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VARIABLES AFFECTING IN VITRO RUMEN FERMENTATION STUDIES IN FORAGE
EVATUATION: AN ANNOTATED BIBLIOGRAPHY

G. M. Van Dyne and P. T. Haug

INTRODUCTION

Expanding human populations and the commensurate demand on croplands
have increased the need for producing forage, the principal source of
nutrients for ruminants, on land not suitable for cultivated crops. The
increased importance of forage crops to livestock production has made it
essential to understand the decomposition and utilization of forages by
ruminants. In many other areas from the textile industry (Siu, 1951) to
the continuous carbon-mineral cycle throughout the world ecosystem, decomn-
position of natural organic compounds is of primary importance. Approxi-
mately 40% of plant material is cellulose, the world's most plentiful
naturally occurring organic compound (Halliwell, 1959). Cellulose is also
relatively resistant to natural, non-enzymatic decomposition. Mammals do
not produce cellulases or polyglucosidases and rely on symbiotic relation-
ships with anaerobic bacteria and protozoa to release useable plant
nutrients by degrading the enveloping cellulose. These bacteria and
protozoa, as well as certain fungi, molds, actinomycetes, insect larvae,
worms, wood-boring insects, snails, and limpets produce the necessary
cellulases and polyglucosidases (Hungate, 1949 and 1966).

Because of this symbiosis, forages conventionally have been evaluated
by in vivo digestion trials. Inherent disadvantages of this system are
that trials require relatively large amounts of forage, they are expensive,
and they do not yield particularly precise results because of large animal-
to-animal and trial-to-trial variation. Other approaches have been by
chemical analyses of proximate components and other nutrients and, more
recently, by chemical solubility methods (Johnson et al., 1964k). However,
chemical analyses, although being improved (Van Soest, 1966), have yet to
replace digestion trials as a means of evaluating forage. Early in vitro
systems in the 1800s were used to study forage digestion but not specifi-
cally for forage evaluation. In vitro techniques designed for the quanti-
tative nutritive evaluation of forages have been used since 1955 (Barnes,

1965).



In vitro variations are numerous. Sometimes these "artificial
rumen' systems attempt to simulate conditions in the rumen, but more often
rumen microorganisms are used simply as an "analytical reagent" without
any attempt to similate rumen conditions. Temperature, anaerobilc con-
ditions, and acidity are variously controlled, and rumen bacteria, nu-
trients or cofactors, and forage are added to the system. Digestive
activity is evaluated mostly by measuring the disappearance of a given
constituent (usually cellulose or dry matter) over time, but some mano-
metric methods have been used.

Because there is no standard method for evalvating forage 1n vitro
(Barnes, 1966), results vary widely. Several books and review papers have
investigated this problem (Annison and Tewis, 1959; Bentley, 1960; Barnett
and Reid, 1961; Iewis, 1961; Johnson, 1963; Barnes, 1965; Dougherty et al.,
1965; and Hungate, 1966). R. F. Barnes of Purdue University has compiled
a listing of references on in vitro studies in general. His listings
show 383 references through 196L4. The current bibliography was prepared
in conjunction with a review of literature through 1966 that examined
methods and interpretations of in vitro evaluations as well as sources of
variation in these evaluations. In the current bibliography the ewmphasis
primarily is on in vitro studies concerned with forage evaluation. Some
additional general references or those concerned with variables affecting
conduct or interpretation of in vitro studies are included. These sources
of variation and suggestions for minimizing them are outlined below.

The rapid evolution of in vitro forage evaluation techniques has
produced confusing and contrasting results in the literature. Analysis
of the many variables producing these results is necessary to establish a
common ground from which investigators can proceed. These errors or
variables appear to be of four major types: (1) variations in microbial
populations due to the diet of the host animal, animal-to-animal differ-
ences, and inoculum processing differences; (2) variations due to differ-
ent storage, grinding, and processing techniques in sample preparation;
(3) differences attributable to inoculum (sample ratio, buffer, and
nutrient medium); and (4) procedural variations such as length of fermen-

tation, criteria of digestibility, and laboratory errors.



From the literature reviewed it appears that variation and error
could be decreased if the following procedures were standardized: (1) Use
several fistulated animals as sources of inoculum. These animals should
be selected for uniformity and "normality" in order to avoid extreme

individuals. The animals could be chosen through comparative in vivo

digestibility trials with appropriate statistical analyses before in vitro
trials were begun. (2) Feed the source animals according to standard
regimes similar to the forages being evaluated in vitro. The regime should
be maintained for several days before in vitro trials are begun in order to
allow rumen microbes to adjust to the diet. (3) Use a standard sampling
regime at or near the maximum concentration of rumen microbes. (4) Use
whole rumen fluid as incculum. (5) In each trial, include standard forages
for which in vivo digestibility data are available. These should be of
both high and low quality and should approximate the same type of plants
being evaluated in vitro. (6) Buffer the system near pH 6.9. (7) Omit
complex nutrient media. These appear unnecessary and may actually intro-
duce variability. (8) Calculate digestibility relative to the standards,
and report the results only to the nearest whole percent. (9) Report
neasures of variation and ineclude, where appropriate, variance components
and standard errors of estimates.

If the above procedures were applied, variation could probably be
decreased by 50%, and the results would be 100% more useful.

