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INTRODUCTION

Fermentation in the rumen of cattle is of major
significance to the nutrition and economy of man for its
conversion of abundant cellulose and low quality nitrogen
compounds to intermedlates in the production of meat, milk,
wool and leather. The fermentation is the result of complex
interactions of an unknown number of kinds of mieroorganisms
which can be modified by subtle changes of diet or rumen
environment. Methods for the study of mixed culture
fermentations are almost non-existant. The use of labeled
tracers provides one of the most direct approaches to
untangling the metabollic pathways through whiech products may
pass in this dynamlc system. To develop these methods,
gravimetric procedures were employed in preliminary studies
conducted in thls laboratory by J. H. Newman (28). Newnan
used unlabeled glucose, casein and sodium acetate or sodium
propionate to develop procedures for fractionation, drying
and oxidation. In Newman's final studles, uniformly labeled
glucose-c1u was fermented by rumen microbes in vitro for
1.5 hr. (Short incubation periods were used since it had
been determined by Moore (25) that rumen fermentations
become measurably abnormal in vitro both quantitatively and
qualitatively beyond 1.5 hr). It was hoped that the use of
radioactive glucose might help to locate the analytical

losses of carbon, as well as demonstrate the metabolic
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pathways of carbohydrate metabolism. The added glucose
represented one-tenth of the normal rumen glucose level as
measured by the notatin analysis {(unpublished results of
this laboratory). Both control and fermented samples were
fractionated into major groups of compounds followed by wet
oxldation of the carbon compounds to carbonate according to
a modification of the method of Van Slyke et al. (34), and
subsequent precipitation with Ba(OH)2 to BaCO3 for welghing
and counting. The results of Newman's final studies, Trials
1 and 2, are summarized in Table 1. The "wash" fraction
represented the aqueous supernatant from the second
precipitation of the protein and particulate matter fraction;
in later experiments this was combined with the first
supernatant from the protein precipitation. The per cent
carbon-14 recovery of the control subsamples compared
favorably with that of the fermented subsamples plus gas,
however, the low (77-88%) recovery indicated an analytical
problen. Carbon-i4 recovery was also low in the unfermented
sugar fractlions, although separation from the other fractions
appeared to be complete. The labeled sugar in the fermented
sanples was apparently fully utilized during the 1.5 hr
fermentation, since residual levels were comparable with the
contamination levels found for the amino aclids in the
control samples. Although the method showed promise, lack

of precislon and low total carbon recoveries required
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correction before studies could be made to determine the
many factors which control the rumen fermentation.

The present study was designed to increase the
precision of Newmant's analytical method and determine the
distribution of Clu from fermented uniformly labeled

glucose-c14

in various metabollc fractions of the major
components, such as the individual fatty acids in the ether
extractable fraction. Reduction of the analytical variation
was essential so that statistical analysis of the
fermentation process could be made. Comparison of the rumen
fermentation products from various radioactive substrates,
e.g. glucose, celliblose and cellulose, between animals,
between days within animals, between times within days, and
between rations within and between animals, was contemplated.
To this end, additlional experiments were conducted using
radioactive glucose and the wet oxidation procedure.

Changes were made in the ether extraction procedure, the

ion exchange column, and precipitation of the carbonate
resulting from wet oxidation. The complete fractionation
scheme and direct plating method, including an internal
standard, which was developed in the Experimental Procedure
is amenable to the study of the metabolism of labeled
conpounds which are important in rumen fermentation, since

all of the prineiple classes of carbon compounds which occur

in measurable guantities in the rumen are determined. Much
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of the analytlical variation was eliminated, however,
liquid-liquid ether extraction and sample preparation of
that fraction remains unreliable as a quantitative
procedure. Newer methods using scintillation counting
of unoxidized fractions in sultable solvents appear to

be advisable.
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REVIEW OF THE LITERATURE

The literature is replete with research reports
concerning the diverse rumen organisms, the symbiotic
relationship between these organisms contalned within the
rumen and thelr specific host, and the various facets of
rumen fermentation. The rumen and its activities have
aroused the curiosity and captured the fascination of
scilentists from the standpoint of both basic and applied
research., It would seem that every conceivable aspect of
the rumen and the activity of its specific microbes have
been attacked, yet many questions remain unanswered. The
many phases of ruminology are discussed in several excellent
Reviews (5, 6, 9, 17, 19).

The complexity of the fermentatlion reactions and the
dependence of the microbial metaboliec pathways upon numerous
environmental factors preclude most direct analyses of
individual segments of the rumen process. The application
of in vitro rumen fermentation (7, 10, 18, 21) and
radiolsotope tracer technique (2, 3, 4, 8, 11, 12, 14, 15, 20,
24, 29, 30, 31, 32) have offered the opportunity to determine
rumen fermentation pathways carried out by the mixed flora
and fauna under conditions like those which actually ocour
in the animal and upon which the animal is dependent.

It 1s well known that dletary carbohydrates are rapidly

fermented to volatile fatty acids and gasses by rumen



microorganisms, and that these fatty acids provide a large
portion of the ruminant's total energy requirement. Changes
in the rumen environment and/or the host's diet are known to
change the proportions of the volatile fatty acids produced,
which result in changes in milk and animal fat, rate of gain,
and productive performance, but the mechanisms of these
changes are obscure.

Bovine rumen microorganisms o:tained by supercentri-
fugation of rumen fluld from an alfalfa hay-fed steer were
used for 30 and 48 hr in vitro fermentations by Hershberger
et al. (16), to study the effect of low concentrations
(1 to 2 mmoles) of glucose and metabolic intermediates on
the cellulolytic actlivity of the microbes through the
conversion of these compounds and cellulose to fatty acids.
Alanine, «-ketoglutarate and lactate decreased the rate of
cellulose digestion, whereas pyruvate, malate, succinate,
aspartate, malonate, and glutanate had no effesct on the rate
of cellulose digestion. Approximately 40% of the celluloge
carbon and 50% of the glucose carbon were recovered in
acetlc, propionic, and butyric and higher aclds in the
ratios 13:21:9 and 16:24:1 respectively. The remaining
carbon was not accounted for. All of the metabolic
intermediates tested affected the metabolism of glucose to
fatty aclds, and all, except alanine, were metabolized in

part to fatty acids., Major metabolic pathways involved in



the conversion of glucose to fatty aclds were affected by
the added metaboliec intermediates. The decarboxylation of
succinic acid is the major pathway of propionic acid
formation.

Leffel (24) studied volatile fatty acid production by
washed rumen bacterial cells incubated with radloactive
glucose and acetate. Radlioactivity was determined in the
volatile fatty acids produced, and results were reported in
terms of the acetic, proplonic, butyrie, and higher fatty
acld fraction as per cent of the activity recovered in the
volatile fatty aclds. It was demonstrated that different
diets did affect the microbial population in such a way as
to change the proportion of fatty acids produced in the
washed cell suspenslons prepared from the animals on each
dilet, and that washed cells did effectively convert acetate
carboxyl carbon to butyrate. In the case of organlisms
obtained from animals on a high carbohydrate diet, acetate
carboxyl carbon appeared in proplonate and in higher fatty
aclid products. In the absence of a complete balance trial,
differences in the magnitude of the total fatty acid
production or other products of the substrates cannot be
ascertained. Washed c¢ell suspensions represent only a
portion of the microbial population and cannot reflect the
effect of rumen environment upon the individual species

present. That individual rumen bacteria are sensitive to



environmental changes has been established with pure cultures
by Lee and Moore (23).

