mineral solution and of adding cysteine hydrochloride or sodium
thioglycollate when the substrate was alfalfa leaf meal, On the assumption
that the alfalfa leaf meal might provide sufficient readily available
nitrogen, (NHA)ZSOA was omitted from the complex when cysteine hydrochlor-

ide or sodium thioglycollate was added. The results indicated that added
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nitrogen was required, since in the absence of added nitrogen onrly 5% of
the cellulose was digested as compared to 24.1% for the highest level of
added nitrogen. However, when cysteine hydrochloride was added in the
absence of (NH4)2SOA, 15.1% of the cellulose was digested and when sodium
thioglycollate was added, 10,6% was digested.

Effect of different mineral solutions. In experiment No. F-1, the

relative effects of different mineral solutions on the percentage cellulose
digested was examined. The results are shown in Table 17. Urea was added
to each fermentation bottle to give a final concentration of 0.1%4. Glucose
was added to B-1-9, B-1-10, B-1-11, and B-1-12, also at the 0.1 level,

Each bottle received an incculum of 140 ml, of strained rumen fluid, except
B-1-11 which received 70 ml. of strained rumen fluid and &~-1-10 and B-1-12
which received 140 ml. and 70 ml., respectively, of centrifuged rumen fluid.
The salt concentrations attained in the fermentation mixture, exclusive of
+the amounts already present in the rumen fluid, are given in Table 16,
Except for Complex No. 2 (with (NH,)5S0, omitted), the mineral solutions
used in this experiment are identified in Tables 16 and 17 by the publica-
tions in which they were reported. The "artificial saliva" suggested by
MeDougall (1548) was used at full strength and also at half the concentra-
+ion and one-third the concentration given in his report.

From the values given in Table 17, it can be seen thst the cellulose
digestion was much greater than that which had been achieved in previous
experiments using the method of Huhtanen et al. (1954). If the digestion
obtained in the first 24-hour period is considered alone, none of the sol-
utions used seem to show any great advantage over the others. The diges-

tion obtained using Complex No. 2 (with (NH4)2SOA omitted), although much
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higher than had been obtained in most of the earlier experimen+tg, was
lower than that obtained with the other mineral solutions. This suggested
the possibility that the use of Complex No. 2 may have contributed to the
low values for cellulose digestion obtained previously.

1t can be seen that with the solutions used by Burroughs et al. (1950)
and by Arias et al. (1951) a greater percentage of the cellulose was digest-
ed in the second period than in the first. This may indicate an adaptation
of the microorganisms *to the condit®ons used.

When the inoculum was centrifuged and glucose added, the percentage
cellulose digested was maintained at a somewhat higher level than when
glucose was added and an uncentrifuged inoculum was used. ¥hen the inocu-
lum was reduced to 70 ml. and glucose added, the percentage cellulose di-
gested was maintained at a higher level by using an uncentrifuged inoculum
than by a centrifuged inoculum.

Effect of rate of passage of CO,. Hudman and Kunkel (1953) have re-~

ported that, at low levels of urea concentration, scmewhat mocre protein was
synthesized by rumen microorganisms in vitro when a high CO, tension was
maintained than in an atmosphere of nitrogen. Cellulose digestion was nct
determined. In the fermentation procedure of Burroughs et al. (1925C) it

is difficult to control rigidl, the rate of passage of 002 through the mix-
ture. It was of interest, therefore to determine whether the rate of pas—
sage of CO, affected the extent of cellulose digestion under the conditions
used. In experiment No, B-18 and B-20 the COp, was passed through the fer-
mentation mixtures at different rates. The results obtained are shown in
Table 18. Urea was added to a final concentration of 0.1% in both experi-

ment No. B=18 and experiment No., B-20. However, glucose was added only in

experimpnt No. B-~18.
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TABLE 18

THE EFFECT OF RATE OF PASSAGE OF COo
ON CELLULOSE DIGESTIONY

Experi- Rate of passage Cellulose digested
ment of GOz Replicates Average
no, y A %

B=18-1 Fast 35.2

B=18=2 rast 36.5 25.9
B-18-3 Medium 37.7

B-18-4 Medium 4.7 39.7
B-18-5 Slow 446

B-20-1 I'ast 60.6

B~20-2 Fast 56.9 5e.8
B=20-3 tedium 60,7

B-20-5 Slow 63.5

B-20-6 Slow 67.9 65.7
B=20=7 Nil 68.5

B-20-8 Nil 67.0 €7.8

1 rermentation procedure - Burroughs et al. (1950)

Inoculum - 200 ml. of strained rumen fluid
from cow No. A=55

Mineral solution - "artificial saliva" of
McDougall (1948), diluted to half strength and
trace minerals added

Substrate - 1% Solka~Floc

Non-protein nitrogen - 0.1% urea

Readily available carbohydrate - 0.1% glucose
in experiment No. B=18. WNot added in
experiment No. B=-20

Incubation - 24 hours at 40°C



64,

Since no flow meter was used, the rates are given as "fast", "gedium",
and "slow". It can be seen that as the rate of passage of CO, was decreased
the percentage of the cellulose digested increased. The replicates where
the rate of passage of CO, is described as "nil" received COy» only while
being sampled. The percentage cellulose digested in experiment No. B-20
was considerably higher than that digested in experiment No. B-18. This
may have been due to the presence of glucose in experiment No, B-18, for
although the quantity added (0.1%) was not excessive, it is possible that
differences in the ration used ani the time elapsed since feading may have
produced different levels of readily available carbohydrate in the two
samples of rumen fluid used for inoculation.

Effect of manner of introduction of CO,. Since the continuous pagsage

of 002 through the fermentation mixture appeared to have a depressing
effect on cellulose digestion, an experiment was conducted using the fer-
mentation procedure of Wasserman et al. (1952) to determine whethe% the
manner of introduction of the 002 was responsible for the rather low cellu-~
lose digestion obtained in previous experiments with this method. The
results obtained are shown in Table 19. Three sets of duplicate fermenta-
tions were run; one which followed the method described by Wasserman et al.
(1952), one in which the 002 was introduced outside the sac, and one in
which no CO, was used and in which the sac was held in place by tightly
capping the bottle, Introduction of CO, within the sac gave the greatest
percent cellulose digestion and the elimination of G0, passage gave the
least. It should be noted that the efficiency of mixing was greatest in
experiment No. 8-1 ani 8-2 where CO, wag introduced within the sac ani the

liquid outside the sac was stirred mechanically. In experiment 8-3 and 8-4
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TABLE 19

THE AMOUNTS OF CELIULOSE DIGESTED WHEN CO2
WAS PASSED INSIDE OR OUTSIDE
CF THLL SAC OR WHEN COxs

WAS NOT USEDL

Experi- GOy Cellulose digested
ment added Average
no. % %

g8=1 Inside sac .L8.5

8-2 Inside sac 4.5 6.5
8-3 Outside sac 44..0

-4 Outside sac 42 .8 L3.4
g~5 Not added 40.3

8-6 Not added 45.4°

1 Fermentation procedure - Wasserman et al.
(1952) for 8-1 and 8-2. Modifjed tor
8-3 to 8-6
Inoculum = 100 ml. of strained rumen fluid
from cow No. A-55
Mineral solution - "artificial saliva" of
McDougall (1948) diluted to half strength
and trace minerals added
Substrate - 1% Solka-Floc
Hon-protein nitrogen - 0.1% urea added to
inoculum and to mineral solution
Readily available carbohydrate - not added
Incubation - 2/ hours at 40°C
2 Some loss during transfer from sac, result-
ing in a high value for percent cellulose
digested
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mixing was accomplished in the outer liquid only by the stream of COZ‘
There was no mixing in experiment No., 8-5 and 8-6. Consequently, the 4if-
ferences in percent cellulose digested could be interpreted as arising

from differences in mixing rather than from differences in the manner of

introducing the 002.

Effect of increasing the calcium content of Complex No. 2. The per-

centage cellulose digested in experiment No. 2, 3, and 4 (Section I, Tables
2, 3, and 4) where Complex No. 1 was us=d, was considerably higher than in
the experiments where Complex No. 2 was used. To investigate the possibility
that this was due to the lower calcium content of Complex No. 2, an experi-
ment was conducted using the fermentation procedure of Huhtanen et al.
(1954). The mineral solution used for the controls was the "artificial
saliva® of McDougall (1948) diluted to half sirength and with trace min-
erals added. Complex No. 2 (with (NH4)2304 omitted) was used for the other
fermentations and calcium chloride solution added to give a range of calcium
concentration in the solution from 1.3 to 13.3 ppm. The results are shown
in Table 20. The percentage cellulose digested was much higher than had
been obtained with Complex No. 2 in previous experiments but considerably
lower than that ob*ained in the controls. Differences in calcium concen-
tration in Complex No. 2 had no appreciable effect on the percentage

cellulose digested.

Fermentation without a sac. Table 21 shows the results of three

experiments conducted to compare the fermentation method of Huhtanen et al,
(1954) with one in which the inoculum was placed in a Z2-ounce bottle with
the substrate and the bottle capped and incubated. When the sac was used,

82% of the cellulose was digested in the absence of added glucose and 30%
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TABLE 20

) Concentra-
Experi- Solution used tion of Ca Cellulose digested
ment outside of sac outside of Average
sac
no. ppm. % %
S=19-1 Complex No. 2 1.3 54.8
S=19-2 Complex No. 2 1.3 51.5
S«19-3 Complex No. 2 1.3 56.8 54.4
S=19-4 Complex No. 2 plus Ca 2.6 47.0
S-19-5 Complex No. 2 plus Ca 2.6 53.0
S-19-6 Complex No. 2 plus Ca 2.6 51.0 50.3
S=19-7 Complex No. 2 plus Ca 7.6 57.1
S-19-8 Complex No. 2 plus Ca 7.6 55.4
S$-19-9 Complex No. 2 plus Ca 7.6 54.9 55.8
S~19-10 Complex No. 2 plus Ca 13.8 53.0
$-19-11 Complex No. 2 plus Ca 13.8 53.8
S=19-12 Complex No. 2 plus Ca 13.8 51.2 52.7
S-19-13 lcDougall (1942)72 14 23.8
S-19-1Z_  McDougall (1948)2 14 £2.9
S-19-153 McDougall (1948)%2 14 78.7 g1.8

1 Fermantation procedure - Huhtanen et al. (1954)
Inoculum - 25 ml. of strained rumen fluid from cow No. A-55
Substrate - 1% Solka-Floc
Non-protein nitrogen - 0.1% urea added to the inoculum bottle
Readily available carbohydrate - not added
Incubation - 24 hours at 39¢C

2 piluted to half strength and trace minerals added

3 g-ounce bottle used

4 (NH4)2504 omitted from Complex No. 2
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TABLE 21

CELLULCSE DICESTION WITH AND WITHOUT A SAC1

Experi- Glucose Iineral Cellulose dirested
‘pent added solution Averaée
no. % % 4 -
With sac®
S=15-1 None McDongalll 86.2
S=15-2 None McDougall > 23.0
5-15-3 None McDougall.’ 76.8 82,0
S-15-4 0.14 McDougall’ 77.6
S-15-5 0.17 McDougall 81.7
S-15-6 0.1% McDougall 81.3 80.2
Without sac’
S-16-1 None None 57.1
S=16=-2 None None 56.0
S-16~3 None None 56.3 56.5
S=16~/, 0.1 None 65.0
S-16-5 0.1 None 55.6
S=16-6 0.1 None 61,4, 6.0
S=16-~7 None McDougall2»©  -5.3
S=16~8 None McDougall?s 0.2
$=16-9 None McDougall3,6 0.5 -1.5
S=16~10 0.1 McDougall3s6 11.5
3-16-11 0.1 HcDougall?s© 7.2
S-16-12 0.1 McDougall3s 2.0 6.9
S-28-1 None None 47.0
5-28-2 None None 34.5
3-28-3 None None 34.6 38.7
S=28=4 0.1 None 30.1
S=28-5 0.1 None 24.1
S=28~6 0.1 None 19.2 24.5
S=28=-7 None Complex #26,7 50,7
S~28-8 None Complex #26,7 53,4
S-28-9 None Complex #26,7 40,6 L8.2
§-28-10 0.1 Complex #20s 51.3
S5-28-11 0.1 Complex #26,7 Q4.4
S-28-12 0.1 Complex #20,7 31.7 12.5

T frnooulam - 25 mi. of strained rumen fluid from cow No. 4=55
Substrate - 1% Solka~Floc

Non-protein nitrogen - 0.1% urea added to inoculum
Incubation - 24 hours at 39°C

Fermentation procedure - Huhtanen gt al. (1954)

McDougall (1948)- 1/2 strength plus trace minerals

0.1% in inoculum; not added to outer liquid |
Fermentation procedure - 2-ounce bottles, no sac

Residue from 25 ml.