The abstracts are listed alphasbetically by author and are numbered
serially. The numbers are referred to in the permutated index of the

titles.






ABSTRACTS

1. Adler, J. H., J. A. Dye, D. E. Boggs, and H. H. Williams. 1958. Growth of rumen microorganisms
in an in vitro continuous-flow system on a protein-free diet. Cormell Vet. 48; 53-66. —— Best
results in an in vitro system are obtained when rumen microorganisms are presented with a diet
similar to that to which they were exposed in sheep.

2, Alexander, R. H., and M. McGowan. 1966. The routine determination of in vitro digestibility of
organic matter in forages—an investigation of the problems associated with continuous large-scale
operation. J. Brit. Grassl. Soc. 21:140-147, —— Detailed descriptions and illustrations are given
for equipment and methods utilized for handling 250—300 in vitro determinations of organic matter
digestibility pet week by 3 people. Inoculum is obtained from sheep maintained under a standard
regime, being fed a uniform diet of medium quality, coarsely-chopped hay in three feedings of 1.25
Ib/day. Mixing rumen liquor from various sheep had no detrimental effect, and the standard pro-
cedure is to use one liter from each sheep. Three sheep were utilized in the trial, but it is not
stated whether or not this is the desired aumber. The influence of added nitrogen in the in vitro
digestion depended upon the nitrogen content of the herbage being evaluated. There was an in-
verse, highly significant relation (P < .001) between organic matter digestibility and crude protein
content of the sample. Decreasing amounts of rumen liguor from 20 to 2 m1/0.5-g herbage sample
had little effect on digestion of samples with about 18% crude protein but greatly affected samples
with only 5% crude protein. Expressing results on an organic matter basis was considered prefer-
able to a dry matter basis. There was little effect on in vitro digestibility of organic matter if
samples were inoculated within 1 hr after collection of the rumen liquor. Five standard samples
were included in duplicate at the beginning and end of each batch. The standard deviation of a
single estimate of a standard was £0.61 units. There were no significant differences in the
in vitro~in vivo relationships for grasses and legumes and that for hays. The standard error of
estimate of their regression was +2.33 with a multiple correlation of 0.96 (P < .001).

3. Allison, M. J., and M. P. Bryant. 1938. Volatile fatty acid growth factor for cellulolytic cocci of
bovine rumen. Science 128: 474-475.

4. Anderson, R., E. Cheng, and W. Burroughs. 1956. A laboratory technique for measuring phos-
phorus availability of feed supplements fed to ruminants. J. Anim. Sci. 15: 489-495. — Cellu-
lose digestion after a 24-hour fermentation period was measured in a series of small fermentation
tubes to which graded amounts of phosphorus had been added. Bacteria used herein were washed
suspensions of rumen microorganisms. A phosphoms-deficient medium was used to assay added
phosphorus to the system. Three fistulated steers were used in obtaining samples. The rations
fed differed somewhat from time to time. Each was fed twice daily, at 0900 and 1700. Rumen
samples were collected prior to the moming feed.

5. Arias, C., W. Burroughs, P. Gerlaugh, and R. M. Bethke. 1951. The influence of different amounts
and sources of energy upon in vitro urea utilization by mumen microorganisms. J. Anim. Sci. 10:
683—692. —— Carbon dioxide was bubbled continuously through the fermentation contents of
1000-ml1 Erlenmeyer flasks connected by tubing. The purpose of the CO, stream was to maintain



anaercbiosis and to stir the fermentation mass. Rumen contents were obtained from a rumen-
fistulated steer that had been withheld from a high quality alfalfa hay ration 12-16 hr prior to
sampling. A variety of cellulose sources including ground comcobs, Solkafloc, and ground filter
paper was used.

Arroyo, A., 1. P, Evans, and M. W. Taylor. 1964, The artificial rumen technique of estimating the
nutritive value of forages. Puerto Rico J. Agr. 47-48:169-179. —— Nine forages of knowa nutri-
tive value were digested in vitro for 12 and 24 hr. Correlations of relative intake and nutritive
value index were made with 12-hr in vitro cellulose digestion values., The 24-hr in vitro cellulose
digestion values were more closely related to measures of energy digestibility than were the 12-hr
measures.

Asplund, J. M., R. T. Berg, L. W. McElroy, ond W. J. Pigden. 1958. Dry maiter loss and volatile
fatty acid production in the artificial rumen as indices of forage quality. J. Anim. Sci. 38: 171—
180. --— Limited evidence suggested that the artificial rumen may be used to assess the relative
quality or nutritive value of forages. These workers used 500 mg. of substrate ground through a
40-mesh sieve in a Wiley mill, 10 m! of inoculum, and a buffer solution with a slight amount of
COCIZ. Inocula were taken from ruminal-fistulated sheep 3—4 hr after they had been fed. A washed
cell suspension was used. To study dry matter digestion, workers placed finely ground samples
of forages in fermentation sacs, dried the forages and sacs for 21 hr, inoculated the sacs, and in-
cubated them in the artificial rumen. After incubation the sacs were removed, rinsed with distilled
water, and dialyzed in tap water at room temperature for 24 hr. Two filtrates were prepared by
pooling rumen fluids from two sheep that had been fed mixed grass-alfalfa hay and from two sheep
that had been fed straw. Crude protein and fiber in these samples, respectively, were 12.5 and
26.2% in the grass-alfalfa hay, 5.9 and 32.1% in oat straw, and 18.9 aad 20.4 in an excellent al-
falfa hay. Inocula taken from hay-fed sheep consistently digested the dry forage samples better
than did the inocula from straw-fed animals. The digestibility differences for three types of diy
matter were: alfalfa, 12%; mixed hay, 12%; and straw, 5%. Washed cell inocula, compared to fil-
tered cell inocula, did not materially increase the degree of association between in vitro and in
vivo data for dry matter digestibility. Also, there were interactions between filtered vs. washed
cells and straw vs. hay feeding.