Euseblo et al. (12) studied the dissimilation of
uniformly labeled g;lucose-cl'+ in vitro using strained rumen
fluid from Holstein heifers fed special diets. Strained
rumen fluid and the 4 hr in vitro fermentation products were
analyzed for volatile fatty acids at the end of each feeding
period. The results demonstrated again that the proportions
of volatile fatty acids change with changes in diet. A
change from a roughage-concentrate diet to an all concentrate
dlet resulted in a change in the acetate:propionate ratio
from almost 3:1 to about 1:1. The distribution ratio of 014
in acetate and proplonate was similar to the acetate:
proplonate ratios found in vivo. In both cases, acetic and
propionic acids accounted for 80-90% of the total volatile
fatty acilds, It was noted that dlet affected certain changes
in the proportions of butyric, valerie, and higher acids,
and that there were some differences in the percentage of
these acids between in vivo and in vitro experiments. No
data were given to show what per cent of the added activity
was recovered in the volatlle fatty acids, or in what
compounds the remaining Clu. if any, was found.

The metabolic fate of dlietary uniformly labeled
glucose-cla in a lactating Holsteln was studied by Otagaki

et al. (29). Respired Co,, samples of rumen and duodenal



- 13 -

contents, jugular and ruminal vein blood, and milk were
analyzed for carbon-14. Maximum carbon-i4 activity in
respired CO, was reached by 45 min, in jugular and ruminal
vein blood volatile fatty aclids by 15 min, and in plasma
glucose collected from the jugular and ruminal vein by

2 hr after the administration of glucose. The specific
activity of the rumen volatile fatty scilds was highest in
the first sample taken 1 hr after the introduction of
glucose (blood volatile fatty acid levels indicate maximum
rumen volatile fatty acid activity had occurred much
earlier), and no carbon-14 was detected in the rumen
volatile fatty acids after 24 hr, Of the milk constituents,
citric acid had the greatest specific activity followed by
milk fat, lactose and ocasein. The ratio of specific
activity of acetie, propionic, butyrie and higher acids in
the rumen volatile fatty acids was approximately 7.4:1.3:1.3.
No appreclable amounts of 014 in the volatlle fatty aclds
or glucose were found in duodenal contents. Most of the Clu
which was found in the duodenal contents was in the fraction
precipitated by alecohol and, although not identified
chenically, was presumed to be primarily cellular protein.
The per cent recovery of added Clu found in the volatile
fatty acids or other constituents was not given. A

comparison of these results with previous work in which

glucose-ci4 was injected intravenously into a lactating cow,
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shows the maximum specific activity of respired Co2 occurred
about 10 nmin earlier and was one and one-half times greater.
Lactose in the milk of this cow had the greatest specifie
activity and was about 40 times greater than the lactose
recovered after glucose-clu was added to the rumen; casein
and citriec acid also had greater specific activities and
milk fat a lower specific activity than after addition of
gluoose-ciu to the rumen. The distribution of C14 in milk
constituents after the intravenous injection nf acetate-i-ciu
and acetate—z-ciu more nearly resemble the results after
addition of glucose-cia to the rumen than after intravenous
injection of glucose~01u. The results demonstrate rapid
conversion of glucose to short-chain fatty acids by rumen
microbes, equally rapid absorptlion of the acids into the
blood, and extensive metabolism of gluoose-ciu before its
utilization in the cow's tissues. The conclusion, that
little, if any, glucose was absorbed directly from the
castro-intestinal tract is explained by the rapid conversion
of glucose-cll+ to fatty acids and rapid absorption of these
acids with oxidation of some of the aecids by the cow's
tissues. This resulted in the early appearance of activity
in respired COZ‘ Lower specific activity of fatty acids

from jucgular plasma compared with fatty acids from ruminal
vein plasma indicates additional fatty acid absorption by

the liver. The conversion of fatty acids to glucose and
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1ts release from the liver into the blood would account for
the higher specific activity of glucose in jugular vein
blood compared to ruminal veln blood.

Baldwin et al. (2) utilized strained rumen fluid from
three cows, each fed a dlet different in available
carbohydrate for in vitro fermentations of 45 min duration
with added glucose-l-ciu, glucose-2~ciu. or glucose-é-clu.

No attempt was made to aceount for all of the added
radioactivity, or to identify the metabolic products
containing labeled carbon except for that found in acetlce
and proplonic aclids. The results demonstrate that proplonate
is formed from the fermentatlion of glucose ln the rumen via
two pathways: propionate was labeled as though 70-100% was
formed via the randomizing (succinate) route and 0-30% via
the nonrandomizing (acrylate) route. As the available
carbohydrate increased, the contribution of the acrylate
nathway increased.

Bath and Head (3) obtained Cih labeled A -cellulose and
hemicellulose from perennlal rye grass grown in an atmosphere
of 01“02. Separate fermentations of these carbohydrates
were conducted in dlalysis sacs hathed in physiological
saline. Cheesecloth filtered bovine rumen fluld was added
to the sacs initially. At 12 hr intervals samples were

withdrawn from each sac for analysis (about 8% of the total

sac volume) and replaced with synthetic rumen saliva and



food similar to the cow's from which the rumen fluid was
obtained. After 36 hr cellulose or hemicellulose was added
to the fermentation. The fermentations continued for an
additional 48 hr after the addition of cellulose and 24 hr
after the addition of hemicellulose. Samples were then
taken and the volatile fatty aclds analyzed for Clu. No
data were given with respect to activity in the dialysate,
fractions other than the fatty acids, or per cent recovery
of total added activity. The results showed that acetic
and proplonic aeids acecount for about 90% of the volatile
fatty aclids produced from cellulose and hemicellulose when
fermented under these condlitions. The fermentations
produced acetate:propionate ratios of 1.7:1 for «-cellulose
and 2.4:1 for hemicellulose. In each case some higher acids
were produced, especlally n-butyrie and n-valeric acids.
The authors conclude that their results and those reported
by other workers show that the proportions of volatile
fatty acids from any given carbohydrate substrate are
largely dependent on the other constituents present in the
diet.

In related studies, Gray et al. (15) used acetic

Clu and propionic acid-i-ciu in an in vitro

acid-1-
fermentation carried on by rumen organisms from sheep on a
hay diet. Labeled acetate carbon appeared in all the higher

fatty acids, especially butyric, while labeled propionate
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carbon was found in valeric but not in butyric acid. It was
suggested that the higher fatty aclds were synthesized by
condensation of lower ones with a 2-C compound in equilibrium
wlth acetic acid. In subsequent in vivo experiments with
sheep, Gray et al. (14) found acetate~1~014 was converted

to butyric acid and to a lesser extent propionic acid.

PrOpionate-l-ciu

was partially converted to butyric acid and
to a lesser extent acetic acld, while butyrate—1—014 was
partially converted to acetic and proplonic acids. Sheppard
et al. (32) reported similarly that acetate carbon-1 was
partially converted to butyric and to lesser amounts of
propionic and higher acid fractions. They estimated that
acetate production in the rumen could account for 30% of

the maintenance requirement of the sheep.