(NH4 ) 2504 omitted

N oW
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in the presence of glucose. The glucose was added (to give a concentration
of 0.1%) to the bottle from which the sacs were inoculated. It is unlikely
that the concentration would be maintained as long or at as high a level as
would be the case if the glucose had also been added outside the sac.
Values for the percentage cellulose digested when no sac was used were
considerably lower. The mineral mixture used in experiment No. S-16 was
the residue from Martificial saliva" of McDougall (1948) which had been
diluted to half strength and to which trace minerals had been added. When
the dry matter from 25 ml, of this soluticn was added, cellulose digestion
ceased or was greatly reduced., In experiment No. S-28, when the residue
from 25 ml. of Complex No. 2 (with (NH4)2504 omitted) was added, cellulose
Aigestion was increased. Addition of 0.1% glucose resulted in an increase
in the percentage cellulose digested in experiment No. S-16 and a decrease
in experiment No. S-2%, Thus, under these conditions, the inoculum appears
tc be a factor in the effect of glucose on the percentage cellulose digested.

Effect of ratio of inoculum to mineral solution, Examination of Tabhles

19 and 21 shows that a much higher percentage of the cellulose was digested
in experiment No. S-15 than in experiment No. 8. The most obvious differ-
ences between the conditions used for experiment No. 8-5 and 8-6 and those
used for experiment No, S-15 were the amounts of mineral soluticn used, the
size of the sacs, and the volume of the fermentation mixture. The possibility
existed that the larger sacs which were used in experiment No. 8, and which
appeared to be of a somewhat thicker material than the small sacs used in
experimen* No. S-15, retarded the diffusion of some nutrient or end product.
Another possibility was that the ratio of the volume of the fermentation

mixture to the surface exposed for dialysis might have been different for
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one experiment than for the other., If the lower percentage cellulose diges-

tion obtained in evperiment No. 8 was due to the larger volume of mineral
solution used, it might indicate that the resulting dilution had produced a
deficiency in a dialyzable nutrient.

Two experiments were conducted to test the possibility that the change
in the ratio of the volume of the inoculum to the volume of the mineral
solutioﬁ was responsible for the difference in cellulose digestion. The
results are shown in Table 22, The ratios ¢f the volume of the inoculum to
the volume of the mineral solution ranged from 0.0132 to 0.25. The small
sacs were used. To keep conditions as uniform as possible, it was necessary
to add sufficient urea to both inoculum and mineral solution to bring the
concentratior to 0,1%. For comparison with previous work, controls were
used in whiech urea was added cnly to the inoculum. In experiment. No, S~37
there was a consistent decrease in percentage cellulose digested as the
ratio of the inoculum to the mineral solution decreased. The results
obtained in experiment No, S-2/ were more erratic but the trend was in the
same direction. The conditions in experiment No. S-24 were not as well
econtrolled as those in experiment No, S-37, and this may account for the

greater variation in the results.
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TABLE 22

THE EFFECT OF THE INOCULUM:MINERAL-SOLUTION RATIO
ON CELLULOSE DIGESTIONL

Inoculum:
Experi- Bottle Volume mineral- Cellulose digested
ment size outside solution Average
sac ratio
no. ml. % %
S=2/-2 L oz. 100 0.25 65.9
S=24-3 4 oz, 100 0.25 67.2 64.1
Se24~4 8 oz. - 200 0.125 7.7
S-24-5 g oz. 200 0.125 7.2
8=-2/=7 500 ml. 450 0.0556 47 .9
S=2/-C 500 ml. 450 0.0556 35.8 43.0
S=2/-10 750 ml. 700 0.0357 53.7
S-24-11 750 ml. 700 00,0357 65.0
S=-24-12 750 ml. 700 0.0357 4L0.6 53.1
S~24=13 2000 ml. 1900 0.0132 50,1
S=24-14 2000 ml. 1900 0.0132 39.5
S=24=15 2000 ml. 1900 0.0132 39.4 43.0
S-2/-16 4 oz. 1002 0.25 22.;
S=24=17 L 0z. 100, C.25 .
S-24-18 4 oz. 1007 0.25 60.7 61.4
6
S«37-2 4L OB, 100 0.25 71.1
S-37-3 4 oz. 100 0.25 52.8 61.2
31
S=-37=- & 0z, 200 0.125 55.
S-37-é 8 0%. 200 N.125 L7.6
S=-37-6 £ 0%. 200 0.125 57.7 53,7
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TABLE 22 (COMSLUDED)

Experi-~ Pottle Volunme Inoculum:
ment size outside mineral Cellulose digested
sac solution o Average
. ratio ’
no, ml. 4 %
S=37=7 500 ml. 450 0.0556 48,6
5-37-8 500 ml. 450 0.0556 L7.2
S5=-37-9 500 ml. 450 0.0556 43.2 6.3
S=37=10 750 ml. 700 0.0357 Ll o5
S=37-11 750 ml. 700 0.0357 39.0
S=-37-12 750 ml. 700 0.0357 42,7 42.1
S-37-13 2000 ml. 1200 0.,0132 37.2
S-37-14 2000 ml. 1900 0.0132 38.7
S=37-15 2000 ml. 1900 0.0132 44,3 40.1
S=37~16 4 oz. 1002 0.25 70.7

S=37-18 4 oz. 100 0.25 73.1 72.6

1 Fermentation procedure - Huhtanen et al. (1954)
Inoculum - 25 ml. straiited rumen fluid from steer No. 741
Wineral solution - "artificisl saliva' of McDougall (1948)
diluted to half strength and trace minerals added
Substrate - 1% Solka~¥loc
Non-protein nitrogen - 0.1% urea
Readily available carbohydrate = not added
Incubation - 24 hours at 39°C

Urea not added to outer liquid



SECTION III - FALCTORS AFFECTING CELLULOSE DIGESTICN

It was felt at this point that the fermentation procedure of
Huhtanen et al. (1954), with the modifications adopted (including the
use of the "artificial saliva" of WMcDougall (194¢) diluted to half
strength and with trace minerals added), was sufficiently reliable to
justify its use in continuing the study of some of the factors which
affect cellulose digestion. Certain of the experiments reported in
thls section were re-examinations of results obtained in the preliminary

experiments.

EXPERINMENTAL
Inocula for the experiments described in this cection were obtained
from cow No. A-55 and steer No. 741. The methods used in collecting
the samples were the same as those used in Section I.

Fermentation procedure. The fermentation procedure used in most

of the experiments of this section was similar to that described by
Huhtanen gt al. (1954). High-form, screw-capped bottles of /J-ounce
capacity were used. The sacs were made from "Visking" cellophane tubing
of 1 inch diameter. The mineral solution used was patterned after the
"artificial saliva' suggested by McDougall (194€) and was designated as
Complex No, 3. Its composition is shown in Table 23.

A large flask or 10-liter bottle of the mineral solution was gassed
vigorously with COp while the inoculum was being obtained from the
animal. The solution was kept in a water bath at 45°C while it was

being gassed. The 4-ounce bottles to be used for incubation were filled
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TABLE 23

COMPOSITION OF COMPLEX NO. 3

Salt Concentration
g./1.
NaHGO, 4.9
NapiP0 . 1210 4.7
NaCl 0.24
KC1 0.29
CaCls.2Hp0 0.026
MgClp . 6Hp0 0.064
FeSO, . 7,0 0.04
CoCly,.6H0 0.004
ZnS0y, . 7Hp0 0.002
GusS0, . 5H,0 0.001

MnSOA.H2O 0.001
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with the warm, gassed Complex Yo. 3, tightly capped, and placed in a
water bath at 40°C. The substrate was weirched into a bottle of the
appropriate size, the required amount of strained rumen TJuid added, and
the bottle with its contents placed in the water bath at 400G, Usually,
when one concentration of some other additive was desired, this was also
added to the inoculum bottle but to obtain a range of concentrations,
additions were made to both the sac and the outer liquid. Non-protein
nitrogen was usuzlly supplied as urea and added =t the C.1% level to the
inocculum bottle only.

The fermentation mixture in the inoculum bottle was stirred vigor-
ously by a stream of COp ﬁntil the substrate was wet and the suspension
appeared to be uniform. The time required for thils varied considerably.
Solka-Floc became wet almost immediately but untreated cotton linters
required several minutes and it was necessary to rotate the bottle to
keep the linters in contact with the rumen fluid.

When the suspension appeared to be uniform, 25 ml. portions were
removed for cellulose determinations and for inoculation of the sacs.
The pipette used for this purpose was one from which the fine point had
been broken, permitting rapid filling and delivery. Whenever possible,
the removal of the samples for the inoculaticn of each set of replicates
was alternated with the removal of a sample for cellulose determination
in order to compensszte for -any differences in the settling of the sub-
strate due to the decreasing volume. This precaution appeared to be
unnecessary if the volume of rumen fluid used sufficlently exceeded the

volume required for inoculation and if the substrate did not settle

rapidly.
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As each sac was inoculated, it was transferred to the appropriate
4=-ounce bottle. The bottle was again tightly capped and returned to
the water bath until inoculation and sempling were conpleted. All repii-
cates were then transferred to an incubator and held at 39°C for the
incubation pericd.

In experiment No. RB-5, B-6, B-£, 3-10 2nd B=11 the fermentation
procedure was that of Burroughs et al. (1950) except that 350 ml. of
Complex No. 3 and 200 ml, of straincd rumen fluid were used in each
bottle. Experiment No, B-14 and 3-15 were also incubsated according to
the procedure of Burroughs et al. (1950) but equal volumes of Gomplex No. 3
and strained rumen fluid were used. Experimeﬁt No., B=11 was continued
for two 24-hour pe;iods.

Determinaticn of cellulose. The procedure finally adopte?d for the

determination of cellulose was as follows:-

If the sample was obtained from the incculum bottle or from the
bottle used in the fermentation procedure of Burroughs et al. (1950),
25 ml. were pipetted intc a 50 or a 100 ml. beaker and evaporated to
dryness by leaving in a constant temperature oven at 105°C overnight.
If the sample was from a sac, the entire contents of the sac were wacshed
into a 100 or 150 ml. beaker and evaporated to dryness.

When the mixture was dry, 15 ml. of 80% acetic acid and 1.5 ml. of
concentrated nitric acid were added. When a 50 or 100 ml. beaker was
used, it was necessary to add a large glass bead to control bumping if
the amount of cellulose expected was much over 0.2 g. This was usually

unnecessary when a 150 ml. beaker was used.
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The beaker and contents were rlaced on a Lindberg hot plate cet
at "mediun", covered with a 150 ml. round-bottom flask of cold water,
and the mixture boiled gently for 20 minutes. At the end of this
period the mixture was cooled, washed into a 250 ml. centrifuge bottle
with ethyl alcohol, and centrifuged for 10 minutes. The supernatant
was decanted through a Selas porcelain filter crucible of XF porosity.
The residue was resuspended in ethyl alcohol and poured onto the
crucible, the last portions being washed out of the centrifuge bottle
with a stream of ethyl alcohol from o wash bottle with the aid of a
rubber policeman. The crucible was dried at 105°C overnight, cooled in
a desiccator and weighed. It was then placed in a muffle furnsce at
700°C for 2 hours, cooled in a desiccator, and weighed. The difference

in weight was recorded as the weight of the cellulose in the sample.