Baker, F., and S. T. Harriss. 1947. Microbial digestion in the rumen (and caecum), with special
reference to the decomposition of structural cellulose. Nutr. Abstr. Rev. 17: 3-12. —— Oligo-
trich ciliates have been found in all ruminants and in some nonruminants including the hoise,
elephant, rhinoceros, tapir, capybara, and wild guinea pig, as well as some anthropoids such as
the chimpanzee and the gorilla. They have not been found in the domestic guinea pig and rabbit.
Relatively few of the cellulosic particles in the rumen are small enough to be ingested by even
the largest ciliates. Elimination of the protozoa in the rumen does not significantly decrease the
amount of cellulose digested. This suggests that the protozoa are functionally insignificant in
digesting cellulose in the normal animal. Also, it is difficult to culture protozoa independent of
the ingested or symbiotic bacteria. Chewing by the ruminant detaches the cuticle, mechanically
separates the epidermis from underlying sclerenchyma, bundles, and mesophyll, and exposes more
sutface area to attack. Detached cuticle and guard cells are resistant to decomposition by bac-
teria. Microscopic examination of filter paper and cotton wool taken from bags suspended in the
rumen shows that attack commonly begins at the broken ends of the fibers. The amounts of cellu-
lose digested depend upon the fineness of grinding. There is a reciprocal dependence of one
microbial species upon the other.

Baker, T. 1., G. V. Quicke, O. G. Bentley, R. R. Johnson, and A. L. Moxon. 1959. The influence
of certain physical properties of purified celluloses and forage celluloses on their digestibility by
rumen microorganisms in vifro. J. Anim. Sci. 18: 655--662. —— Cellulose is composed of both
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crystalline and amorphous structures. The degree of crystallinity of cellulose is inversely propor-
tional to its rate of decomposition by cellulolytic organisms. Also, the average size of the glu-
cose chains making up the cellulose polysaccharide influences the chemical behavior of the cellu-
loses. Holocelluloses prepared from matute and immature forages showed no major difference in
x-ray diffraction patterns. Comparison of the x-ray diffraction patterns of holocellulose and the
untreated plant materials showed similarities. Apparently the molecular structure of cellulose in
pasture and forage plants is not sufficiently organized to give strong peaks in x-ray patterns. The
conclusion from this is that much of the cellulose is amorphous., Samples ground to pass a 40-
mesh screen were sieved to get samples that would pass 40-60, 100--150, and 200-mesh sieves.
No marked differences were observed in the digestibility of cellulose in the different fractions.
However, if the material was ball-milled, digestibility increased slightly. These studies sug-
gested that the activity of cellulases from rumen organisms are affected by cellulose structure in
much the same way as the cellulases isolated from molds and soil organisms.

Baldwin, R. L., and D. L. Palmquist. 1965. Effect of diet on the activity of several enzymes in
extracts of mumen microorganisms. Appl. Microbiol. 13: 194-200. —- One rumen-fistulated cow
was fed barley straw, and the other was fed a concentrate mix of barley, milo, wheat, and beet
pulp. The animals were restricted from water for a 2-hr period between 0900 and 1100 to reduce
sampling errors. Rumen samples were extracted with a phosphate buffer, strained through cheese-
cloth, and centrifuged to get bacterial cells. These were washed in phosphate buffer before being
disintegrated or disrupted with a sonic oscillator under a hydrogen atmosphere. The cell-free ex-
tract was used for the enzyme determinations. The rumen inoculum was sampled from the animals
at 0700 (pre-feeding) and 1100 (4 hr post-feeding). Considerable amounts of additional work
characterizing the enzymes of representative rumen microorganisms in pure cultures, resolving
some of the biochemical problems related to anaerobic metabolism and anaerobic electron trans-
port, and developing new enzyme assays must be carried out before enzymatic measurements can
be employed effectively in defining the metabolic changes associated with changes in the rumen
microbial population on various diets.

Barnes, R. F. 1962. Inter-laboratory in vitro study of standard forages. 4th In Vitro Evaluation
Work Conference, Chicago, 14 p. —— Alfalfa meal was purchased by Purdue University and dis-
tributed to 15 laboratories in the United States and Canada in 1960. In 1961 alfalfa and brome-
grass hay were included from Macdonald College, Quebec, Canada. Results from various labora-
tories show variations in in vitro cellulose digestion of 40~51% at 24 hr and 51-65% for 48 hr.
Further studies were made by nine laboratories; details were given on their individual techniques.
In this study nine locations were studied (random), three runs within a location (tandom), three
substrated (fixed), and two observations per cell (random). The mean cellulose digestion of thtee
forage samples varied among stations from 41--50%.