Otagaki et al. (30) reported in vitro studies with
rumen microorganisms from strained sheep rumen ingesta
using labeled casein-clu. glutamioc aoid-i-clu. leucine-Bncih.
and carbon-14 dloxide. Carbon distribution was determined
among the steam distilled volatile fatty acids, the
microbial cells after centrifugation, and the CO, after
48 hr incubations of rumen fluid dlluted with buffer salts
and nutrients. Very little radioactive carbon was rfound in
the volatile fatty acld fraction after incubation with
radioactive CO,. Carbon from the 002 was fixed in beth

essential and nonessential amino acids. The prineciple
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decomposition products from the metabolism of caseln,
glutamic acid, and leucine were volatile fatty acids and
COZ’ indicating that proteolytic enzymes were present in
rumen fluid, and that deaminases or transaminases were
present for the decomposition of amino acids. Different
ratios of activity were found in the products for each
substrate. Total recovery of radioactivity ranged from

13% for the CO, trial to 61% for the leucine trial. No

2
attempt was made to account for the remaining radioactivity
or to identify the components of the fatty acid fraction.
The authors postulated a pathway by which rumen microbes
could degrade leucine to i1sovaleric acid. The active
metabolism of leucine to volatile fatty acids (50.6% of the
added 014) was contrary to the results reported by Sirotnak
et al. (33) with washed cells from the bovine rumen. Again,
this indicates that in the absenece of proper environmental
conditions, including co-factors, the washed cell technique
is inadequate. Hueter et al. (18) cautioned that the
results of only one or two-step reactions were valid using
the washed cell technique. Fulghum and Moore (13)
demonstrated that a large number of proteolytic bacteria
were present in the bovine rumen whioch were also capable

of producing fatty acids from glucose, the kind and amount

depending on the species.
Dehority et al. (8) obtained microflora by
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supercentrifugation of steer rumen ingesta, which were then
suspended in a phosphate buffer at pH 7.0, and supplied a
basal medium to carry on in vitro fermentations of
DL-valine-l—Clh. uniformly labeled L-proline-014 and several
netabolic intermediates of these amino acilds, for periods of
up to 30 hr., All of the added activity was not accounted

for, and a11 cl¥

products were not ildentified., The results
indicated that valine (the D-form was not metabolized) was
converted to isobutyric acid and proline gave rise to
valeric acid. The authors concluded that these amino acids,
as well as the proposed intermediates in valine, proline,
leucine, and isoleucine metabollism, which gave rise to these
fatty acids accounted for the enhanced digestion of
cellulose when these compounds were added to the basal
medium. Certain of these amino acids have been shown to be
required by cellulolytic rumen baocterlia. The function of
the fatty aclids in increasing cellulose digestion is under
study. In other experiments only 30% of added proline was
converted to valeric acid at the end of a 24 hr fermentation,
indicating that the conversion was not guantitative, It was
also found that valeric acid increased cellulose digestion
by a much greater extent than did proline. The basal medium
contained valeric acld except when the amino aclds or their

metabolites were being tested. When the addition of valerie

acid was delayed untll the fermentation had proceeded for



12 hr, a marked decrease in cellulose digestion was observed.
Apparently, cellulose digestion was limited in the early
portion of the fermentation with proline because of
insuffieient "cellulolytic factor", presumably wvaleric acid
or a netabolite thereof. This writer questions whether
these amino acids would be metabolized via the proposed
pathways when fatty aclds are present in rumen concentra-
tions.

Pazur et al. (31) reported the conversion of D-xylose-
1—014 and D--xylose-—-2--c14 into volatile organlc acids by
washed cell suspensions of rumen bacteria. Carbon diocxide
production from xylose~1~014. xylose—Z-Clu. pyruvate-l-cla.
pyruvate-3~clu. lactate~1-ciu. sucoinate-i-ciu and the
speciflc carbon labeling of acetic, propionic, and butyric
aclds were cetermined. The probable enzymatic routes of
conversion of substrate carbon to fatty acid carbon were
thereby indicated.

Jayasuriya and Hungate (20) investigated the fate of
lactate-2-C1¥ in vitro and found that lactate in the hay-fed
steer was not an inportant intermedlate in the rumen
fernentation and was not a precursor of the formed
propionate. In grain-fed animals, lactate represented as
much as one-sixth of the total converted substrate. The
distribution of volatile fatty aclds produced from lactate

by both hay-fed and grain-fed steers, expressed as the



average recovery of the total volatile fatty acid activity,
was acetic acid 81%, propionic acid 14%, and butyric acid
5%, Discrepancies between isotopic and manometric results
of lactate fermentation apparently arose from the
interaction of lactate intermediates with intermedliates
from substrates other than lactate., Bruno and Moore (4)
used various labeled substrates to follow the formation and
subsequent conversion of lactioc acld to fermentatlon aclds
by bovine rumen ingesta in vitro. This work demonstrated
that the distribution of fatty acids resulting from (a)
glucose fermentation, shifted as fermentation time increased,
and (b) the fermentation of commercial alfalfa meal, differed
at various buffered pH levels after a 2 hr incubation. When
uniformly labeled lactiec acid-ciu was fermented at pH 6.3
(the pH at which rapld lactate metabolism occurs), 35% of
the added activity was converted to acetic acid and 9% to
propionic acid. Thirty-three per cent of the activity was
recovered in the aqueous residue after ether extraction,
with the remainder distributed in the fermentatlion gases
and other fatty acids. Hence, at pH 6.3, carbohydrate
converted to lactie acid as an intermediate was ultimately
converted primarily to ascetic acid, which agrees with the
results of Jayasuriye and Hungate (20).

Allison et al., (1) found that ethanol was consistantly

detected in rumen material from both cattle and sheep after
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they had been fed large amounts of readily fermentable
carbohydrate. This was especially pronounced in the rumen
contents of sheep overfed with cracked wheat and suffering
from acute indigestion. The authors also report, "Most
samples of ruminal material from animals on hay rations
contaln very small quantities of ethanol or none at all."
Moomaw and Hungate (26) reported that ethanol was produced
by some common rumen bacteria in pure culture, but that
ethanol did not acoumulate in the rumen. Using manometric
and tracer techniques, they showed that the rate of ethanol
metabollism in the bovine rumen was slow and was not an
inportant extracellular intermediate in the rumen of normal
animals.

Although a varliety of analytical methods have been
used by different groups of workers, the results of
experiments dealing with rumen metabolic pathways are in
senersl agreement. Volatile fatty acilds are the major end
products of carbohydrate fermentation and supply the major
source of energy for the host. The reports indicate much
metabolic conversion of these volatlle fatty aclds occurs
as a result of mieroblal activity. It is apparent that
few of the rumen metabolic pathways, and the enzymes
involved, are known. It is interesting to note, however,
that none of the experlments reviewed attempted to account

for the fermentation products of the test material among
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each of the major groups of bilologically important

compounds.
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EXPERIMENTAL PROCEDURE

Trials 3 and 4 were conducted with rumen fluid from a
fistulated Holstein utilizing the fractionation scheme and
wet oxidation procedure developed by Newman (28). In these
experiments, however, the carbonate was precipitated with
a mixture of BaCl, and Ba{OH),. This modification allowed
a titrimetric and gravimetric determination of the amount
of carbon in each fraction, as well as a count of the
radloactivity.

Before Trial 4 was conducted, a check was made on the
purity of the stock radioactive glucose solution. A sample
of the solution was chromatographed by descending strip
paper chromatography using a 2 hr equllibration perlod and
overnight development in a 65% isopropyl alecohol - 25% water
- 10% glacial acetic acid solvent system. When developed
with para-amino hippuric aclid reagent, the chromatogram
revealed a single colored spot:; when run through a strip
Geiger counter, a single radloactive spot was observed
coincident with the colored spot and corresponding to the
RF of glucose. As a result of the large variation between
duplicate analyses and low recovery using the wet oxidation
method in Trials 3 and 4, a new set of experiments was
conducted using a similar fractionation scheme, but a 45 min
fermentation and a direct sample plating procedure. This

method was so much more convenient that two fermentations



-25-

and their controls could be run simultaneously. Contrary to
preliminary experiments, total carbon was not determined;
total added carbon-il was accounted for, however.