RESULTS

Effect of 2,4=D on cellulose digestion. Yeely et al. (1¢50) rave

shown, in the tumorous tissue resulting from the application of 2,4-D
to red kidney bean plants, that the pectin methoxylase activity is
about twice that observed in untreated tissue, This suggested the
possibility of 2,4-D having a similar effect in the rumen. It was
thought that if the pectin methoxylasc activity could be stimulated by
2,4-D pectic moterial might be digested more rapidly, increasing the
accessibility of cellulose and thus permitting it to be more rapidly
dicested also. Table 24 shows the results of an experiment to test
this possibility. Alfalfa leaf meal was used as the substrate, since

a plant species with a relatively high content of pectic material was
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TABLE 24

THE AMOUNTS OF CELLULOSE DIGESTED IN
THE PRESENCE OF ADDED 2,4-DY

Experi- 244=D Cellulose disested
ment added Average
no. mg./ml, % %
S=20-1 0.0028 49.0
§-20-2 0.0028 50,0
S=20-~3 0.0028 52.1 50.4
S=20=4 0.0056 53.5
S=20-5 0.0056 53.7
S=20-6 0.0056 52.1 53.1
S~20-7 0.014 53.3
S=20-8 0.014 51.5
S=20=9 0.014 51.8 52.2
S=20-10 0.028 54.2
S=-20-11 0.028 53.8
S=20-12 0.028 53.7 53.9
S«20~14 0.056 53.4
S=20-~15 0.056 54.1 53.9
S~20-16 0.112 53.0
S=20-17 0.112 52.8
S-20-18 0.112 52.2 52 .7
S-20-19 None L7 .4
S-20-20 None 48.8
S-20-21 None L7.2 L7T.7
S=20-22 0.28 46.5
S=-20-23 0.28 49.7
S=20~24 0.28 50.4 8.9
S~=20-25 0.56 51.5
S=20-26 0.56 AT.5
S=-20=-27 0.56 50.5 49.8

1 Fermentation procedure - Huhtanen gt al.(1954)
Inoculum - 25 ml. strained rumen f1uid from cow No. A=-5%
Substrate - 4% alfalfa leafrmeaé
lineral solution - Complex No.
giﬁ—protein nitrogen - 0.1% urea added to inoculum
Readily available carbohydrate - not added
Tncubation - 24 hours at 39°C
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required. The 2,4-D was added both to the sac and to the outer liguid,

so that the concentrations given were not lowered by diffusion from the
sac. The results obtained show that the percentage cellulose dipested
was not affected by the presence of 2,4-D under the conditions used,

The slightly lower percentage cellulose digested in experiment No. 3-20-19
to S-20-27 may have been due to a higher initial cellulose concentration,
since it was necessary to use a separate inoculum bottle for their
inoculation. The cellulose level in this bottle wac 15% higher than in
the one used for inoculating experiment No. S=20-1 to 3-20-12 (144.2 as
compared to 124.€ mg., per 25 ml.).

Effect of certain tregtments on digestion of cellulose in corn fiber.

In the commercial preparation of corn starch, one of the byproducts is
fiber from the kernel hulls., The question arose as to the suitability
of this m-terial for use in the feeding of cattle, A sample of the
fiber was made available1 and also 2 sample of the same fiber which

had been treated with lime and a sample which had been treated with lime
and then extracted with water. Experiments were conducted to determine
the amounts of tho cellulose of each sample that could be dicested in
vitro. The fermentation procedure of Burroughs et al. (1950) was used.
The results of these experiments are shown in Table 25. The cellulose
of the extracted fiber was found to be digested to a greater extent than
that of the untreated fiber. In experiment No. B-5, the treated corn
fiber 21so gave a high percentage cellulose digestion but the low wvalue

obtained when Solka-T'loc was used as the substrate in this experiment

1 By the Corn Products Refining Co., Argo, Ill.
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TABLE 25

THE AMOUNTS OF CELLULOSE DIGESTED WHEN UNTREATED,

TREATED, AND EXTRACTED CORN_FIBER

WERE USED AS SUBSTRATES!

Cellulose digested,

Experi- Substrate based on
ment Cellulose Solka-Floc
at start digestion
no. % 9
B=5=1 Untreated corn fiber< 53.5 192
B=5=2 Treated corn fiber3 73.5 264,
B=5-3 Extracted corn fiberé 70.9 255
Be=5e/, Solka=-Floc 27.8 100
B-6-1 Untreated corn fiber? 32.2 L0
Befe2 Treated corn fiber3 23.8 30
B=-6-3 Extracted corn fibe 81.2 101
B-6-/, Solka~Floc 79.5 100
B=8=1 Untreated corn fiber? 28.3 33
B-8~2 Treated corn fiber3 31.0 36
B-8-3 Extracted corn fiber4 73.0 &l
B-8-4 Solka-Floec 826.8 100

1 Fermentation procedure - Burroughs et al. (1950)
Inoculum - 200 ml. of strained rumen fluid from
cow No., A-55
Mineral solution - Complex No., 3
Non-protein nitrogen - 0.1% urea
Readily available carbohydrate - 0.1% glucose

Incubation - 40°C for 24 hours

2 From kernel hulls

3 Treated with lime

4 Treated with lime then extracted with water



g1

suggests that the fermentation war not s normal one.

The difference in the difestion of the cellulose in difTerent

subgtrates. Tahle 26 shews the results of an experiment to determine
the relative digestion of the cellulose in different substrates.
Solka-Floc was used as the control substrate to permit comparison with
other experiments. Cotton linters' were used since they are a2 source
of relatively pure "native'" cellulose. Both untreated linters and
linters thrt had been extracted in a Soxhlet apparatus with a 1:2
benzene:alcohol mixture were used. A sample of pith? obtained from
bagasse was nlso included because of its possible use as a cattle feed.
Alfalfa leafl meal and a sample of timothy hay grown on unfertilized
soll served as examples of good and poor quality rcushages.

It can be seen that the percentage cellulose digested when Solka-~
Floc was used as the substrate was again rather low. The percentage
cellulose digested when extracted cotten linters were the substrate
was considerably greater than when the untreated linters were used.
The cellulose of the alfalfa leaf meal was dirested to a much greater
extent than that of the unfertilized timothy hay, the values obtained
being 47.4 an® 25.9%, respectively. Forty-three percent of the cellulose

of the pith was digested,

Effect of urea concentration on cellulose digestion. Table 27

shows the percentsge cellulose Jigested when different concentrations

of uresa were present at the start of the fermentation. The amount of

1 Supplied by L. V. Curtin, Buckeye Cotton 0il Co., Cincinnati 17, Chio.

2 A research product from the Northern Regional Research Lahoratory,
Peoria, Ill.
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TABLE 26

THE AMOUNTS OF CELLVLOSE DIGRESTED WHEN
DIFFIZRENT SUBSTRATES WERE USEDL

GCellulose digested,

Experi- Substrate Glucose based on
ment added Cellulose Solka-Floc
at start digestion
no. % % %
B=10=1 Solka-Floc 0.1 44 .9 100.0
B~10-2 Untreated cotton 0.1 42,73 94.2
linters
B~-10=-23 Extracted cotton 0.1 53,7 119.6
linters
B=-10~4 Alfalfa leaf meal None L7 .4 105.6
B-10~5 Unfertilized hay 0.1l 25.9 57.7
No., 6535
B-10-6 Pith from bagasse 0.1 43.0 95.8

1 Permentation procedure - Burroughs et al. (1950)
Inoculun - 200 ml. of strained rumen fluid from cow No. A~55
iineral solution - Complex No. 2
Non-protein nitrogen - 0.1% urea
Readily available carhohydrate - 0.1% glucose
Incubation = 40°C for 24 hours
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TABLE 27

THE EFFZCT OF DIFFERENT CONUCENTRATIONS OF UREA
ON CELLULOSE DIGESTIONL

Experi- Irea Sellulose digcsted
_ .. Tent aé?ed Averape
no. Z % g
S=26=1 Nil 60.7
S=26=2 il L2 .1
G=26=3 Nil 65.6 56.1
S=26-4, 0.01 £3.6
S=26~5 0.01 57.9
S=26=6 0.01 €4.9 62.1
S=-26=7 0.05 67.4
S=26-0 ¢.05 65,2 66,8
S=26-10 0.10 76,7
S=26-11 0.10 74 .6
S«26-12 0.10 72.0 7L .4
S=-26-132 0.15 7.5
S=26-15 0.15 5.2 6.4
S=26-16 0.20 4.1
S=26-17 .20 4.0
§-26-18 0.20 5.1 ™A

1 rermentation procedure - Huhtznen

et al. (1954)

Inoculum - 25 ml. of strained ruunen
£1uid from cow MNo. A=55

liineral solution - Complex No. 3

Substrate - 1% Solka-Floc

Rezdily available carbohydrate - not
added

Tneubation - 39°C for 24 hours
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urea added ranged from 0.01% to 0.20%. WNo readily availsble carbohydrate
was added. Under these conditions, a small amount of urea increcsed

the percentage cellulose digested but excessive amounts effectively
inhlbited digestion. The average percentage cellulqse digested increased
progressively from 56.1% when no urca was added to 74.4% when 0.10%

was added. When the initial urea concentration was 0.15% the percentage
cellulose digested dropped sharply to 6.47 and was even less (4.4%)

when the initial urea concentration was 0.20%. Replicates showed é

wider range of variation when ures was not added or when the concentration
was 0017 than at the higher levels of added urea.

Effect of plucose concentration on cellulose direstion. The

results obtained when different amounts of glucose were added are
shown in Table 28. OSince somewhat erratic results had been obtained
in previous experiments when 0.1% glucose had been added, the range
chosen was quite low, 0.00 to 0.20%. In general, the percentage cellu-
lose digested in the presence of glucose was slightly higher than in
the contrcls to which glucose had not been added. The gradual incresse
in percentage cellulose digested as the glucose concentration was
increased from 0.005 to 0.15% may indicate a general trend, but the
differences obtained were too small to be regarded as anything more
then a possible indication. The agreement among replicates was best
when no glucose was added and when 0.20% was added. This may indicate
that the glucose added at the other levels was not evenly distributed

because of the. small volume of stock solutions used (0.25 to 0.75 ml.).
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TARLE 2¢

THS EFTECT COT DIFIERENT CONCTIUTRATICNS OF GLUCOSE
ON CELLULCSE DIGESTIONY

Experi- Glucose Cellvlose digested
ment added Average
no. % 4 7,
S=29-1 Mil 68.5
S=29=-2 Mil 68.2
5=20-3 Nil 65.5 67.4
S=29-4 C.005 74.7
S=29-5 0.005 63.1
S=20-"7 0.01 72.1
5-29-8 .01 71.0
3=29=9 0.01 71.8 71.6
S=29=10 0.05 69.6
S=2¢-12 0.05 61.3 64.1
S=-29-13 0.10 65.5
S=29-1/ 0.10 74.5
5=29-15 .10 77.0 72.3
5-29"18 0.15 77-3 ’73 OO
5=29-19 0.20 6.4
S=-29-20 0.20 €9.9
S=29=21 0.20 66.2 68.2

1 pPermentation procedure - Huhtanen et al. (1954)

Tnoculun - 25 ml. of strained rumen tTuid from
steer No. 741

Mineral solution - Complex No. 3

Substrate - 1% Solka-Floc

von-protein nitrogen - C.1% urea added to the
inoculwn bottle

Incubation -~ 390C for 24 hours
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Effect of cobalt and of vitamin Byo_on cellulocze digestion. Cobalt
is known to stimulate the appetite in some cases of bhovine 2norexina.
Because of the connection between cellulose Aigestion, rate of passage,
and appetite, the possibility existed that cobalt might have sonme
stimilatory effect on cellulose digestion. Although negative raesults
had been obtained in previous experiments (see Section I), it was
thought that the mcthods being used in this section might bring out
differences not discernible in the earlier work.