Barnes, R. F. 1965. Use of in vitro rumen fermentation techniques for estimating forage digest-
ibility and intake. Agron. J. 57: 213-216. —— This is a general review of previous in vitro
studies. Factors that can influence in vitro digestibility and hence its relationship to true digest-
ibility include: substrate concentration, length of sample storage period, fineness of grind, com-
position and buffering capacity of the nutrient media, amount and preparation of the rumen fluid
inoculum, and diet of the donor animal. A differential lag phase had been reported for various
substrates. The initial digestion rates of alfalfa and other legumes have been greater, and the
maximum level of digestion has been reached sconer than for grasses. The extent of digestion,
however, may be greater for grasses than for legumes. This relationship was utilized by Donefer
in developing the proposed nutritive value index (NVI). For utility in routine laboratory evalu-
ation of forages, a method must (1) be relatively simple to permit rapid analysis of a large number
of samples, (2) produce precise results, and (3) give an accurate estimate of forage quality. Er-
rors associated with the in vitro procedure can be grouped into two groups: random errors and
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biased errors. Random errors are associated with within- and between-trial variability. Greater
variability exists for purified cellulose samples than for forage substrates. Greater variation be-
tween trials than within trials has generally been reported. Greater variation occurs during the
initial stages of fermentation than in later stages. Two standard substrates included in a trial,
one high quality and the other low, are useful in adjusting between-trial variations. Standard
errors of the estimate of digestibility have ranged from 2.0 to 4.4 for the prediction of in vivo
digestibility from in vitro results. To be of practical use, a regression equation should be ca-
pable of predicting apparent digestibility within a standard error of not greates than two digest-
ibility units. Thus, the use of in vitro techniques for the prediction of forage are marked. Vari-
ous constituents of the herbage may be preferentially utilized by in vitro microbial populations
than in vivo. Thus, a forage with a high level of soluble carbohydrate or hemicellulose may be
classified as being lower in nutritive value if cellulose digestion in vitro is used as the single
criterion. This emphasizes the importance of chemical components of the plant and suggests that
several measures may be necessary to develop an effective in vitro forage evaluation tool. Gas
production generally is not a good measure, for it may evolve from a variety of substrates and its
use for forages may be misleading. One of the greatest deterrents to accuracy of in vitro methods
is the large inherent variability of in vivo measurements upon which the in vifro results must be
based.

Barnes, R. F. 1966. Collaborative in vitro rumen fermentation studies on forage substrates. J.
Animal Sci. (manuscript submitted). —— Research workers interested in the development of in
vitro techniques for evaluating forages met initially on an informal basis in 1959. Siunce then
various collaborative studies have been undertaken. In initial studies with dehydrated alfalfa
meal, mean cellulose digestion after specified lengths of fermentation varied considerably among
laboratories. The variance associated within and between runs also differed greatly among lab-
oratories. These results led to a nested factorial experiment with different collaborators deter-
mining /n vitro digestibility of three forage substrates. Each laboratory used its own current,
routine in vitro technique. Variations existed in the respective in vitro systems, in the host ani-
mals used to obtain inoculas, in the diets of the host animals and in the buffer and nutrient solu-
tions. Mean 2-hr cellulose digestion values for 14 laboratories was 47% (range 40 to 60). For
most stations bromegrass had a lower initial rate of cellulose degradation but a higher rate of
fermentation during the later periods. It eventually surpassed the alfalfa substrates. This fact
illustrates the importance of length of fermentation in the evaluation of substrates. There was
more variation among laboratories during early fermentation periods than at later stages. Of the
14 laboratories reporting 24-hr in vitro digestibility data, six had significant runs-by-substrate
interactions. There was less variation among duplicates with increased fermentation times.
There was also a trend for the variance associated with runs within laboratories to be less for
48-hr fermentation than for other time periods. The most commonly employed procedures involved
a 90 m! centrifuge tube, 1 gram sample size, 30 ml McDougall’s artificial saliva, 20 ml of strained
whole rumen fluid obtained from fistulated cattle, and incubation with a gas release valve or con-
tinuous flushing with CO2. If a comparison between laboratories is desired, a standardized pro-
cedure could possibly be developed. The primary factors then remaining uncontrolled would be
the source and activity of inoculum. Standard forages could be utilized to measure this variability
and provide a reasonable degree of control over the digestive efficiency of various sources of the
inoculum. The inherent variability of the in vivo measurement is as great as, or greater than, that
of the in vitro measurement. The run-by-substrate interaction is an important factor because this
error term generally is used to test substrates, and when it is large the chances of detecting dif-
ferences between substrates are reduced. If such an interaction is detected, then there is a shift
in relative fermentation curves of the various substrates between runs. This effect may be par-
ticularly marked when evaluating substrates of diverse types or of different species. For uni-
formity and ease of interpreting published in vitro results, variance components associated with
runs, determinations within runs, and interactions of runs-by-substrates should be incorporated
with the method outlined and reported in the paper.
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Bames, R. F. 1966. The development and application of in vitro rumen fermentation techniques.
Int. Grassl. Congr., Proc. 10: 434-438. —— Four methods were compared including: 50 ml buffer-
nutrient solution; 50 ml buffer followed by a 24-hr incubation of the residue with 50 ml pepsin solu-
tion; 40 ml buffer solution plus 10 ml strained whole rumen fluid; and 40 ml buffer solution plus