The fistulated steers used in Trials 6 through 10
(Table 2) were confined to box stalls and fed a maintenance
ration of good quality mixed grass hay and water ad libitum,
and four pounds of 124 protein concentrate once a day at
8 AM. For each animal tested, rumen ingesta, from the
middle of the rumen and about 8 inches below the surface of
the ingesta, was removsd and squeezed through two layers of
cheesecloth to obtain approximately 1 liter of rumen fluld.
Within 15 min of removing the ingesta from the rumen the
experimental fermentation was started. No provision, other
than the lar;e sample size, was made for keeping the fluild
at 39 C in transit. After a second filtration through two
layers of cheesecloth and agltation to resuspend particulate
natter, a 25 ml sample of rumen fluld was placed in a 50 ml
polyethylene fermentatlon bottle (Pigure 1) and gassed with
synthetic rumen gas (65% CO,, 34% CH,, and 14 H,). One nl
of aqueous uniformly labeled gluoose—clu solution
(approximately 23.5 million disintegrations per min per ml;
12.3 mc) was added to the bottle, which was then connected
to a closed mercury manometer system and burette for the
collection of gas. During incubation, the sample was

agitated mechanically and maintained in a 39 C water bath.



- 26 =

TABLE 2

Experimnental deslen

Trial Day Animal® Time Date ?ﬁegfxr
and 6 1 1 and 2 10 AM 4/7/60 2
and 8 2 1 and 2 10 AM  5/5/60 2
and 10 2 1 and 2 2 PM 5/5/60 6

Animal 1: 3.5 year old Holsteiln steer; also used in
Trials 2, 3, and 4. Animal 2: 1.5 year old Jersey steer.
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After 45 min, 0.5 ml of 18 M H,50, plus 2 drops of Nalco
71-D5 antifoam were rinsed into the fermentation bottle with
distilled water through the three-way stopcock. The temper-
ature of the water bath was reduced, and sheking was
continued until the foam was broken, A partial vacuum was
maintained durine the acidification and defoaming perlod.
The gas was extracted under negstive pressure for two Lo
three min and the bottle was then squeezed until the liquid
contents reached the three-way stopoock where the mas was
separated from the liguid., Distilled water wac used to
flush the capillary as the bottle was allowed to expand.

As soon as the fermentation was started, a second
25 m) rumen fluid sample (control) was acidifled with
0.5 ml of 18 N H,304, and 1 ml of uniformly laheled
glucose-c14 solution plus 2 drops of antifoanm were added
and mixed.

The volumes of the control sample and the fermented
sample were determined after quantitative transfer to a
graduated cylinder. Each sample was stirred to suspend the
particulate matter and 2 ml of material from both the
control and fermented samples were taken for analysis as
subsamples. In Trials 3 and 10 one ml of 2 N NaOH was added
to each subsanple to hold the fatty acids. The remainder
of each sample was stirred and divided into two measured

aliquots, duplicates 1 and 2, and fractionated according
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to the following scheme prior to determination of the
radiocarbon in each fraction (Figures 2 and 3). Each
duplicate was transferred to a 50 ml stainless steel
centrifuge tube with the addition of 2 ml of 25% ZnS0),
solution according to the method of Neish (27). The pH of
the liquid was adjusted to 7.6-7.8 with 2 N NaOH using a
pH meter. The tubes were stoppered and the precipitated
protein and particulate matter separated from the liquid
by centrifugation for 30 min at 20,000 x g in a refrigerated
centrifuge. The supernatant was then decanted into the
continuous liquid-liquid ether extraction apparatus, while
the precipitate was resuspended in distilled water., Again,
2 ml of the 2nS0y solution was added and neutralized with
NaOH and the precipitate separated by centrifugation. The
second supernatant was pooled with the previous supernatant,
acidified to pH 2 with 10 N H,580, and extracted with 100 m1
anhydrous redistilled ether for 24 hr. The ether extract
was trapped in 5 ml of 5 N NaOH in Trials 5 through 8.
Visible '"puddles" of water on the plated hygroscoplc ether
extract samples from Trials 7 and 8, coupled with low total
recovery, suggested decreased counting efficlency was
responsible for the "lost activityv. In Trials 9 and 10,

2 N NaOH was used to trap the ether extract. After
extraction, one ml of the NaOH from each of the fermented

samples, but not the control samples, was pooled and used
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for column chromatography of the short-chain fatty acids
according to the method of Bruno and Moore (4). The fatty
acids were transferred to 5 ml of 0.2 N NaOH in Trial 5,
but to 5 ml of 2 N NaOH in Trials 8, 9, and 10, by
evaporating the benzene-ether solvent away in a bolling
water bath. The remainder of the NaOH was neutralized to
pH 8 with 8 N HCl and counted as ether extract. The
aqueous residue was neutrallized to pH 7 with HCl and
evaporated to approximately one ml. This material was
adjusted to below pH 2 with 8 N HCl and quantitatively
transferred to an ion exchange column (Figure 4). The
column was prepared from Amberlite IR 120, Type 1 cation
exchange resin. The sugars and uncharged molecules in the
aqueous residue were eluted from the column with 4O ml of
0.01 N HCl. Elution of the amino acids and other charged
molecules with 150 ml of 8 N HC1l followed. The preclplitate
was suspended in distilled water and pH adjusted to
approximately 8, then transferred to a graduated cylinder
for measurement.

The fermentation gas was analyzed on a precislon mine
alr analysis apparatus. The CO, was trapped in 190 ml
0.2 N NaOH and the CH4 was oxldized over a hot platinum wilre
to 002 and trapped in a separate portion of NaOH.

Triplicate samples of 0.2 ml of each fraction were

direct plated on stainless steel planchets (first cleaned
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Fig. 4. Ion-exchange resin column.
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with absolute ethanol and acetone) for counting in a
Nuclear-Chicago D-47 thin window gas flow Geiger counter.
The Q gas used in the counting system was a mixture of

98.7% helium and 1.3% isobutane (Nuclear-Chicago Corporation,
Des Plaines, Illinois). Each sample was slowly applied with
a micropipette while the planchet was rotating on a sample
spinner, and dried slowly with a heat lamp. Those fractions
which contained fatty aclds or C02 were plated at a slightly
alkaline pH, while the other fractions were plated at a
slightly acid pH. The sugar fraction, for example, was made
alkaline to brome phenol purple (purple) then slightly acid
(yellow) and plated. To prevent the flow of the sample to
the edge, the outer edge of each planchet was ringed with a
thin layer of petroleum jelly. Two drops of 5% Sparkleen
detergent solution were added to each sample to ensure
uniform plating. Subsamples of each fractlion containing an
internal standard of 0.01 ml (0.128 «ec) of a reference
uniformly labeled gluoose-c14 solution were also plated in
triplicate to allow direct correction for geometry, self
absorption, and efficiency. Because of the high amount of
radiocactivity in the 2 ml subsamples, they were neutralized
to pH 8 and diluted with water to a calculated 504 rumen
fluid before plating 0.2 ml. Dilution to 50% rumen fluid
permitted slower, more accurate counting and uniformity

among all of the subsamples. In Trials 9 and 10 the
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subsamples were diluted to approximately 504 rumen fluid by
the addition of 2 ml of 2 N NaOH to hold the fatty aclds.
The precipitate fraction was plated in the presence of

2 drops of a 1% solution of gelatin to stabilize the
material on the planchet. Very alkaline samples, such as
the ether extract and the fatty acids from the column
chromatography, were found to be hygroscopic. To overcome
the resulting counting absorption problem, all samples and
their internal standards were deslcoated over P205 overnight
and exposed to the humidity of the counting room for at
least one hr prior to counting. All samples were counted
twice with a sufficient number of counts accumulated to
ensure counting precision. The first count was made the day
following plating. The amount of radioactivity to be found
in each fraction, or subfraction in the case of the fatty
acids, was determined through calculations outlined in the
Appendix.