Table 29 shows the percentage cellulose digested when different
concentrations of cobalt were added. The fermentation procedure used
was that of Burroughs et al. (1950) and urea and glucose were each
added at the 0.17 level. Incubation was maintained at 40°C for two
24~hour periods. The results show a consistent decrease in the percentage
cellulose dirested as the amount of cobalt added was increased from
0.25 to 91 parts per million, but the decrease was not as great as was
expected. In the first period, the percentage cellulose digested dropped
from 41.2 when 0.25 part per million was added to 52.2 when 91 parts
per million were added. In the second period, the corresponding values
were 38.5 and 24.4%, respectively. Since urea and glucose were present,
it 1s possible that one or both ol these modified the effect of the
hnigher levels of cobalt on the digestion of the cellulose.

Table 30 shows the percentage cellulose digested when different
levels of cobalt woere added in the absence of glucose. The fermentation
procedure of Huhtanen et al. (1954) was used and 0.1% of urea was added
to the inoculum hottle. The amount of added cobalt ranged from 1 to

200 parts per million. Again it was found that the percentage cellulose
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TABLE 29

THE EFFECT CF DIFFERENT COBALT CONCENTRATIONS
ON CELIULOSE DIGESTIONL

Experi- Cobalt Cellulose dipested

ment added First Seccnd Average

period period
no. ppm v % %

B-11-1 0.25 €1.8 38.5 50.2
B~11-2 2.5 63.7 33.9 48.8
BE=11-3 12.5 60.8 28.3 L4 .6
B=11-4 23.6 59.9 23.4 41.7
3-11-5 91 52.3 Rh 4 8.4

1

Fermentation procedure - Burroughs et al. (1950)
Inoculum ~ 200 ml. of strained rumen fluid fronm

cow No. A=55
iMineral solution - Complex No. 3 with cobalt omitted
Substrate - 1% Solka - Floc
Hon-protein nitrogen - 0.1% urea
Readily available carbohydrates = 0.1% glucose
Incubation - A0°C for 24 hours
Cobalt added as a solution of the chloride
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TABLE 30

THVE ETFPFECT O DIFFERENT COBALT CONCENTRATICHNS
ON CELLULCSE DIGESTICNI

Experi- Cobalt Cellulose digested
ment added Ayerage
no. ppm T "‘"""“—%’-‘m‘“'-- o %

S=22=-1 1 51.5

5=22=2 1 57.5

S=22-3 1 52.3 57.1
S=22-4 2 55.1

S=22-5 2 53.9

S-22-6 2 52.5 53.8
5=22-7 12 L7

S=22=8 12 49.3

S=22=9 12 46.1 46.8
S=22=-10 25 AL.4

S=22-11 25 39.6

S5=22-12 25 AL.4 40,2
S=22-13 100 24.0

S=22-14 100 13.2

S=22~15 100 18.0 18.4
S=22-16 200 7.9

S=22=-17 200 10.3

S=22-18 200 .0 g.7

1 permentation procedure - Huhtanen et al. (1954)

Tnoculum - 25 ml. of strained rumen fluid from
cow No. A=55

iineral solution - Complex WMo. 3 with cobalt
omitted

Substrated - 1% Solka-Floc

Non-protein nitrogen - 0.1% urea added to inoculun
bottle

Incuhation - 39°C for 1& hours

Cobalt added as CoCl2.6Hz0



&9

digested decreased as the cobalt added wac increased, but in this

experiment the decrease was much greater. The percentage cellulose

digested ranged from 57.1 when 1 part per million of cobalt was added,

to 8.7 when 200 parts per million were added. When 100 parts per
million of cobalt were added, only 12.4% of th: cellulose was digested,
much less than the 52.3% digested when 91 pzrts per million of cobalt
were added in experiment No. B-11l, It should be noted that in experiment
No. S=22 incubation was maintained at 39°C for 12 hours. The shorter
incubation period was used on the assumption that any stimilatory action
of cobalt on cellulose digestion would be an effect on rate of digestion.
It was thourht advisable to avoid any possible limitation of dipestion
by the substrate which could have a leveling effect on the percentare
cellulose digested if the incubation period were prolonged.

The results of these experiments indicated that cellulose digestion
was not stimulated by added cobelt under the conditions used. It is
known, however, that rumen microorzanisms can convert cobalt to
vitamin Byp. If it were assumed that in the in witro fermentation
this conversion was not equal to that obtained in vivo, the possibility
that vitamin Bj2 has a stimulatory effect was not excluded. Consequently,
an experiment was conducted to determine the effect of different
amounts of added vitamin Bjs on the percentage cellulose digested, The
results obtained are shown in Table 31. An 1€-hour fermentation was
again used to avoid any limiting effect due to substrate depletion.

The amounts of vitamin B12 added ranged from 0.05 to 50 micrograms per ml.
The percentage cellulose digested in the fermentation mixtures receiving

vitamin B12 was substantially the same as in the controls.
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TABLE 31

THE EFTECT OY DIFFERENT VITAMIN By, CONCENTRATIONS
ON CELLULOSE DIGESTIONL

Experi- Vitamin Biyp Cellulose digested
ment added Average
no. ug./ml. % % )

S=23-1 50 4.8

S=23-2 50 56.8

S=-23-3 50 63.3 56.5

S=23-4 5 60.3

S=-23-5 5 58.7

S=23-6 5 71.3 63.4

S5=23=7 0.5 55.7

5-23-8 0.5 60.9

S=-23-9 0.5 58.4 58,3

S5=23-10 0.05 61.8

S=-23-11 0.05 61l.4

S-23=-12 0.05 54.5 59.2

S=23=12 None 61.8

S-23-14 None 56.0

S=-23-15 None 64.3 60.7

1 Fermentation procedure - Huhtanen et al. (1954)

Tnoculum - 25 ml. of strained rumen fluid
from cow No. A=55

Mineral solution - Complex No. 3

Substrate - 1% Solka-Floc

Non-protein nitrogen - 0,1% urea added to
inoculum bottle

Readily available carbohydrate - not added

Incubation - 39°C for 18 hours
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In the experiments just discussed, the cobalt or vitamin Byo
sdditions were made to the in vitro fermentations. It is possible that
the action of cobalt in the rumen of the animal may be different than in
the fermentations conducted in the laboratory. It was of interest,
therefore, to determine the extent of cellulose digested in vitro when
the animal from which the inocula were obtained was receiving a ration
which contained a high level of cobalt. Table 32 shows the results of
a series of experiments in which daily additions of cobalt sulfate were
made to the rumen of the animal from which the inocula were obtained. A
control experiment was inoculated with a sample of rumen fluid obtained
from steer No. 741 on June 3, 1954 before cobalt feeding had begun. A
sample was also obtained on July 19. At this time the animal had received
2.5 g. of cobalt (as cobalt sulfate) per day for 7 days, 5 g. per day
for 18 days, snd 7 g. per day for 5 days. The level of cobalt fed was
increased to 10g. daily on July 24 and another sample was taken on July 31.
Several of the substrates used showed a slight decrease in the percentage
cellulose digested after cobselt had beeu fed at high levels. The cell-
ulose of Solka-Floc showed the highest percentage digestion and the
greatest drop in digestibility. In the control experiment, before the
feeding of cobalt sulfate had started, £6.3% of the cellulose of the
Solka~Floc was digested. In the experiment started July 19, £1.8% was
digested and in the experiment started July 31 only 6$9.9% was digested.
When unfertilized hay No. 6535 was used, the corresponding values for
percentage cellulose digested were 29.1, 22.6 and 21.5%. Before the
feeding of cobalt sulfate, 35.3% of the cellulose in the pith from

bagasse was digested but only 28.7% after cobalt feeding. The percentage
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of the cellulose of extracted cotton linters which was digested dropped
from 53.1 in the case of the inoculum taken June 3 to 41.9 in the case
of the inoculum taken July 19.

On the other hand, when alfalfa leaf meal was used as the substrate,
the cellulose digested was maintained at approximately the same level,
the values obtained for the samples taken June 3, July 19 and July 31
being 50.1, 51.2 and 51,1%, respectively.

Table 33 shows the amounts of cellulose digested when inocula from
the animal receiving the high levels of cobalt wére used and when urea
was not added to either the fermentation mixture or the outer liquid.

It can be seen that with the sample taken July 14 the percentage cellu-
lose digested was usually equal to or more than that obtained with the
sample taken July 19 shown in Table 33. However, the percentage cellu-
lose digested when Solka-Floc was the substrate was 81.£% in the sample
taken July 19 and only 57.3% in the sample taken July 1l4. When the
results from the two inocula shown in Table 33 are compared, it can be
seen that the decrease in the ability to ferment cellulose shown by the
sample takeﬁ July 31 was greater than in the fermentations to which urea
was added.

Rate of cellulose digestion. One disadvantage of the use of a

2/~hour fermentation period is the possibility that the substrate might
exert a limiting effect on cellulose digestion. This in itself would
give rise to useful information, since it would be of interest to know
the percentage of the cellulose in different feeds that is accessible to
the rumen microorganisms. On the other hand, the rate of cellulose

digestion is also of great importance. Accordingly, experiments were
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TABLE 33

THE EFFECT OF FEEDING HIGH LEVELS OF COBALT ON TH=
IN VITRC DIGESTION OF CELINILOSEL

Cellulose digested

Substrate 7=-14-5/ 7-31-54
Repli-~ Average Repli- Aversge
cates cates
% % % %
Solka-Floc 58.3 47.2
Solka-Floc 58.2 45.7
Solka-Floc 55.3 57.3 L7.6 6.8
Untreated cotton linters 27.7
Untreated cotton linters 30.7
Untreated cotton linters 27.8 28,7
Extracted cotton linters A7.1
Extracted cotton linters 48.7
Extracted cotton linters 41.5 45.8
Alfalfa leaf meal 53,7 26,9
Alfalfa leaf meal 54..2 A€.0
Al1falfa leaf meal 54.0 5.0 38.1 LL.3
Unfertilized hay #6535 28,3 15.6
Unfertilized hay #6535 27.9 15.9
Unfertilized hay #6535 23.0 26.4 12.9 14.8
Pith from bagasse 30.8
Pith from bagasse 34.3
Pith from bagasse 31.2 32.1
Unfertilized hay #2543 33.1
Unfertilized hay #2542 31.0
Unfertilized hay #2543 26.7 30.3
Fertilized hay #2543 33.5
Fertilized hay #2543 36.6
Fertilized hay #2543 33.6 34.6

1 Jermentation procedure - Huhtanen et al. (1954)
Tnoculum - 25 ml. of strained rumen t1luid from steer No. 741
Mineral solution - Complex No. 3
Non-protein nitrogen - not added
Readily available carbohydrate - not added
Incubation - 39°C for 24 hours
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conducted to determine the amounts of Solka-Floc cellulose and of
alfalfa leaf meal cellulose that were dipested after incubation periods
of different lengths. The results obtained are shown in Table 34 and 35
in Figure I.