10 ml strained whole rumen fluid, followed by a 24-hr incubation of the residue with 50 ml pepsin
solution. Dry matter disappearance was determined at 0, 6, and 48 hr. Results were related to the
in vivo digestible dry matter. Good predictions could be made of in vive digestible dry matter, but
attempts to relate in vitro or solubility results to voluntary intake were less successful. The most
useful technique was an in vitro rumen fermentation technique utilizing a 48-hr incubation period
plus an additional 24-hr incubation with pepsin., The technique was suitable for simultaneous
evaluation of grasses and legumes,

Barnes, R. F., G. O. Mott, L. V. Packett, and M. P. Plumlee. 1964. Comparison of in vitro rumen
fermentation methods. J. Anim. Sci. 23: 1061-1065. —~— The inoculum was obtained from a fis-
tulated cow receiving grain, hay, and corn silage. This inoculum was used in all the comparisons
of techniques. Substrates were ground through a 40-mesh screen. Substrates included alfalfa and
bromegrass hays and alfalfa meal. Fermentation time periods were 6, 12, 18, and 24 hr. Fermen-
tation techniques were those outlined by Donefer: a complex nutrient buffer solution was used; a
phosphate buffer extract of the rumen inoculum was added; and CO, was bubbled continuously
through the fermentation, which was maintained at 29°C. A second method was that of Baumgardt:
20 ml of a CO ,-saturated nutrient buffer solution were used; urea, glucose, and strained rumen
fluid were added and the system was maintained at 39°C. The third and fourth methods were those
of Tilley and Terry: gas release valves were used; the inoculum-nutrient-buffer solution and
strained rumen fluid were flushed with CO, at the beginning and then fermented at 39°C. The lat-
ter method also involved a 48-hour pepsin digestion. In a second experiment 25 ml of a buffer-
nutrient solution plus strained rumen fluid and small amounts of urea and glucose were added to
1-g samples in 75-ml centrifuge tubes fitted with gas release valves. Total liquid volume was re-
duced to prevent excessive frothing; CO, was flushed through the system; and it was fermented

at 39°C. There were significant differences among methods, substrates, and fermentation times.
There was also a method and time interaction. The various techniques, however, rank the sub-
strates in the same manner. The coefficient of variation decreased with increasing times of fer-
mentation. Both alfalfa substrates had higher digestibilities than did the bromegrass hay sub-
strate. Variation within bromegrass was nearly twice that of alfalfa. Differences eaily in the
fermentation may be due to non-cellulose constituents in the forages. The high initial activity

of one method might be due to the constant bubbling of CO, through the flask and a more com-
plex inoculum-buffer-nutrient solution than in the other systems. In summary, the primary factors
that contributed to differences between the methods wete size of substrate, nutrient medium,
preparation of the inoculum, maintenance of anaerobiosis, and type of fermentation vessel.

Barnett, A. J. G., and R. L. Reid. 1957. Studies on the production of volatile fatty acids from
grass by rumen liquor in an artificial rumen. J. Agr. Sci. 48: 315-321. —- It is impossible to
use the same rumen liquor for all experiments in a series because rumen liquor loses potency
within a week if stored under deep freeze conditions. Alternatives are to use the same fistulated
animals kept under the same conditions or to incorporate with every experimental rumen a standard
sample. All results then are compared back to the standard. These workers found variations in
the volatile fatty acids produced from fresh and dried grasses. They suggest the variations are
due to carbohydrate changes that occur during storage and drying of the grasses. Slaughtered
sheep provide the rumen liquor. The diet of the sheep before slaughter was not reported.

Barnett, A. J. G., and R. L. Reid. 1961. Reactions in the rumen. Edward Arnold Ltd. 252 p. --—
Page 39. An important function of the fistulated animal is, of course, as a source of rumen fluid
or in vitro experimentation, but unless such material is pooled there is a possible danger of the
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results obtained being ‘‘standard’’ only for one animal or for one animal on a particular diet.
Page 40, Simple incubation of rumen liquor is likely only to provide useful information if the re-
action period involved is of short duration.

Barth, J., and 8. S. Hansard. 1961. Comparative effects of calcium to phosphorus ratios and
levels upon in vitro availability of phytin and inorganic phosphorus. J. Anim. Sci. 20(2): 396.

Baumgardt, B. B., and H. K. Qh. 1964. Evaluation of forages in the laboratory. IV. Within and
among trial vatiability of the Wisconsin artificial ramen procedure. J. Dairy Sci. 47: 263-266. ——
The optimum time for fermentation studies should be established within each laboratory since
there may be variation in the source and activity of rumen fluid inoculum. This time should be
chosen to maximize the correlation of in vitro and in vivo data and minimize within- and among-
trial variation. These workers used a 100-ml tall-form beaker, If this beaker is used, no transfer
is involved, since the entire procedure, even the final ashing (2.5 hr at 500°C), is accomplished
in the beaker. Forages ground through a 60-mesh screen had a significantly higher apparent cellu-
lose digestibility than when ground through a 40-mesh screen. Additionally, there was a forage x
mesh interaction because the effect of grind fineness was much greater on grasses than on alfalfa.
One method, however, does not appear better than the other when compared to the in vivo data.
More finely ground forage tends to produce a repeatable sample more easily. Increasing the num-
ber of trials decreases the standard error more than increasing the number of replicates within a
trial. In these studies, the workers include a control hay, but if the digestibility of the control
hay deviates less than five digestibility units, no cotrection is made. If the deviation is more
than five units, the entire trial is considered abnormal, and the data are discarded. This was
done because variability did not decrease after the data were adjusted according to the digest-
ibility of a control forage. Day-to-day variation was significantly less for the 40 hr fermentation
than for any of the shorter times.