With the development of a direct plating procedure,
experiments could be completed fast enough to allow an
improved experimental design. Two samples were fermented
simultaneously according to the schedule shown in Table 2.
This design allowed an estimation of the varliation between
animals, between days within animals, and between times

within days, which served to illustrate the practicabllity

of the method.



- 36 -
RESULTS AND DISCUSSION

The results of Trials 3 and 4 in the present study
are presented in Table 3, and are similar to those obtained
by Newman (28) in Trials 1 and 2., Considerable difficulty
was encountered in the oxidation of the ether extractable
fraction and in determination of the titrimetric end points.
The data in Table 1 and Table 3 illustrate the extreme
variation in carbon recovery with this method. In every
instance the recovery of radiocactive carbon was low. The
large varlation in the ether extraot and sugar fractions
appeared to account for the major part of the variation
in the over-all results.

The results of Trials 5 through 10 are summarized in
Table 4. In general, the duplicate analyses for the control
fractions agreed. The values for Trial 7 control ether
extracts, indicated by footnote a, were higher than observed
in any other trials. It was noted at the time of analysis
that the aqueous phase in the liquid-liquid extraction
apparatus contaminated the ether extract NaOH trap. Thus,
the ether extraect value was higher and the sugar and/or
amino acid value correspondingly lower. The large error
between sugar duplicates in Trial 5 and amino acld duplicates
in Trial 9 could not be explained. Since labeled glucose
was added to the rumen fluld after addition of H,50y and

cessation of fermentation, all of the radioactive carbon



- 37 -

Buipeo J903J8 Iy GG ueywg ajduwes !

‘PelBUIlsH o

*gquiod pue 9TJIJLUWIJIFTY J00d o

*ganpoeooad uoO[3EPIXC JO asmnwoaq 3807 soTdmeg qQ

*65 /22 /4 uo

BILL U] PosSn J393S UTS3STOH PeIsBIN3sSTd g

417924 £h°169 L3162 6%’ §9°24 £0°68 1®30L
90°21 el 1o
99°8 €2°11 91°9% €00

€€ e 4#8°0 T0°4 02°9 St1°¢€ L2'1 aIBING,

poht-O%1 o= 85°4T 62°6 £2°0 81°0 uDPIOB oulwWyy

L § ¢ ©18°28¢€ 12° 141 TH°6LE +#0° 04y 22° 1S 30BI3X8 I9Y3H

£€9°111 68° 911 04°611 29° I8l #e°2T L9°61 wU1930adu

82°01¢€ 10°29¢ g80°282 72 €52 06°49 8L " 49 a1dwesqug
Iy S°1
- - Nm»mmm 94° 4f 1830L

90 ° 6411 99°212 24°8%2 1°71 68°81 udBINGy

o= Q- 90° L€ - 950 - uPIO® outmy,

Nl 91°S0¢ Q- wm.#nm - mw.mﬁ 308I3X3 Joy3d
16°48 0824 94°08 19°89 mm.ﬁ g2 aUT930ddu
h* 8EE 91°902 TH4EE 147422 #6°$8 Gl €6 eTduesqng

Y 0

2 i3 2 1 2 1
qonbiTy  jonbyly jonbiIv  jounbyry joubiTy  3ounbiTy U0T308IJ

uoqJas) wudw uoqJIs) wdw 0 £I04009Y ¢

QTJIJOWTIZTL OTJIj39utABIY .a.n

g TBIIL
4 puB { STBTJLL :uol3snquod
oM £q pazLTeuB SUOT30BIJ POjJUSUWI®] PUB TOJIFJUCD UF :ﬁo 3o uoyanqiIazsId

€ FTaVL



- 38 -

*sysdTvur 04 J0TId 3soT oTdues seH g

*squtod pus 9[IFOUTIFTSF I00d

6574/ uo 3
JUIpeag J93JB IY G°¢ usy®ey opduws ‘g [BIJL U] posn I9918 UJS]STOH PajBINIsSid 5
10" #h¢ ‘6Ll £5°649 25°89 3£°Q9 S6°49 Te304
- - - wdmo
2
- - - 00
L2*L 88°S 98°9 .8°2 0£°2 80°% uI8ING
Ma mo 264 I€°1T i5°0 S0°2 uPI0® OUTWYy
GL-G6S 26°62¢€ 95°22§ 29°022 16 °4h G1°1$ 308I3X3 JI9Y3H
66° 041 88°4NT €z Nt 2L EET £6°21 €T uUT930Xdn
90642 LheSde ©0° V42 LL°622 £6°24 L1°69 oﬁmaamnsmm
Iy §°1
X 83°23¢ mm.onm mm.mm 9l 28 15300
81°¢t 2* 842 02°1 00°g2 uIBING 4
- 3~ €L21 L0°8g 42°0 IT°1 uPTo8 oUWV
wm.om« g81°692 €0°691 #5° 6971 ©2° 0t SH° g 39BI1X9 JISY3H
80°HiT A" 191 28°191 91°951 16°4 02°¢ uwUT930Xdu
£H°01¢ GE* 12y 62°852 02°952 g2 €6 46°88 s1dussqug
4 0
2 1 2 I3 2 3
jonbyty  joubyTy jonbiTy  qonbyily gonbiTy joubilv uoijoeId
uoqJxe) wIuw ueqJIs) wIw :ﬁo £x90000Y ¢
OTX32UTIQTL STIjaWwWiAID
oft TBTIL

(Pi3u0d) ¢ HTEVL



-39 -

*3X93 890 9 puwB ‘g ‘wy

0(98 60N, (85 20¥%) o(81 79),(08°8%)
_En°4g - ohcER 11°28  42°6L  98°66  S#°96 61°001 " 92° 46 18300
§z°0 12°0 42°0 82°0 o
4O #1 z2°21 69°€1 Gz 11 200
rAAE $€°9 81°¢ IS 09°4H g€ €5°¢ 16°¢ ulBIngu
64°1 64°1 €4°1 28°0 11°0 20°1 H2' € 66°0 wDTOB OUTUV.

g{&h°49) q(92°42)
€0°1S 82°8Y% 2L 0 BE°SE i°09  L46°19 L2°19  24°09 398BIX9 J9Uld
19°61 o0i-2t g6*ze  #1°S2 G491  S0°91 29°02 2S°dll 9383 1dTo0ad