The percentage cellulose digested in previous experiments was
generally higher when Solka-Floc was used as the substrate than when
other substrates were used. It can be seen from Table 34 that in the
24~hour fermentation period the higher percentare cellulose digested
was again obtained when Solka-Floc was used as the substrate. However,
after 6 hours of incubation, only 24% of the cellulose digested in 24
hours had been digested when Solka-Floc was the substrate. When 2lfalfa
leaf meal was the substrate (Table 35), more than 50% of the 24-hour
cellulose dicestion was accomplished in 6 hours. Examination of the
values for percentage of initial cellulose digested shows that this
difference was not due to the lower cellulose digestion in 2/ hours
shown by the alfalfa leaf meal. For incubation periods up to 12 hours,
a higher percentage of the initial cellulose was digested when alfalfa
lea” meal was the substrate than when Solka-Floc was used. After 16
hours, the percentage cellulose digested, based on the cellulose
initially present, was approximately the same for both substrates. At
the beginning of the experiments, the concentrations of cellulose
present when Solka-Floc was the substrate and when alfalfa lcaf meal
was the substrate were 10.9 and 9.7 mg. per ml., respectively.

Table 36 shows the results of two experiments to determine whether
appreciable cellulose digestion could be obtained when a cell inhibitor

was added to the fermentation mixture. It can be seen that the addition
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TABLE 3/

RATE OF DICESTION OF CELLULOSE IN SOLKA-FLOGL

Cellulose digested

Experi- Ferment- Based on initial< Based on
ment ation qgjna13
period Repli- Average Average
cates
no. hr. % % 4
S5-25-1 3 5.8
S=25-3 3 5.7 6.1 3.0
S-25-4 6 2.9
S5-25-5 6 10.1
S-25-6 6 7.6 9.2 13.6
S~25-7 9 14.9
S-25=-8 9 16.7
S=-25-9 ° 16.9 16.2 24.0
5-25-10 12 30.0
S-25-11 12 29.5
S-25-12 12 26.0 28,5 AR.2
S5-25-13 16 41.0
S-25=14 16 390.8
S-25-15 16 39.1 40.0 59.3
S=-25=-16 2/, 65.0
8-25-17 24 68 . 5
1

Fermentation procedure - Huhtanen et al. (1954)

Inoculum - 25 nl., of strained rumen fluid from cow
No. A-55

Ilineral solution - Comple~ No., 2

Substrate - 1% Solka-Floc

Non-protein nitrogen - 0.1% urea added to the
inoculun bottle

Readily available carbechydrate - not added

Tncubation - 390C for 3 to 24 hours

2 Based on the amount of cellulose present at start

3 Expressed as percentage of the cellulose digestion
obtained in 24 hours
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TABLE 35

TIE RATE OF DIGESTION OF CELLULOSE IN /LFAL"A LEAF WEALL

Cellulose digested

Fxperi- Terment- Nased on initial? “ased on
ment ation final3
period Repli- Averare Averace
cates
no. hr. A A A
S=30-1 3 14.9
5-30-2 3 14.0
S5~30~3 3 15.8 14.9 32.2
8-30-4 6 25.0
S5=30-5 6 25.3
S-30-6 6 20.3 23.5 50.9
S-30-7 9 33.2
3-30-8 9 32.5
53=-30-9 9 31.9 32.2 69.7
3-30-10 12 38,7
S-30-11 12 37.1
3-30-12 12 36.2 37.4 £0.9
S5-30-13 16 40.3
S=30=14 16 411
5-30=-15 16 39.9 YAOYA 7.4
S=30-16 24 45.0
5=30-17 24 6.8
5=30-18 24 6.9 6.2 100.0

1 rermentation procedure - Huhtanen et al. (1954)

Tnoculum - 25 ml. of strained rumen fluid from
cow No. A=55

Mineral solution - Complex No. 3

Substrate - 4% alfalf leaf meal

Non-protein nitrogen - 0.1% urea added to inoculum
bottle

Readily available carbohydrate - not added

Tncubation = 390C for 3 to 24 hours
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FIGURE I. Rates of digestion of cellulose in
alfalfa leaf meal, cotton linters and Solka-Floc.
Ordinate - incubation time in hours. Abscissa -
cellulose digested, as percentage of the amount
digested in 24 hours (logarithmic scale).
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of thymol at the start of the fermentation period causes a very great
reduction in the percentage cellulose digested, probably by preventing

the growth and multiplication of the microorranisms.

Cellulsse activity. It would appear from the results shown in

Table 36 that thymol could be used to prevent the growth and multiplic-
ation of microorganisms in the fermentation mixture. The small amount
of ocellulose digestion obtained in the presence of thymol might then be
interpreted as a measure of the cellulase activity of the fermentation
mixture. On this assumption, an experiment was conducted to determine
whether this cellulase activity changed during the course of in vitro
incubation. The results are shown in Table 37 (Appendix). All of the
fermentation mixtures were incubated for 24 héurs. Thymol. was added to
different sets of replicatesat 0, 3, 6, 9, 12, and 16 hours. In order
to estimate the cellulase activity, the data from experiment No. S-25
and S-32 were used to calculate the percentage cellulose digested in
each fermentation mixture while it was exposed to the thymol. The results
of these caleculations are shown in Table 3€ (Appendix) and in Figure II.
In experiment S-25, &7.5% of the cellulose was digested in 24 hours
and in expoeriment S-32, 74.0% was digested in 24 hours when thymol was
not added. In both experiments, therefore, the percentage cellulose
digested was calculated as percentage of the cellulose digested in
2/, hours without thymol. This put the two experiments on a more comparable
basis, since the digestion for each incubation period was expressed as
percentage of the final digestlon for that experiment. When thymol was
added at the start of the fermentation, the average rate of cellulose

digestion was 0,30% per hour. When the thymol was not added until
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- Alfalfa leaf meal
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FIGURE II. Average hourly rates of cellulose di-
gestion in the presence of thymol. Ordinate -

time of incubation before addition of thymol (hours).
Abscissa - cellulose digested per hour in the
presence of thymcl, as percentage of the amount

digested in 24 hours without thymol (logarithmiec
scale).
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after 3 hours of normal incubation, the average rate of cellulose diges-
tion during exposure to thymol increased to 0.647% per hour. When

thymol was added after 6, 9, 12, and 16 hours of normal incubation, the
corresponding values for average rate of cellulose digestion during
exposure to thymol were 0,722, 1.45, 3.12 and 2.63% per hour, respectively.
Thus, if the average rate of cellulose digestion in the presence of

thymol can be taken as a measure of the cellulase activity at the time

the thymol was added, then the cellulsse activity increased from a low
value at O hour to a high value at 12 hours and then began to decrease.

It is possible, however, that the lower hourly rate when the addition of
thymol was made at 16 hours was due to the limiting effect of the substrate,
since approximately 40% of the initial cellulose had been digested when
the thymol was added.

Tables 39. 40 and 41 (Appendix) show the results of experiments to
determine the abllity of the rumen fluid inocula to digest cellulose in
the presence of thymol when alfalfa leaf meal was used as the substrate.
The results of similar experiments in which cotton linters were used as
the substrate are shown in Tables 42, 43 and 44. In Figure II, these
results are compared with those obtained using Solka-Floc as the substrate.
It can be seen that Solka-Floc and cotton linters behaved similarly when
thymol was added at different times during the incubation period but
that with alfalfa leaf meal the cellulose digestion in the presence of
thymol decreased as the thymol was added later in the incubation period.
From Figure 1 it can be seen that alfalfa leaf meal gave a different
type of rate curve than was obtained with the other two substrates in
the absence of thymol also.
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Comparison of in vitro with in vivo cellulose digestion, Talle 45

(Appendix) shows the resul*s of experiments in which samples of roughages
which had been used in digestion trials were used as substrates and the
in vitro Aig=stion of cellulore Adetermined. The in vivo direstibilities
are given as 20% of the fecal digestibilities determined by digestion
trials because of the finding bty Hale et al. (1940), using alfalfa hey,
that the average digestibility coefficient of cellulose in the rumen was

approximately 80% of the average fecal digestibility coefficient.



DLISCUSSION

Determination of cellulose. In view of the uncertainty as to the

structure of "native" cellulose the evaluation of analytical methods is
rather difficult, Moreover, cellulose in the plant exists in close associ-
ation with hemicelluloses and lignin and it is doubtful whether these can
be completely removed without &egrading some of the cellulose., Methods
involving the hydrolysis of cellulose followed by the determination of
reducing sugars are not applicable to plant materials where hydrolytic pro-
ducts of other substances may confribute to the reducing power of the hydro-
lyzed material, These methods appear to be even less applicable to matgrial
from the rumen in the view of the finding of Heald (1951) that non-ferment-
able reducing substances were present in 1érge quantities in the hydroly-
sates of rumen microorganisms. The reducing power of hydrolysates would
consequently be affected by reducing substances of non-cellulosic origin to
a degree dependent upon undetermined differences in the composition of the
original material.

The methodg involving the removal of non-cellulosic materials by
various means are more applicable to plant materials and rumen contents.
Some investigators have attempted in this way to obtain a residue which
consists almost entirely of anhydroglucose residuss. Druce and Wilcox
(1949) have used this approach but even under the conditions of their
method they obtained a residue containing only 90% hexosan. These authors
used an oxidation in an acid medium followed by another oxidation in an

alkaline medium. The low values for percentage cellulcse obtained when this
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method was used (Table 12) may have been at least partially the result
of unfamiliarity with the method. However, Higglund (1951) stated that
when oxidizing agents are used, part of the cellulose may be converted
into oxycellulose or other degradation products which will then dissolve
on subsequent treatment with alkali.

Norman (1937) favored the use of a method that will determine both
cellulose and cellulosans, the hemicelluloses closely associated with
structural cellulose. There is much to be said for this point of view,
since even strong chemical treatment does not remove all of the hemicellu-
lose from "native" cellulose and it may be that the biological unit with
which the nutritionist is concerned is a close association of cellulose
and hemicelluloses rather than cellulose alone. According to Crampton and
Maynard (1938), however, there is some evidence that hemicelluloses are
utilized to a greater extent than is cellulose. If this were true, the
determination of cellulose and hemicelluloses as one unlt would preclude
the observation of independent variations in the utilization of the two
components. 1In spite of this, the method of Norman and Jenkins (1933) may
determine a fraction which more closely approaches the biological unit than
that determined by some other methods, particularly if both "true" and
"erude" cellulose are determined. The procedure is time consuming, how-
ever, and for this reason the method of Crampton and Maynard (1938) has
been used here. As shown by Ferguson (1942) the method of Kurschner and
Hanak (1930), which is essentially the same as the Crampton and Maynard
(1938) method, gives values for "crude" cellulose somewhat below those
obtained with the Norman and Jenkins (1933) method. The values obtained

for "true" cellulcse were similar for both methods. The modification of
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the Norman and Jenkins method reported by Matrone et al, (1946) permits a
greater number of determinations per’ day than does the original method hut
not as many as the method of Crampton and Maynard as used in this study.

It can be seen from Table 13 that the method of determiring cellulose
used in the present work gave satisfactory reproducibility even though the
results shown include the error involved in pipettine from a suspension of
plant material., It is difficult to pipette suspensions of pith or cotton
lintors, but with these materials also, satisfactory agreement uamong repli-

cates was obtained,

The fermentation methods. The environmental conditions associated with

an in vitro fermentation method inevitably differ from those present when
rumen studies are performed in vivo. Cellulose digestion in the rumen may
be affected by factors which are modified or eliminated by the in vitro
method used and new factors may be introduced. These changes in environ-
mental conditions may or may not be desirable from the investigator's point
of view, but in any case they should always be considered when interpreting
data obtained in vitro.