Boumgardt, B. R., M. W. Taylor, and J. L. Cason. 1962. Evaluation of forages in the laboratory.
II. Simplified artificial rumen procedure for obtaining repeatable estimates of forage nutritive
value. J. Dairy Sci. 45: 62—68. -~ Use of the artificial rumen specifically for the quantitative
estimation of nutritive value was first recorded by Pigden and Bell in 1955 in an abstract in the
Journal of Animal Science. In one series of trials they found digestibility in vitro to be signifi-
cantly correlated with that ia vivo whereas in another series of trials it was not. Variations

in the diet of the fistulated, inoculum-donor cow could possibly account for these differences.
These workers emphasize simplicity, standardization, and repeatability in developing their meth-
ods. Each of these factors is highly important if a routine method is to give consistently reliable
estimates of nutritive value. An all-glass system capped with a Bunsen valve was used. This
system gave results comparable to a semi-permeable membrane system for cellulose digestion and
volatile fatty acid patterns. Rumen fluid from a single cow on an all-hay diet supplemented with
trace-mineralized salt, bone meal, and water was used to digest several grass, alfalfa, and trefoil
hay samples. The amount of cellulose in the rumen fluid inoculum was subtracted to correct re-
sults. A standard forage was included at each date to correct for inoculum variations. They ex-
amined forage substrate levels of 0.5, 1.9, and 1.5 grams in 30 ml of buffer mineral solution and
25 ml of rumen fluid. The percent cellulose digested was not atfected. They used a l-gm sample
as a standard. Samples on four days during a two-month period from a cow on the same diet and
the same cellulose soutce yielded a cellulose digestibility coefficient of variation of only 1.7%.

Belasco, |. J. 1954. Comparison of urea and protein meals as nitrogen sources for rumen micro-
organisms: urea utilization and cellulose digestion. J. Anim. Sci. 13: 739-747.
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Belasco, 1. J. 1956. The role of carbohydrates in urea utilization, cellulose digestion, and fatty
acid formation. J. Anim. Sci. 15: 496--508. —— A culture was subdivided at 24-hr intervals for
four successive periods. Urea utilization by rumen microorganisms in vitro was dependent on the
amount and type of carbohydrate used as the energy source. Urea utilization was slightly greater
with starch than with cellulose. The end-products of digestion suggest different metabolic path-
ways for the various carbohydrate substrates or a dynamic microbial population changing in num-
ber and type with changes in substrate.

Bentley, 0. G. 1960. A comparison of artificial rumen techniques, p. 181-185, In Oklahoma con-
ference on radioisotopes in agriculture. USAEC. TID 7578. —— Principal substrates in artificial
rumen studies are energy sources, nitrogen, minerals, buffers, and growth promotants. The pH is
usually held at 6.8 to 6.9. Anaerobic conditions are maintained by bubbling CO, or CO, + N, thru
the mixture. The optimum substrate level should be determined for each system, for the lack of
substrate can lead to erroneous conclusions about the activity of a system. Washing of cells or
even centrifuging to separate cells from the rumen juice seems unnecessary if one is studying cel-
lulose digestion of a forage. It would seem unwise to use an inoculum from an animal fed a high-
grain ration for studies on cellulose digestion in the artificial rumen or to use an inoculum pre-
pared from animals on an unknown dietary regime.

Bentley, 0. G., A. Lehmkuhl, R. R. Johnson, T. V. Hershberger, and A. L. Moxon. 1954. The
“cellulolytic factor’’ activity of certain short chained fatty acids. Amer. Chem. Soc. J. 76:
5000-5001.

Bezeau, L. M. 1965. Effect of source of inoculum on digestibility of substrate in in vitro diges-
tion trials. J. Anim. Sci. 24: 823-825. —— Three alfalfa hays, a mixed grass hay, orchard grass
hay, and a native prairie hay were fed to two fistulated donor cows in order of descending protein
content of the hay. These cows provided the inoculum used for each substrate. The in vitro
system included 90-m! tubes, each with 1 gm of substrate, 29 ml buffer solution, small amounts
of glucose and urea, 25 m! of strained rumen fluid, and CO, bubbled continuously through the
solution for the 24-hr fermentation. The period of digestion was determined by the time required
to reach the recommended level of digestible cellulose of the three standard forage samples.
(Supposedly these were three standard forages submitted by the forage evaluation group, who
found 24 hr was near sufficient.) The inoculum of the native prairie hay was significantly more
variable than were the other hays. Inoculum from alfalfa was the least variable. Digestibility

of the substrate was not significantly different when the inoculum was from the same hay or
when the inoculum and substrate were from different hays. The hays contained 7-18% crude
protein and 26~37% cellulose. The digestibility of cellulose in the native and grass hays

was higher than in the alfalfa hays. There was a highly significant difference in the activity of
the inocula from the two donot animals. This may have been due to age, for one cow did not come
to feed as quickly as the other when hay was changed, nor did the former cow have as large an
appetite. When the same inoculum and substrate were used digestibility was about 51%; with dif-
ferent inoculum and substrate, digestibility was about 49%. Perhaps the lack of significant dif-
ferences of an inoculum effect is due to the fact that there was relatively good buffer and nutrient
solution. Another oddity in this trial is that the donor cows were removed from feed at 1200 on a
given day, but inocula samples were not taken until 830 the following morning. Further there was
only a ten-day preliminary period for each forage. Some studies have indicated longer than ten
days are required for microbial populations to equilibrate to the new feeding conditions.