#1°08 48 gE *#S 05° €€ e1dwesqug
‘WISA-IY G° T
wm.mm L£°96 15°50% mm.mmﬁ 46 ° 68 830
Hi* L8 9°88 90°*48 *48 0¢°1 89°4 mo.mm =nwmwmm
o1t 62°1 42 ¢6°0 #8°0 09°0 88°¢€ 21 uPTO8B OUTWV.
26°0 16°0 #5°21 I18°6 681 €62 141 €6°T  39BI3XS JI9Y3dl
g1 L 05°¢S 9%°9 20°4 £0°6 86°9 18°9 #2 6 9383 TdTo0xd
¢g° 601 L4 L0T G9°¢C1y 91°121 eTdwesqng
. . _ Joxjuop=Iy Q
2 1 F7 3 2 1 F 1
qonbiTVy qoubiry gonbilv jonbiTy 3onbiiv 3onbyTv 3JonbiTv 30oubilv UOTIOBLI
dﬁo £I04009Y ¢ :ﬁo £Io4009Y ¢ :«o AIoA009Y ¥ dﬁo £I34009Y ¢
WY 01 HV 01 HV 0T WY 01
Zz feg ‘z Teutuy ¢ LeQ ‘y Tewiuy T £wg ‘g TeWiuy [ 4£sQ ‘1 THUTUY
g TBTILL 4 TBetal 9 T®TalL ¢ Tetay

01 ysnoays & STBILL :Jupjerd
100XTp £q POzZATBUB SUCTIOBIJ PIJUSWIS] PUB TOIJUOD UT dau Jo uoi3nqiI3sid

t ATVL



- 40 -

"3X03 998 ;5 puw ¢q ‘®
o (8 H79)g(£6°25) 5(55°29),(81°08)

340R4  F9°2h 8E°0S6 — 9€°49 18308
820 #1°0 # o)
#0°41 11°91 0D

S € 9€ 4 £8° 41 en°e udBINg

6€°0 GE*O 9€°0 9€°0 uDTOB outmvy

ql{1%°91) q(28°51)

H9'€E  60°9 SH€ 00°0¢€ 308BI3XS JI9Y3F

16°9T 06" 41 62°ST  €€°41 o383 1d100xg
84°€9 g4°29 s1dussqng

‘wWIBI~IY S° 1
“49 mw.mm 16300
8°9 mm.m.m. 06°2 uIBBNG
€6°1 2H°0 64°0 €6°6 wPTO® OUTWY,
06°¢€ €0°¢ LL°T 1€°2 308I3X9 JI3Y3d
we'y 41°2 L0°4 £0°9 9383 1dyo9oad
8424 Lt hb s1duesqng
— Jox3uod—Iy Q
] 1 3 1
jonby1y jonbiTy 3onbyly jonbyty UOT308Ig
Ho AX2A000Y % dﬂo £x20000Y ¢
"o wg oz Wd 2
2 L@ ‘z TeUWIUY ¢ LeQ ‘T TBUTUY
01 T®TalL 6 TBIa

(p13uod) 4 TTAVL



- 41 -

should have been recovered in the sugar fraction. However,
incomplete fractionation apparently led tec some contamlinatlon
of each fraction, especlally the precipitate fraction where
4.9% of the activity was recovered in 5 of the 6 trials.
Although two washings were thought to be sufficlent to

remove such a soluble material, this contamination probably
resulted from glucose being trapped within the precipitate
and particulate material, due to incomplete washing and
resuspension for the second centrifugation. This problem

was recognized after Trials 5 and 6 and a separate check on
sugar recovery from two ion-exchange resin columns was
conducted. One~hundredth ml of glucose--c14 was placed on
each column and eluted. Triplicate samples of the eluent
from each column were plated in the acid condition while
others were neutralized before plating. This test indicated
that sugar was uniformly stripped from duplicate columns
and there was no difference between the samples. Although
internal standards were not prepared here to check
quantitative recovery, samples of lon-exchange resin counted
after elution of glucose showed no residual radioactivity.
After Trials 7 and 8, a check was made to determine whether
glucose was destroyed in alkaline solution. Two 5 ml
solutions of 2 N NaOH plus 0.01 ml of radioactive glucose

solution were prepared on day i, and plated and counted at

various intervals of days apart. Some variation occurred



due to absorption of water by NaOH, but no loss of glucose
was indicated either in solution or on the planchet. The
recovery of 014 in subsamples within and between Trials 6
through 9 was good, while recovery was too high in Trial 5
and too low in Trial 10. Duplicate control subsample
analyses should have been made. The difference between
average 014 recovery of the totals, excluding very low
sugar recovery of Trial 5, Aliquot 2, and the recovery of
the subsamples shows a range from -39.70% in Trial 6 to
+7.17% in Trial 10. In general, however, there was
agreement within each fraction for all trials, indicating
that the fractionation scheme was basically sound.

The recoveries of clb in fermentation sugar fractions
were similar to those obtained in the 1.5 hr fermentations
in the preliminary trials, indicating that glucose was
rapidly and completely fermented within 45 min, High cl¥
recovery in the sugar fraction, Trial 9, Aliquot 2, appeared
to be due to poer ether extraction.

The fermentation ether extract values, Table 4,
footnote b, in Trials 5, 8, 9, and 10, were the per cent of
total radiocactivity added to the fermentation sample as
determined by recovery from silicic acid column chroma-
tography, and the corresponding change in total Ci&
recoveries (Table 4, footnote ¢) using these figures rather

than the ether extract values determined by direct analysis.
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Ciurecovered from

Considerable variation existed in the
fermentation subsamples in each trial. Fermentation totals
within each trial agreed except for the error created by
very low ether extract recoveries obtained for Trial 9,
Aliquot 2, and Trial 10, Aliquot 1. Although the ether
extract value from the silicic acid column improved the
total results in Trial 8, Trials 5, 9, and 10 were worsened.
After Trial 8 the NaOH used to trap the ether extract was
reduced from 5 N to 2 N. This was expected to reduce the
nlogs" of fatty acids by improving the counting character-
istics of the samples. However, improved recovery of C:ﬂ+
in fatty acid fractions, hence total recoveries, in Trials
9 and 10 was not realized., A comparison between the per
cent recovery of total radioactivity added in glucose and
the per cent recovery of radloactivity in the averaged
ether extract fraction data for Trials 8, 9, and 10,
presented in Table 5, indicated that fatty acids were lost
prior to total ether extract or chromatographic analysis.
The similarity of data for Trials 9 and 10 (Tables 4 and

5) implied that reduction in normality of NaOH used to trap
the ether extract reduced actual recovery of fatty aclds
from the ether extract much more than did the apparent loss
due to counting efficiency. After Trial 5, the increase in
normality of NaOH, from 0.2 to 2.0, used to trap fatty aclds

from the silicic acid column, resulted in increased per cent
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TABLE 5

Distribution of C14 in fermentation ether extracts:

Trials 5 through 102

Acid fraction Trial 5 Trial 8 Trial 9 Trial 10
C5 0.25 2.88 0.30 0.22
cy 11.32 9.48 6.32 4.03
C3 7.86 2.60 7.21 8.39
C, 79.17 51.50 85.44 86.27
01 0 0.47 0 0
Suceinic 0.50 0.66 0 0
Lactlic 0.90 3.41 0.72 1.10
Water bath - 29,02 0 0
Total % 100.00 100.02 99,99 100.01
% recovery of total

radioactivity

added in glucose 25.26 67.45 15.82 16.41
% recovery of

radlioactivity in

averaged ether

extract fraction 41,54 134,20 94.59 82.60

a

Ether extracts not chromatographed for Trials 6 and 7.
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recovery of radioactivity in averaged ether extract
fractions. Variation in ether extract and fatty acid
analyses apparently accounted for the low total recover%es.
Although total recoveries were not 100%, they were good in
Trials 5 through 8, and consistant with subsample recoveries
in Trials 7 through 10. The results of duplicate allquot
analyses for both control and fermented samples in Trials 7
and 8 were excellent.