The intermittent loss of portions of the fermentation mixture by pas-
sage from the rumen, a factor which complicates in vivo work, is convenient-
ly eliminated in laboratory fermentations. The loss of volatile fatty acids
and other materials through the rumen wall is another variable invclved in
animal work. In those fermentation methods in which no semipermeable
membrane is used, this loss is prevented, When a semipermeable bag is used
there is a loss from the fermentation mixture but in this case by dialysis,
it is quite possible that the loss of some materials from the rumen

while

is by selective abgorption. This possibility is supported by the work of a
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number of investigators with acetic, propionic and butyric acids, There is
little agreement as to the relative ra'es of absorption of these three acids
and some of the work is discredited by the finding of Masson and Phillipson
(1951) that the rate of the disappearance of these acids from the rumen does
not parallel their concentration in the blood draining the rumen. However,
it seems lilely that the acids are absorbed at different rates. Moreover,
Pennington (1951, 1952) found that rumen epithelium metabolized butyrate

in vitro to a much psreater extent than acetate,

There are other departures from rumen conditions that are evident in
labtoratory fermentation preccedures. The inoculum is small by comparison
with the massive inoculum present in the rumen when feed is introduced, and
usually strained rumen fluid is used rather than the whole rumen material.
Either of these conditions might lead to the development of a microbial
population that is different than the one normally occurring in the rumen.
In the methol of Burroughs et al. (1950), CO, is bubbled through the fer-
mentation mixture during incubation. It is possible that this technique
may decrease the partial pressures of volatile constituents cf the milieu
sufficiently to affect some of the reactions taking place within it.

In the laboratory fermentaticns, investigators have freguently used
gimple substrates such as glucose or cellulose which differ considerably
from the feed which the animal normally receives, That this induces an
atypical fermentation is indicated by the results obtained by a number of
workers. Elsden (1945) observed a greater production of propionic than
acetic acid when glucose, lactic acid, or cellulose was used as the sub-
strate. Marston (1948), using cellulose as the substrate, also found that

more propionic acid than acetic acid was produced. McNaught (1951) found
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that when maltose or xy;lose was used as thoe substrate more acetic acid than
propionic acid was produced but that the proportion of propionic acid was
greater than that produced in vivo. Belasco (1954b), using wood cellulose
as the substrate, found that a much gre=ter proportion of propionic acid
wag produced in vitro than occurred in vivo and that frequently more propi-
onic acid than acectic acid was produced.

On the other hand, the amount of propionic acid produced in vitro when
forages were used as substrates, though greater than that produced in vivo,
has generally been found to be less than the amount of acetic acid produced.
Elsden (1945), using dehydrated grass, Gray and Pilgrim (1950), using
alfalfa hay, and Gray and Pilgrim (1950) and Gray et al. (1951), using
wheaten hay, found a somewhat higher proportion of propionic acid in vitro
than is normally found in vivo. Balasco (1954b) found that the molar ratio
of propionic to acetic acid was higher when a protein meal was used as the
nitrogen source in vitro than when urea was used.

Another factor which may lead to departure from rumen conditions is
the use of an extended incutation periocd or of serial fermentations. It
seems likely that the effect of atypical conditions would be more pronounced
in a longer period of incubation than in a shorter one. The use of serial
fermentations results in considerable dilution of the original inoculum and
the continued subculturing may lead to more rapid growth with a possible
increase in the proportion of fast-growing microorganiams,

Examination of the fermentation methods used. In the experiments deg-

eribed in Experimental, Section I, exceptionally low values were obtained
for percentage cellulose Adigested when *the method of Huhtanen et al. (1954)

was used. With the technigue of Tasserman et al. (1952) much higher values
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had been obtained, although these too were considerably lower than many of

the values given in the literature., Since *he most obvious difference

between these two methods was that in the method of Wasserman et al. (1952)
G0, was continuously passed through the fermentation mixture, the possibil-
ity existed that the poor digestion of cellulose might be due to failure to
obtain anaerobic conditions. Quastel}and Stephenson (1926éa) have reported
that cysteine and other -SH compounds can be used to lower the oxidation-
reduction potential of a medium in order to make it more suitable for the
growth of anaerobic organisms. Accordingly, cysteine hydrochloride and
sodium thioglycollate were used with the fermentation of Huhtanen et al,
(1954). As shown in Table 1/ and Table 15 this treatment did not effect an
increase in cellulose digestion.

The percentage cellulose digestion obtained by Burroughs et al. (1950)
was higher than had been obtained in the preliminary experiments with either
of the methods used. In order to have a basis for further examination of
the methods, an erperiment was performed using the fermentation procedure
described by these authors. If comparable cellulose digestion could be ob-
tained the implication would be that* the low results herctofore obtained
were not due to manipulation of the sample before the in vitro fermentation,
and further work could be done to detormine the difference in fermentation
conditions which resulted in the low percentage cellulose digestion. A
number of different mineral solutions were used in order to determine their
effect upon the extent of cellulose digestion. A much higher percentage
cellulose digestion was obtained using this method, When the average
values for three successive 24-hour fermentation periods are considered

(Table 17), there appears to be little difference due to the mineral
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solution used. Although Complex No. 2 gave the most uniform results for the
three periods, the best results for the initial 24-hour fermentation were
obtained with the various modifications of the artificial saliva of
McDougall (1948). 1In agreement with results obtained by Burroughs et al.
(1950) and irias et al. (1951), higher percentage cellulose digestion was
obtained in the second fermentation period when +the mineral solutions
described by these authors were used. This may indicate an adaptation on
the part of the micrcorganisms. No similar increase was noted with the
other mineral solutions used., As shown by experiment No. B-1-9 to E-1-12
(Table 17) this increase was greater when a centrifuged inoculum was used,
but this may merely reflect the low first-period digestion obtained with .
centrifused inocula.,

The experiments using the fermentation procedure of Burroughs et al.
(1950) indicated that the low results previously obtained were due to the
conditions of the in vitro fermentation. The most obvious inference 1s
tha* the introduction of CO, during fermentation is required. However,
Tatle 18 shows that the percentage cellulose digestion increased with
decreased rate of passage of CO, through the fermentation mixture and was
greatest when no CO, was used except for mixing when the zero-hour samples
were taken. In these experiments a modification of the artificial saliva
of MeDougall (1948) was used, and when this mineral solution was used in
the fermentation procedure of Huhtanen et al. (1954) an even higher per-
centage of cellulose digestion was obtained (experiment No, S-15, Table 21).
It would appear that although a satisfactory digestion of cellulose could be

obtained when Complex No. 2 was used in the fermentation procedure of

Burrcughs et al. (1950), a different mineral solution was reguired to
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obtain appreciable cellulose digestion when the procedure of Huhtanen et al.
(1954) was used.

The raesults shown in Table 20 indicate that the unguitability of Complex
No. 2 was not due to its low calcium content. It can be seen that the per-
centage cellulose digested when Complex No. 2 was used, although consider-
ably lower than that obtained with the modification of McDougall's (1948)
artifieial saliva, is much higher than had been obtained in the preliminary
experiments. A possible explanation is that, in experiment No. S$S-19,
Complex No. 2 was gassed with CO, for a longer period than in the previous
experiments. This explanation would be in agreement with the fact that
values obtained for the percentage cellulose digestion when Complex No, 2
was used in the fermentation procedure of Burroughs et al. (1950) (Table 18)
were essentially the same as those shown in Table 20,

The results shown in Table 19 indicate that neither the use of
Complex No. 2 nor the continuous passage of CO, into the fermentation mix-
ture was responsible for the rather low values “or percentage cellulose
digested when the procedure of Wasserman et al. (1952) was used. In con-
trast with the results obtained using the procedure of Burroughs et al.
(1950) the greatest percentage cellulose digestion was obtained when COp
was passed through the fermentation mixture. No explanation can be offered
for this, except that the increments in percentage cellulose digestion were
so small as to suggest that they were apparent rather than real.

The results shown in Table 22 suggest that one factor responsible for
the lower value for percentage cellulose digested when the procedure of
Wasserman et al. (1952) was used is the low ratio of the volume of the

inoculum to the volume of the mineral solution., Possibly the concentration
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of an essential nutrient is lowered by dialysis into the outer liquid. One
compound which might behave in this manner is valeric acid. Bentley et al.
(1954a) found that n-val-ric acid stimulated the digestion of cellulose by
rumen microorganisms, and Bryant and Doetsch (1954) found that a combina-
tion of n-valeric and isovaleric acids added to a basal medium permitted

the growth of Bacteroides succinogenes without the addition of rumen fluid.

The results shown in Table 21 indicate that the semipermeable gac is
necessary for maximum cellulose digestion under the conditions used. The
greater alkalinity and higher salt concentration of the modification of
McDougallts (1948) artificial saliva used may have contributed to the lack
of cellulose digestion when the residue from 25 ml. was used. The anomalous
effect of added glucose, stimulation of cellulose digestion in experiment
No. $-16 and depression in experiment No, S-28, may be due to difference in
feed consumption by the donor animal. This animal was on hay alone but
occasionally received *he corn silage left by other animals, The sample
for experiment No. 5-28 was taken about one month after the sample for
experiment No, S-16 and about 1% hours earlier in the day.

Under the conditions used it would appear that the maximum celliulose
digestion and most reproducible results were obtained when a semipermeable
sac was used, the inoculum:mineral-solution ratio was small, CO, was not
passed through the fermentation mixture during incubation, and a modifica-

tion of McDougall's (1942) artificial saliva (Complex No. 3) was used out-

side the sac.

Factors Affecting Cellulose Digestion In Vitre

The effect of 2,4~D. Under the conditions used, 2,4-D had no appreci-

able effect on cellulose digestion as shown in Table 24. In view of the
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results of a later experiment (Table 35) it is unlikely that a 24~hour in-
cuhation period would reveal differences in rate of cellulose digestion
when alfalfa leaf meal is used as the substrate, particularly if these
differences existed early in the incubation period. The highest concentra-
tion used here probably approachei the levels attained in the rumen by
Mitchell et al. (1946) when they fed 5.5 g. of 2,4-D per day.

The effect of alkali treatment of corn fiber. The results shown in

Table 25 indica*e that treatment of corn fiter with lime, Tollowed by ex-
traction with water, appreciably increases the availability of the celiu—
lose to rumen microorganisms. This is in accordance with the work of
Ferguson (1942) on wheat straw ani wheat straw pulp. He found that the
alkali-treated wheat straw pulp gave an average digestibility coefficient
for "crude® cellulose of 87.7 and for "true" cellulose of 86.7. Each of
these digestibility coefficients was approximately 40% higher than the
corresponding vialue for wheat straw,

The effect of urea concentration. Most in vitre investigations have

involved the use of relatively smail amounts of non-protein nitrogen.
Burroughs et al. (1950) and Arias et al. (1351) have used a 0.1% concentra-
tion of urea in their in vitro work. Belasco (1954, 1954b) used a non-
protein nitrogen level equivalent to slightly less than 0.04% urea,
Agrawala et al. (1953), using a calf on a natural ration, found a concen-
tration of non-protein nitrogen in the rumen of 0,135% of the dry matter
just before feeding and 0.154% 6 hours after feeding. This was equivalent
to 0.037% and 0.043% urea, respectively, on the wet basis.

The effect of glucose concentration. The results shown in Table 28

indicate that concentrations of glucose up to 0.2% have no appreciable
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effect on the percentage of cellulose digested under the conditions useAd.
Arias et al. (1951) have shown that addition of readily available carbo-
hydrate at low concentration stimulates cellulose digestion. However, these
workers used serial fermentations according to the method of Burroughs

et al. (1950) ani averaged the results. Their greatest apparent stimula-
tion when readily available carbohydirate was added occurred in the first
and third periods. In these periods the percentage of the cellulose Ai-
gested in the abhsence of added starch or sugar was relatively low. This
suggests the possibility that the stimulating effect was actually the
overcoming of depressing forces such as sub-optimal conditions or nutri-
tional deficiencies. The method used by Hoflund et al. (1948), by which
small amounts of glucose were shown to stimulate cellulose digestion, was
too empirical to permit the estimation of the percentave cellulose digested.