Blake, J. T., R. §. Allen, and N. L. Jacobson. 1957. The influence of various factors upon sur-
face tension and pH of rumen fluid. J. Anim. Sci. 16: 190-200. —— The pH of samples collected
orally from steers differed from samples collected by ruminal fistulas from the semisolid stratum
ventral and medial to the fistula. Surface tension values of the rumen fluid collected by these two
routes were similar.
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Bonsembiante, M. 1958. L’azione del saccarosio, in vitro e in vivo, sulla attivita cellulosolitical
dei batteri del rumine. Rivista di Zootecnia. Vol. 31: pp. 23-25.

Bortree, A. L., K. M. Dunn, R. E. Ely, and C. F. Huffman. 1946. A preliminary report on the
study of factors influencing rumen microflora. J. Dairy Sci. 29: 542--543.

Bowden, D. M., and D. C. Church. 1962. Artificial rumen investigations. 1. Variability of dry
matter and cellulose digestibility and production of volatile fatty acids. J. Dairy Sci. 45: 972—
979. --— These workers bubbled CO, through 250-ml centrifuge bottles containing a 1-gm sample
of forage, 70 ml of distilled water, 30 ml of artificial saliva, and 2.5 ml of sodium carbonate solu-
tion. Inoculum was obtained two to four hours after feeding from a single fistulated steer receiv-
ing a low-quality grass hay and mixed alfalfa-barley pellets. Rumen liquor was strained through
cheesecloth and allowed to stand about 30 minutes. The bottom liquid was then siphoned off for
inoculation. L.etting the coarse material rise to the top of the container reduced within-treatment
variability. Dry matter determinations were made by filtering the contents of each flask under
suction through a fritted glass disc crucible with a 40-u pore size. The amount of material added
by the inoculum was subtracted. Crucibles were dried at 110°C for 24 hr, cooled, and weighed.
The residue was then removed and weighed into a 50-ml centrifuge tube for cellulose determina~
tion. Crucibles were easily cleaned with a sulphuric acid-dichromate cleaning solution. The
variable intake of water by the fistulated steer may have affected between-trial variability. No
effort was made to control the water intake of the steer prior to collection of rumen liquor. There
was a greater between-trial variability in cellulose digestion than in dry digestion. Their results
suggest that some interaction between the substrate and inoculum results in a greater or lesser
digestibility of some fraction of the dry matter at the expense of cellulose. In vitro digestibility
of frozen forages and dried forages differed little, The frozen forages had higher between-trial
variability, probably due to the difficulty of obtaining representative small samples from large
samples of frozen green material. They note that samples dried at high temperature (by other
workers) had lower dry matter digestibilities than when freeze-dried. Digestibility variance be-
tween trials in which a standard alfalfa was used indicated differences in the digesting capacity
of rumen liquor collected from the same steer on different days.

Bowden, D. M., and D. C. Church. 1962. Artificial rumen investigations. II. Correlations be-
tween in vitro and in vivo measures of digestibility and chemical components of forages. J. Dairy
Sci. 45; 980--985. —~ They ran correlations between in vivo digestibility determined with sheep
to in vitro digestibility determined with cattle. They briefly reviewed the literature concerning
this point giving reference to several other articles and concluded that ‘‘it seems advisable for
most accurate estimates to use inocula from the animal which is on a diet of nutritional ingredi-
ents as close as possible to that being digested.”” There is an indication that differences between
grasses and legumes may be particularly marked in this respect. Their correlations between in
vitro digestibilities and crude protein were sufficiently low that they would require marked differ-
ences between forages to be detected by such techniques.

Bowie, W. C. 1962. In vitro studies of rumen microorganisms, using a continuous-flow system.
Am. J. Vet. Res. 23(95): 858-868.

Brown, W. H. 1959. Studies of the in vitro techniques and the effects of diet upon the production
and recycling of rumen volatile fatty acids. Ph.D. Thesis. Univ. Maryland. 128 p. —— In stud-
ies with washed cell suspensions of bacteria from rumen fluid, a fermentation period of less than
1 hr gave products from radioactive glucose in which the relative composition of volatile fatty
acids was similar to that found in whole rumen fluid.

Bryant, M. P. 1960. Some aspects of ruminal metabolism revealed by pure culture studies of the
indigenous flora. Int. Grassl. Congt., Proc. 8: 518-522.
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34. Bryant, M. P. 1963. Symposium on microbial digestion in ruminants: identification of groups of

35.

36.

37.