The distribution of ci¥

in fatty acids of the ether
extract fractions is recorded in Table 5. When the
chromatographed fatty acids were transferred to NaOH by
evaporation of the solvent layer, the appearance of
phenolphthalein in the water bath was thought to indicate
minor spillage on the outside of the contalners. However,
when water bath samples from Trial 8 were plated, 29% of the
total fatty acid activity was recovered. No actlvity was
detected in the water bath in Trials 9 and 10; this further
illustrated the problem connected with the recovery of ether
extracts and fatty acids. It appears possible that the

0.75 hr fermentation ether extract values were low because
the fatty acids were not quantitatively absorbed by the
alkali trap during the extraction period. Since the highest
recovery of activity in the ether extract after chroma-

tography occurred in Trial 8, the only trial where the

extraction ~ther was stored over the alkali for one week
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before it was removed by evaporation, and a large quantity
of fatty acid activity moved from the chromatographic
solvents after chromatography to the water bath during
evaporation of these solvents, 1t appeared that the fatty
acids were not effectively trapped from the solvents by the
agqueous alkall and remained volatile. The errors of ether
extraction were confirmed and removed in later work in
this laboratory which omitted this procedure and chromato-
graphed direct samples with excellent total recoveries
(Bruno and Moore).

Overall, the data showed that uniformly labeled

14 was rapidly fermented with most of the radio-

glucose~C
active carbon found in the ether extractable product as
acetic acid (up to 86% in Trial 10), propionic acid (up to
8% in Trial 10) and butyric acid (up to 11% in Trial 5).
These results are consistant with values reported by

Bruno and Moore (4), Eusebio et al. (12), and Otagakl et al.
(29). The observation that 51-86% of the glucose carbon in
the ether extract product is in disagreement with the
results obtained by Leffel et al. (24) in which only 30% of
the activity was recovered in the fatty acid fractions. 1In
those trials, no balance data were reported. It 1s possible
that the differences in fermentation environment might

account for the discrepancy between these data.

Thirteen to 25% of the glucose carbon was found in the
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precipitate and 11-17% was found in CO,. The small quantity
of CHu and little or no appearance of formate is compatible
with evidence that CHh is produced from the reduction of

CO, by Hp derived from formate dissimilation (19, 35). No

c1¥ were found in the

more than contamination levels of
fermented amino acid or residual sugar fractions.

Although the data from these trials were variable, some
general comparisons are suggested. The only major difference
in the fermentation products between Animals 1 and 2 in
Trials 5 and 6, 7 and 8, and 9 and 10, where the day and
time of day were constant, occurred between Trials 7 and 8
where the Clu recovered in the precipitate fraction was
10Z lower in Trial 8. The fatty aecid distribution for
Animals 1 and 2 could only be compared in Trials 9 and 10;
no apparent differences occurred.

Where the time of sampling after feeding was oconstant,
but the day varied, the clh recovery for Animal 1, Trials
5 and 7, showed about 5% increase in the precipitate
fraction, and 23% decrease in ether extract in Trilal 7.
Animal 2 showed almost the same fermentation product
distribution on both days.

Where the time of sampling after feeding was varied

within the same day, the Clu

recovery for Animal 1, Trials
7 and 9, showed 4% increase in CO, production and 9%

decrease in precipitate in Trial 9. These differences are
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not significant, since total 014

Tecovery was about 23%
lower than in Trial 7. Animal 2, Trials 8 and 10, showed
3% increase in CO, production. The values for the other
fractions were comparable except for the marked decrease in
ether extract in Trial 10, but again, thls was probably due
to low total C14 recovery. The fatty acid distribution for
T™rials 8 and 10 could not be compared because of the large

14 in

nwater bath" recovery and high recovery of added C
Trial 8.

The results of Trials 5 through 10 indicated that for
Animals 1 and 2 there was little, or no, real difference in
the distribution of products resulting from the fermentatlon
of uniformly labeled glucose--c14 between animals, between
days within animals, and between times within days. One
possible exception may be the increased coz production by
cach animal at the 2 PM sampling.

The extraction, preparation of the samples for counting,
and counting of the samples from the ether extract fractlon,
and the preparation and counting of samples from the fatty
acid fractions presented the greatest analytical problems.
Complete recovery of the glucose in the sugar fraction of
the control seemed less of a problem. Two possible
approaches to correcting these faults were immediately

evident. Greater uniformity would undoubtedly result from

sanples counted in an enclosure which provided a low,
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constant relative humidity. The best humidity in which

to count would have to be determined experimentally with
samples from each fraction. Loss of the fatty acids and
ether extractable material after fractionation might be
reduced as done by Bruno and Moore, the ether extract step
was omitted, or by the use of liquid scintillation counting
where the sample is essentially sealed into the sample
container (2, 29, 32). Improved results with all fractions
might be achieved by using this counting technique.
Certainly the use of liquid scintillation counting contains
its own inherent problems with regard to sample preparation.
The most pressing problems would probably be with the
particulate matter in subsamples and precipitate fractions,
and the ether extractable materials which are necessarily
highly alkaline.

In spite of the problems, there ls every reason to
believe that the fractionation scheme and method of direct
plating, or perhaps liquid scintillation counting, would
be applicable to the study of many compounds and thelr
fermentation pathways in rumen ingesta, and provide a
much sought after method for the study of mixed cultures
as they interact under their normal conditions for short

periods of time.



SUMMARY

A procedure was developed for the quantitative
separation of major fermentation products of uniformly
labeled glucose-cla produced by bovine rumen microorganisms
in vitro. After 45 min, the fermentation mixture was
fractionated into (a) one control subsample, and duplicate
fractions of (b) solid matter "precipitate", (c) ether
extract, (d) "amino acid", (e) "sugar", (f) CO,, and
(g) CHy. Similar fractionation of an unfermented control
sample was made. A portion of the fermentation ether
extract was subjected to column chromatography to resolve
(a) Cqo (b) Cpo (c) 03. (4) Cy» and (e) 05 fatty aclds,

(f) suecinic, and (g) lactic acids. Each fraction was
analyzed in triplicate for Ciu by a direct plating technique.
Corrections for geometry, selfl absorption, and efficiency
were made by direct plating additional triplicate fraction
subsamples, each contalining a uniformly labeled glucose-ciu
internal standard. The data were expressed as per cent
recovery of added C14. The results indicated that glucose

c1¥ found in the

was raprldly fermented with most of the
ether extractable fraction as acetlic acid. Significant
levels of Ciu were found in the "precipltate" fractions.
The data were compatible with evidence that CH4 was derived
from CO,. The results of 6 trials indicated that there was

no slgnificant difference in the distribution of products
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resulting from the in vitro fermentation of uniformly

14

labeled glucose=C between animals, between days within

animals, or between times within days.
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APPENDIX I