The effect of added cobalt or vitamin B12. As can be seen from Tables 29

and 30, increasing the concentration of cobalt brought about a decrease in
the percentare cellulose digestion. However, the decrease obtained when
the method of Burroughs et al. (1950) was used with added urea and glucose
(Table 29) was much less than that obtained with the method of Huhtanen

et al, (1954). This may have been an artifact due to differences in the
conditions associated with the two methods or possibly the presence of
glucose and/or the higher level of urea when the Burroughs method was used
was responsible for a greater ability to tolerate high levels of cobalt.
Another, though remote, possibility is that a critical level of added
cobalt existed between 91 ppm. and 100 ppm.

As shown in Table 31, addition of vitamin By, up to 50 micrograms per

ml. did not have any appreciable effect on cellulose digestion, This does
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not mean that vitamin By5 is not requirnd for celluloss digestion, since
"o show this it would first be necessary to rigidly exclude vitamin By,
from the inoculum. On the other hand, it is possible that some other form
of vitamin 812 serves as a growth factor for rumen microorganisms. Ford
and Porter (1952) isolated a compound closely related to vitamin By, from
the rumen contents and feces of calves and Pfiffner et al. (1951) isolated
a closely related compound from the culture of a rumen anaerohe.
Examination of the cellulose digesting ability of rumen fluid ob-
tained from a steer receiving high doses of cobalt gsulfate daily also
indicated that the addition of urea to the in vitro fermentation increased
cellulose digestion (Tables 32 and 33). With the sample taken July 19 to
which urea was added the percentage digestion of the cellulose in Solka-Floc
was higher (81.8%) than with the sample taken July 14 to which no urea was
added (57.3%). With the sample taken July 31, the percentage digestion of
the cellulose in Solka-Floc, alfalfa leaf meal and unfertilized hay was
higher (69.9%, 51.1%, and 21.5%, respectively) when urea was added than
when urea was not added (46.8%, 44.3%, and 14.8%, respectively). The
reason for this difference is not apparent from the results. It is possible,
Lhowever, that the maintenance of relatively high levels of cobsalt in the
rumen results in the chelation of nitrogen compounds which are thus made
unavailable to the microorganisms. This could bring about a nitrogen

deficiency which would be counteracted by the addition of urea to the

in vitro fermentations.

Rates of Cellulose Digestion

Tables 34 and 35 and Figure I show the rate of cellulose digestion in

3olka-Floc and alfalfa leaf meal as determined in vitro. A comparison of
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the results obtained with these two substrates indicates a difference in
their rates of digestion. It can be seen that in & honrs 5074 of the amount
of the cellulose of the alfalfa leaf meal that was digested in 24 hours
had already been digested. With the Solka-Floc only 14% of the 24-hour
digestion had been accomplished within this period. On the other hand,
with Solka-Floc almost 60% of the 24~hour digestion was accomplished in
the last 12 hours of incubation while with alfalfa leaf meal only 20% of
the 24-hour digestion was accomplished within this period. Thus, the
rate of digestion of the Solka-Floc was slower in the first part of the
incubation and faster in the last part, while the reverse was true of the
alfalfa leaf meal. These observations suggest at least two possible ex-
planations. First, the alfalfa leaf meal may provide nutrients not fur-
nished b, the Solka-Floc. Since the Crampton and Maynard (1938) method of
cellulose determination also includes some hemicellulose, the faster initial
rate with alfalfa leaf meal may reflect a more rapid digestion of hemicellu-
loses., On the other hand, the differences in the rate of digestion may
indicate a difference between "native" cellulose as represented by alfalfa
leaf meal and treated cellulose as represented by Solka-Floc and the slower
initial rate shown by the Solka-Floc may be due to a period of adaptation
required by the change in substrate. In this connection, it is interesting
to note that McBee (1953) found a lag period of several hours in the diges-
tion of a shredded wood pulp in vitro, measured by gas production, by rumen
fluid from sheep on an alfalfa hay ration. Addition of the wood pulp to
the ration reduced the lag period to about 15 minutes.

However, *he curves obtained when Solka-Floe and cotton linters

(Figure I) were used as substrates were very similar in appearance. This
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suggests that the difference between “he curves obtained with alfalfa leaf
meal and Solka-Floc was due to some factor other than a structural differ-
ence between "native" anl treated cellulose. The decrease in the slope
after about 3 hours incubation may indicate that some required factor(s)
is present in the inoculum but is quickly utilized so that its concentra-
tion falls below an optimum level. Similarly, the increase in slope which
occurs later may indicate that the optimum level has been restored by the
activity of the microorganisms, that the organisms responsible for cellu~
lose digestion have adapted to the new conditions, or that certain less
fastidious strains have multiplied sufficiently to increase the rate of
cellulose digestion,

On the assumption that the cellulose digestion in the presence of
thymol might be an indication of the cellulase activity at the time the
thymol was added, experiments were performed with Solka-Floc and alfalfa
leaf meal as substrates and with thymol added after different periods of
incubation. As can be seen from Tables 38 and 41 (Appendix) and Figure II, a
different pattern was obtained when Solka-Floc was the substrate than when
alfalfa leaf meal was used. When Solka-Floc was used the cellulose digested
per hour in the presence of thymol increased with the time of incubation
without thymol up to 12 hours. The slight decrease in the hourly rate
when thymol was added at 16 hours may have been due to the limiting effect
of the substrate since 40% of the initial amount had been digested at this
time, and the hourly rate was calculated from the digestion over the last
8 hours in the presence of thymol. When alfalfa leaf meal was used as the
substrate the highest hourly rate of cellulose digestion in the presence of

thymol was obtained when thymol was added before incubation., Thereafter
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the rate of cellulose digestion in the presence of thymol decreased with
the time of incubation without thymol. Another striking difference between
the behavior of Solka~Floc and that of alfalfa leaf meal was the percentage
of cellulcse digested in 24 hours incubation with thymol. With Solka-Floc,
only 7% of the amount digested in 2/ hours in the absence of thymol was
digested in 2/ hours in the presence of thymol. With the alfalfa leaf
meal, 41% of the amount digested in 24 hours in the absence of thymol was
digested in 24 hours in the presence of thymol.

Table 44 (‘prendix)an? Ticure Il stow that the mattern of callulnce Hiocaation
in tre presence of thymol with co*ton linters as the substrate followed that
of Solka-Floc rather than that of alfalfa leaf meal. The reason for this
difference in behavior is not clear. However, there is no positive assur-
ance that the addition of thymol completely inhibits the action of the
microorganisms and it may be, because of the more complex array of organic
matter in the alfalfa leaf meal, that the microorganisms are not inhibited
to the same extent when alfalfa leaf meal is used as when the simpler sub-
strates are used. This would be in keeping with the greater percentage
cellulose digestion with alfalfa leaf meal when incubated with thymol for
24 hours (41% of the 24-hour digestion) as compared to the value obtasined
for Solka-Floc (7% of the 2/-hour digestion) or cotton linters (10% of the
2/~hour digestion).

Consequently, it should be emphasized that the results obtained when
cellulose was digested in the presence of thymol are merely suggestive and
further work is required before any definite interpretations can be made.
The lack of asasurance that the thymol completely prevented microbiological

activity indicates the advisability of treating the results with caution.
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Moreover, additional data should be accumulated to eliminate the pocsi-
bility that the apparent difference between the behavior of alfalfa

leaf meal and that of Solka-Floc and cotton linters was an artifact.

The results shown in Table 45 (Appendix) do not indicate any close
parallel between the digestion of the cellulose in different roughages as
determined in vitro and their digestion as calculated from digestion
trials. This is not surprising in view of the difficulty experienced in
estimating digestion in the rumen on the basis of values obtained for
fecal digestibility. Moreover, the in vivo results are average digesti-
bilities over a period of days or weeks and must to some extent be a
function of the rate and manner of passage of the ingesta through the

animal.



SUMMARY

—

Four methods of incubating rumen fluid for the purpose of studying
cellulose digestion in vitro were examined. Under the conditions used, it
was found that the maximum cellulose digestion and most reproducible
results were obtained when a semipermeable sac was used and the inoculum:
mineral-solution ratio was small., When CO, was pzssed through the fer-
mentation mixture during incubation, the percentage cellulose digested
was slightly lower than when CO, was used very briefly at the start of the
fermentation period. A modification of the "artificial saliva" of
McDougall (1948) was adopted as a source of mineral nutrients,

Cellulose digestion was increased by addition of urea up to 0.1% when
no readily available carbohydrate was added but decreased by additions of
0.15 or 0.20%. Addition of glucose up to 0.2% did not appreciably affect
the amount of cellulose digested.

Addition of large amounts of cobalt (up to 200 ppm.) depressed cellu-
lose digestion, the amount of depression being greater as the concentration
of the cobalt increased. Addition of vitamin By, (up to 50 micrograms per
liter) had no appreciable effect on cellulose digestion.

Inocula obtained from g steer receiving high levels of cobalt had a de-
creased ability to digest the cellulose in a wood cellulose, alfzlfa leaf
meal and timothy hay when incubated without the addition of urea. When urea
was added before incubation the inocula had a decreased ability to digest

the cellulose in the wood cellulose and timothy hay but the digestion of
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the cellulose in alfalfa leaf meal was essentially unchanged.

A comparison of rates of cellulose digestion in vitro showed that
the cellulose in alfalfa leaf meal was digested at a relatively greater
rate than the wood cellulose or the cellulose of cotton linters when

compared on the basis of percentage of 24-hour digestion.
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TABLE 36

THE EFFECT OF THE ADDITION OF AN INHIBITOR AT THE START OF
THE FERMENTATION PERIOD ON CELLULOSE DIGESTION

Experiment Inhibitor Treatment Cellulose
of inoculum digested
no. %
Fermentation procedure = Burroughs et al. (1950)1
B-14-1 None Uncentrifuged 31.0
B~1/-2 Thymol. Uncentrifuged 3.6
B=14-3 None Centrifuged 29.8
Bel/-/ Thymol Centrifuged 12.5

Fermentation procedure - Huhtanen et al. (1954)2

S=14-1 None Uncentrifuged 1.7
S=14-2 None Uncentrifuged 83.7
S=14-3 None Uncentrifuged £3.7
S=14=4 Thymol Uncentrifuged 6.0
S-=-14-5 Thymol Uncentrifuged 9.1
S-14-6 Thymol Uncentrifuged 10.4

1. Inoculum - 200 ml. of strained rumen fluid from
cow Mo. A=55
ilineral solution - Complex No. 3
Substrate - 1% Solka-Floc
Non-protein nitrogen - 0.1% urea
Readily available carbohydrate - 0.1% glucose
Incubation - 400 for 24 hours

2 Inoculum - 25 ml. of strained rumen fluid from
cow No, A=55
Hineral solution - Complex No. 3
Substrate - 1% Solka-Tloc
Non-protein nitrogen - 0.1% urea added to inoculum bottle
Readily available carbohydrate - not added
Incubation - 39°C for 24 hours
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TABLE 37

THE AMOUNES OF CELI'ULOSE DIGESTED WHE!T THYMOL WAS ADDED AT
DIFFERENT TIMES DURING THL FERMENTATION PERIODL

Cellulose digested

Experi- Thymol Based initial~< '

ment added at on s B?iiglgn

Repli- Average Average
cates
no. hr. % % 4

S=32-1 0 4.8
S=32-2 0 5.6
S=32-3 0] 5.9 5.4 7.3
S~32-4 3 14.4
S-32-5 3 21.0
S-32-6 3 14.6 16.7 22.6
S=32-7 6 16.2
S=32=-8 6 20.4
S=32-9 6 22.4 19.7 26.6
S=32-10 9 35.1

S=32-11 9 33.2
S-32-12 9 33.4 33.9 45.8
S=-32-13 12 61.2
S=-32-14 12 62.3
5-32-15 12 53.2 52.9 79.6
S=32-16 16 61.4
S=32-17 16 56.5
8-32"‘18 16 60 -4 5904 80.3

S=32-19 Not added 73.2
S=32-20 Not added 74.0
S3=-32-21 Hot added 749 74.0 100.0

1 Termentation procedure - Huhtanen et gl. (1954)
Inoculum - 25 ml. of strained rumen fluid from cow No. A-55
Mineral solution - Complex No. 3
Substrate - 1% Solka-Floc
Non-protein nitrogen - 0.1% urea added to inoculum bottle

Readily available carbohydrate - not added
Tncubation - 39°C for 3 to 24 hours
2 Based on the amount of cellulose present at O hr.
3 TExpressed as the percentage of the cellulose digestion
obtained in 24 hours
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TABLE 38

THE CALCULATICN CF THT AVERAGE HOURLY RATES OF CELLULOSE
DIGESTICHN IN THE PRESENCE OF THYMOL FROWM
DATA IN TABLES 34 AWD 37

B tanrreermr -
[t

Cellulose digestion

Tithout inhibitorl With inhibitor? Cellulose
Time Cellulose Thymol Cellulose B-4A digested
incu~ digestedl added at digested4 per hour>
bated () (B)
hr. % hr. % Z Z
0 7.3 7.3 0.30
3 2.9 3 22.6 13.6 0.65
3 13.6 6 26.6 13.0 0.72
9 2..0 9 45.8 21.8 1.45
12 L2.2 12 79.6 27.4 3.12
16 59.3 16 £0.3 21.0 2.63

1 Calculated from the dats of experiment No., S-25 (Table 34)
2 Qalculated from the data of experiment No. S-~32 (Table 37)

3 Expressed as percentage of the cellulose digestion obtained
in 24 hours

4 Expressed as percentage of the cellulose digested in 24 hours
in the absence of an inhibitor

5 During the exposure to thymol
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TABLE 39

THE RATE OF DIGESTION OF CELLULOSE IN ALFALFA LEAF MEALY

Cellulose digested

Experi- Ferment- Based on initial? Based ¢gn
ment ation final3
period Repli- Average Average
cates
no. hr. % % %
S-44-1 3 10.3
S<4fl=2 3 2.6
S=4/=3 3 10.0 10.0 22.2
S=41-4 6 17.7
S=44=5 6 17.6
S=4~6 6 12.8 18,0 40.0
S-44-7 9 26.5
S=44~8 9 26.6
S=-44-9 9 26.6 26.4, 58.7
S=4/4~10 12 32.9
S=44-11 12 33.8 .
S=44-12 12 33.7 33.5 Th.
S=44-13 15 36.6
S=44=1/ 15 34.1
S=44-15 15 35.1 35.3 78 .4
S=44=16 R4 4£3.9
S=44-17 R4 4L6.3 :
S"Zy!;,"l8 24, 1;4-9 4—5 -O 100.0

1 Permentation procedure - Huhtanen et al. (1954)
Tnoculum - 25 ml. of strained rumen 1luid from steer
No. 741
Mineral solution - Complex No. 3
Substrate - 4% alfalfa leaf meal
Non-protein nitrogen - 0.1% urea added to inoculum bottle
Readily available carbohydrate - not added
Incubation - 39°C for 3 to 24 hours

2 Based on the amount of cellulose present at start

3 Expressed as percentage of the cellulose digestion
obtained in 24 hours
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TABLE 40

THE AMOUNTS OF CELLULOSE DIGESTED WHEN THYWOL WAS ADDED AT
DIFFERENT TINES DURING THE FERWENTATION PERIODL

Cellulose digested

Experi- Thymol. Based on initial” Based on
ment added at final
Repli- Average Average
cates
no. hr. % % %
S=43-1 0 14.0
S=/3=2 0 12.1
S=43-3 0 5.8 12.0 26.7
S=L3=4 3 13.0
S=43=5 3 13.3
S-43-6 3 7.2 11.2 24.8
5—43‘7 6 260 5
S5-/3-8 6 23.8
S=43=-9 6 28.0 26.1 58.0
S=43-11 ° 32.2
S=43-12 ] 30.6 32.1 71.3
S-/3-13 12 4L0.4
S=/3=14 12 37.2
S=43=15 12 38.4 38,7 86,0
S-43=-16 15 43.8
S-43-17 15 5.1
S-43-18 15 Lt .6 LA .5 99.0

1 Fermentation procedure - Huhtanen et al. (1954)
Inoculum - 25 ml. of strained rumen fluid from steer No. 741
Mineral solution - Complex MNo. 3
Substrate - 4% alfalfa leaf meal
Hon-protein nitrogen - 0.1% urea added to inoculum bottle

Readily available carbohydrate - not added
Incubation - 39°C for 3 to 15 hours without thymol, 3 hours
with thymol (S-43-16, S-43-17, and S5-43-18 incubated
9 hours with thymol)
Based on the amount of cellulose present at start
3 Expressed as the percentage of the cellulose digestion
obtained in 24 hours in experiment No. S-44

N
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THE CALCULATION OF THE AVERAGE HOURLY RATES OF CELLULOSE
DIGESTION IN THE PRESENCE OF THYOL FRCI
DATA IN TABLES 39 AND 40

Cellulose direstion

Without inhibitorl With inhibitor? Cellulose
?1me Cellulose Thymol Cellulose B -4 digested
incu- digested3 added at digested4 per hour?>
bated (a) (B)

hr. A hr. % % %

0 26,7 26.7 8.9

3 22.2 3 2.8 2.6 0.9

6 40.0 6 58,0 18.0 6.0

9 58.7 9 71.3 12.6 L.2

12 Thod 12 86.0 11.6 3.9

15 78.4 15 99.0 20.6 2.3

1 Galculated from the data of experiment No. S=44 (Table 39)
Calculated from the data of experiment No. S-43 (Table 40)

3 Expressed as percentage of the cellulose digestion obtained
in 24 hours

4 Expressed as percentage of the cellulose digested in 24 hours
in the absence of an inhibitor

5 During the exposure to thymol
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TABLE 42
THE RATE OF DIGESTICN OF CELLULOSE IN COTTON LINTERSL
B T S R
‘ . Cellunlose digested
Experi- Ferment- Based on initial< eBas ed on
ment ation £inal3
period Repli- Average Average
cates

no. hr. % % %
S=47-1 3 5.3
S=47-2 3 6.2
S=L7-3 3 5.1 5.5 11.4
S=47=4 6 6.6
S=47-6 (&) 7.6 7.5 15.6
S=47-7 9 10.0
S=47-8 9 10.6
S=47-9 9 9.9 10.2 21.2
S=47-10 12 1.8
S=47-11 12 15.2
S=47=-12 12 13.1 14.4 29.9
S=47-13 15 23.2
S=47-14 15 24.0
S=47-15 15 24,.6 23.9 £9.7
S=47=-16 2L A7.5
S —47_17 24 49 . lvl'
S=-47-18 2/ 475 48.1 100.0

1 permentation procedure - Huhtanen et al. (1954)

Inocnlum - 25 ml. of strained rumen fiuid from steer
No. 741

Mineral solution - Complex No. 3

Substrate - 1% cotton linters

Non-protein nitrogen - 0.1% urea added to inoculunm
hottle

Readily available carbohydrate - not added

Incubation - 39°C for 3 to 2?4 hours

2 Based on the amount of cellulose present at start

3 Expressed as percentage of the cellulose digestion
obtained in 2/ hours



139

TABLE 43

TIE AMS?ETS OF CELLULOSE DIGESTED WHEM THYMOL Wil ADDED AT
FFERENT TINES DURING THE FERMENTATION PERICDL

P Cellulose dicested i
E?pell' Thymol Based on initial? “Based on
)ﬂent added a‘t finalj

Repli- Average K;E;QEE
cates
no. hr. A % =
S=-46-1 0 2.0
S=-46-2 0 1.6
5-46-3 0 bl 2.7 4.9
S=46=4, 3 6.3
S=46-5 3 6.9
S-46-6 3 6.7 6.6 12.0
S=456-7 6 11.0
S=46=8 6 2.7
S~-46-9 6 12.1 10.9 12.8
S5=/46-10 9 14.8
S=46=-11 9 18.7
S~46-12 9 15.7 16.4, 30.0
S-46-13 12 23.0
S-46=14 12 25.8
S~-46-15 12 26.3 25.0 A5.4
S=4h-16 15 32.9
S5=46-18 15 34.0
S=46=18 15 36.2 34.4 62.4
S=46=19 24 54,.0
S=46-20 _4 55.7
S=46-21 24 56.7 55.5 100.7
S-46=22 Not added 53.7
S=46-23 Not added 53.6
S=46-24 Not added 57.9 55.1 100.0

1 Fermentetion procedure - Huhtanen gt al. (1954)
Tnoculum - 25 ml. of strained rumen fluid from steer No. 741
Mineral solution - Complex No. 3
Substrate - 1% cotton linters
Non-protein nitrogen - 0,1% urea added to inoculum bottle
Readily available carbohydrate-- not added
Incubation - 39°C for 3 to 27 hours
2 Based on the amount of cellulose present at start
3 Expressed as percentasge of the cellulose digestion
obtained in 24 hours
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TABLE 4/

THE CALCULATION OF THE AVERAGE HOURLY RATES OF CELLULOSE
DIGESTION IN THE PRESENCE OF THYMOL FROM
DATA IN TABLES L2 AND 43

-

Cellulose digestion

Without inhibitorl With inhibitor? Cellulose
Time Cellulose Thymol Cellulose B = A digested
incu- digested? added at digesteds per hour
bated (4) (B)
hr. % hr. % % %
0 /‘(09 09 1.6
3 11.4 3 12.0 0.6 0.2
6 15.6 6 1¢.8 4.8 1.6
2 21.2 9 20.0 8.8 2.9
12 29.¢ 12 L5.4 15.5 5.2
15 L9.7 15 62.4 12.7 4.2
24, 100.0 24 100.7 0.7 0.2

1  galeulated from the data of experiment No. S-47 (Table 42)
2 Galculated from the data of experiment No. S-46 (Table 43)

E Expressed as percentage of the cellulose digestion obtained
in 2/ hours

4 Expressed as percentage of the cellulose digested in 24 hours
in the absence of an inhibitor

5 During the exposure to thymol
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TABLE 45

A COMPARISON OF THZT CELLULOSE DIGESTION OBTAINED IN VITRO TITH
THAT OBRTAINED I¥ DIGESTIOW T»IALS

Celluvlose digested

Substrate __In vitrol In vitro< Tn vivo
Repli- Aver- Repli- Aver-
cates agce cates age
% % 7% % %

2nd. cut alfalfa hay 51.6 41.8
2nd., cub alfalfa hay 50.9 51.3 37.6 41.6 51.7
2nd. cut alfalfa hay 45.3
Alfalfe-brome hay 42,3 38.9
Alfalfa-brome hay 39.9 1.1 2.5 37.4 52.5
Alfalfs-brome hay 40.8
Corn silage 38.6 38.7
Corn silage L7.3 43.0 35.5 34.2 4S.0
Solka-I"loc £1.9 £2.7 '
Solka-Floce 82.0 £€2.5 £2.0 22.2
Solka~Floc 82.3

1 Permentation procedure - Burroughs et al. (1950)
Inocwlum - 250 ml. of strained rumen fluid from cow No. A-55
Mineral solution - Complex No. 3
Substrates - Solks-Floc; hay and silage samples from digestion trials
Ton-protein nitrogen - 0.1% urea
Readily available carbohydrate - not added
Incubation - A0°C for 24 hours

2 Fermantation procedure - Huhtanen gt al. (1954)
Inoculum - 25 ml. of strained rumen rluid from cow No. iA=55

“iineral solution - Complex To. 3

Substrates - Solko-Floc; hay and silage samples from digestion trials
Non-protein nitrogen - 0,1% urea added to the inoculum bottle
Readily available carbohydrate - not aedded

Incubation - 39°C for 24 hours

3 804 of the fecal digestibility, determined by digestion trials