The recovery of ci# from each fraction and the trial
totals were calculated using the Model Formulae presented
below. The coincidence loss for all calculations was
determined by a scale furnished with the counter based on
the manufacturer's guaranteed resolving time of 100
microseconds. The per cent recovery of internal standards
gave a direct measure of the geometry, self absorption, and
efficiency corrections. Depending upon the humidity and the
amount of self absorption, the per cent recovery calculated
for individual samples ranged from 3 to 38. The average per
cent recovery for all fraction samples of a particular
fraction type which were counted together, was used to
calculate the disintegrations per min of the individual
fraction samples. According to the fraction type, the

average recoveries ranged from 5 to 25%.
Model Formulae

Abbreviations: avg : average
bkg : background
coin: coincidence
¢/m : counts per minute
d/m : disintegrations per minute
IS : internal standard

vol : volume
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(1) Avg corrected ¢/m in the fraction sample:

(2)

(3)
(%)

(5)

(6)

Planchet #1 (count
count

Planchet #2 (count
count

Planchet #3 count
{count

c/nm
e/m
¢/m
c/n
e/m
e/m

= avg ¢/m

avg ¢/m X coin # = coin count + avg o/m - bkg =

avg corrected ¢/m

Avg corrected ¢/m in the fraction sample plus the IS:

Planchet #1 {count
count

Planchet #2 count
{?ount

Planchet #3 fcount
{oount

c/m
¢/m
c/m
c/m
c/m
c/m

= avg ¢/m

avg ¢/m X coin % = coin count + avg ¢/m - bkg =

avg corrected ¢/m IS

Actual count increase due to IS = (2) - (1)

Theoretical increase due to IS = (d/m added as IS) =

0.2 m1 (vol of fraction +

IS mixture plated)

vol of fraoction s
0.01 nl glucose~C

ple +

X 285,000 d/m (activitg
of 0.01 ml glucose-Cl¥)

standard

% recovery for individual fraction sample =

actual count increase due to IS (c/m)

X 100 =

(3) X 100

theoretical increase due to IS (d/m)

(%)

Avg % recovery for all fraction samples of a given

fraction type counted together from paired experiments =

actual count increase due to IS (¢/m) X 100 =

theoretical increase due to IS (d/m)

Y (5)
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(7) d/m in individual fraction sample =

¢/m for sample . (1)
avg % recovery (6)

(8) Aliquot factor =

aliquot vol

total vol of fermentation
or control fraction

(9) Aliquot fraction dilution and plating factor =

0.2 ml1 (vol plated)

diluted aliquot fraction vol
(due to the addition of rinse water, alkali, etc.)

(10) Total d/m represented by the whole fraction in the
original 25 ml fermentation or control vol =

d/m in individual fraction sample = (7)

aliquot factor X aliquot fraction dilution (8) X (9)
and plating factor

(11) # recovery in whole fraction =

total d/m in whole fraction X 100 _ (10) X 100
total d/m added (28,500,000) 28,500,000

(12) Trial grand total recovery =
)  individual fraction d/m = Y (10)

(13) Trial grand total % recovery =
E:: fraction £ recoveries ij: (11)
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Example
The following example shows the application of the

Model Formulae to the calculation of the Cih recovery in the
control sugar fraction, Trial 8, Aliquot 1:
(1) Avg corrected ¢/m in the fraction sample:

Planchet #1, 2 count avg: 9366 o/m

Planchet #2, 2 count avg: 9062 ¢/m avg = 9199 c/m

Planchet #3, 2 count avg: 9170 ¢/m

9199 ¢/m X 1.53% = 141 ¢/m + 9199 ¢/m - 26 ¢/m = 9314 ¢/m

(2) Avg corrected ¢/m in the fraction sample plus the IS:
Planchet #1, 2 count avg: 10449 ¢/m
Planchet #2, 2 count avg: 10704 ¢/m } avg = 10619 c¢/m
Planchet #3, 2 count avg: 10704 o/m
10619 ¢/m X 1.78% = 189 ¢/m + 10619 ¢/n - 26 ¢/n =

10782 ¢/nm

(3) Actual couant increase due to IS =

10782 ¢/m -~ 9314 o/m = 1468 o/m

(4) Theoretical increase due to IS =

0.2 ml X 285,000 d/m = 5694 4/m
10 ml + 0,01 ml

(5) £ recovery for individual fraction sample =

1468 ¢/m X 100 = 25.78%
5694 4/m

(6) Avg % recovery for all fraction samples of a given

fraction type counted together from paired experiments =
24.05%
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(7) 4/m in individual fraction sample =

9314 o/m = 38728 d/m
0.2405
(8) Aliquot factor =

12.6 m1 (vol of Aliguot 1) = 0.46667
27.0 ml (total vol of Trial 8, control)

(9) Aliquot fraction dilutlion and plating factor =

0.2 ml = 0.00328

60.9 ml1 (total vol eluted from ion
exchange column + rinse)

(10) Total d/m in the sugar portion of the total vol of
Trial 8, control =

38728 d/m = 25,270,630 4/m
0.46667 X 0.00328

(11) % recovery of Ciu in the sugar fraction =

25,270,630 4/m X 100 = 88.67%
28,500,000 d/m

These formulae were applied to all fractlons and
fraction samples in each trial. The subsample, although not
divided into aliquots, required the use of the "allquot™®
factor since 2 ml were removed from the total fermentation
or control volume for analysis. The correction for the
dilution of the subsample to 50% rumen fluid is made with
the aliquot fraction dilution and plating factor. The

gas fraction was not divided into aliquots elther, but
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required the "aliquot" factor because only 10 ml of the

190 ml of NaOH used to trap the COZ. or 10 ml of the 190 ml
of NaOH used to trap the 002 produced from CHu oxidation,
was neutralized for plating 0.2 ml counting samples.
Because of the large volume of eluent containing the amino
acids, only a portion of the eluent was neutrallized for
plating 0.2 ml samples for counting, hence a second

ngliquotn factor calculation was made for this fraction.
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Twenty-five ml samples of filltered steer rumen ingesta
were incubated at 39 C with uniformly labeled glucose-Cl¥
solution for 45 minutes in a closed system. After the
fermentation was stopped, the fermentation mixture was
fractionated into (a) one 2 ml subsample, and duplicate
freations of (b) solid matter "precipitate", (c) ether
extract, {(d) "amino acidv", (e) "sugar", (f) CO,, and (g)

CHy. Similar fractionation of an unfermented control sample
was made. A portion of the fermentation ether extract was
subjected to column chromatography to resolve (a) Ci' (b) 02.
(¢) 03. (a) Cy. and (e) 05 fatty acids, (f) sueccinie, and

(g) lactic acids on a silicic acid column using a benzene-
ether integrated solvent system. Each fraction was analyzed
in triplicate for cl¥ by direct plating of 0.2 ml fractions
on stainless steel planchets for counting with a thin window
gas flow Geliger counter. Corrections for geometry, self
absorption, and efficliency were made by dilrect plating
additional triplicate 0.2 ml fraction subsamples, each
containing a uniformly labeled glucose-c14 internal standard.
Unlike work reported by other laboratories, an attempt was

nade to account for all of the added 014 and the data were

expressed as per cent recovery of total added 014. The

results indlcated that glucose was rapidly fermented with

14

nost of the C found in the ether extractable fraction; up

to 86% of this was found in the acetic acid portion.



These results support those of other workers. Thirteen to
254 of the glucose carbon was found in the "precipitate" and
11-17% was found in the CO,. The small quantity of CH, was

compatible with evidence that CHQ is derived from CO No

14

X
more than contamination levels of C° were found in the
fermented "amino acid" or "sugar" fractions. The results
of 6 trials indicated that there was no significant
difference in the distribution of products resulting from
014

the fermentation of uniformly labeled glucose-~ between

animals, between days within animals, or between times

within days.