38.

anaerobic bacteria active in the rumen. J. Anim. Sci. 22: 801-813. —— This is a comprehensive
review with major sections on methodology and on some features and differentiation of species.
Earlier review articles are cited, especially the one of Hungate (1960) in which the ecological
analyses of rumen populations are discussed. Other articles referred to discuss various rumen
microbial species and their culture and enumeration, metabolism, and nitrition. Other cited
articles concern utility of pure-culture studies and the philosophy of bacterial classification.
The author concludes that a complete ecological analysis of the rumen microbial population is
necessary for a more complete understanding of ruminant metabolism. The identification of
individual species is an important part of this analysis, but this identification is difficult be-
cause the species are difficult to grow and because there are many unknown variations in
morphological and physiological characters. Furthermore, many workers have used poor methods
and inadequate controls in establishing known features. Some of the more useful identifying
features include morphology, fermentation products, energy sources, and certain nutritional,
cultural, serological, and other physiological characteristics. Consultation with experienced
workers will greatly expedite bacterial isolation and identification. No major group is now
working on long-term classification and identification of rumen non-sporeforming anaerobic
bacteria. This situation needs correction.

Bryant, M. P., and L. A, Burkey. 1953. Numbers and some predominant groups of bacteria in the
rumen of cows fed different rations. J. Daity Sci. 36: 218-224. —- Fistulated animals were fed
diets of alfalfa hay concentrate, wheat straw, alfalfa hay, and concentrate. Protein varied from
3.8% for wheat straw to 15.4% for concentrate. Bactetia were examined from colonies grown in
culture tubes. The level of feeding of hay-concentrate ration had little effect on the numbers of
bacteria grown. The number of starch-hydrolyzing bacteria were found lowest on straw ration,
intermediate on alfalfa and alfalfa-concentrate, and highest on concentrate. The numbers of cel-
lulose-digesting bacteria isolated varies with the amount of crude fiber in the ration. The num-
bers of bacteria which would produce acid from xylose were highest in samples taken from animals
on the straw ration. There were differences between animals not accounted for by ration effects.
The cellulolytic bacteria constituted 5% of all bacteria on concentrate rations and 28% of bacteria
on wheat straw rations. Although a higher proportion of cellulolytic bacteria were found on the
poor quality, low protein wheat straw than on the alfalfa hay of alfalfa hay concentrate rations, all
contained about the same amount of bacteria,

Bryant, M. P., and R. N. Doetsch. 1955. Factors necessary for the growth of Bacteroides suc-
cinogenes in the volatile acid fraction of rumen fluid. J. Dairy Sci. 38: 340-350.

Bryant, M. P., and I. M. Robinson. 1961. An improved nonselective culture medium for ruminal
bacteria and its use in determining diurnal variation in numbers of bacteria in the rumen. J. Dairy
Sci, 44: 1446-1456. -— Significant differences appeared in nonselective viable counts of ruminal
bacteria obtained from samples of rumen contents collected at different times during the day from
a cow fed alfalfa or grain mixture once daily. Differences also were due to the two different
rations. On a hay ration, numbers of bacteria (expressed as colony counts x 10%/g) varied from
about 1 to 3.2, with daily extremes at 0900 and 1900. On a grain ration, extremes varied from
about 2.2 at 0800 to about 11 at 1100. The count dropped between 0500 and 0700. This corre-
sponded to the first water intake each day. The bacteria decreased further during the first one

to two hours after feeding, possibly due to a dilution of the contents with feed and saliva. The
numbers then rapidly increased for two to four hours, after which they declined on the grain ration
or plateaued on the hay ration to near the early morming levels before water and feed had been
consumed.

Burroughs, W., N. A. Frank, P. Gerlaugh, and R. M. Bethke. 1950. Preliminary observations upon
factors influencing cellulose digestion by rumen microorganisms. J. Nutr. 40: 9-24.
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Burroughs, W., H. G. Headley, R. M. Bethke, and P. Gerlaugh. 1950. Cellulose digestion in good
and poor quality roughages using an artificial rumen. J. Anim. Sci. 9: 513-522. —— This is an
early use of an in vitro system to evaluate roughages commonly fed to cattle. Four each of good-
and poor-quality roughages containing from 1.4% to 20% crude protein were fermented. After a
given sample had fermented for 36-hr, the apparatus was dismantled, and the fermentation residue
was divided into two equal portions. One was saved for chemical analysis and bacteriological
examination. The other portion served as inoculum for a second 36-hr fermentation with a new
supply of roughage. This procedure was repeated during each successive 36-hr fermentation.
Cellulose in the poor-quality roughages was not digested efficiently without supplementation.
Nitrogen alone had no effect, but available nitrogen combined with complex minerals greatly in-
creased cellulose digestion. Addition of manure extract produced no further increase., Cellulose
in the good-quality roughages was digested as efficiently without supplements as with them.
Among the advantages of the artificial rumen system are a precision which can be exercised over
laboratory conditions, the number of animals that can be compared, and the efficiency (in terms
of expense) of experimentation, especially in studies on synthetic diets.

Burroughs, ¥W., C. Arias, P. DePaul, P. Gerlaugh, and R. M. Bethke. 1951. In vitro observations
upon the nature of protein influences upon urea utilization by rumen microorganisms. J. Anim,
Sci. 10: 672-682.

Caballero, H., 1. 0. Galli, and J. E. Moore. 1962. A comparison of forage evaluation methods.
Paper presented at the 54th annual meeting of the American Society of Animal Science, Chicago.
5 p. -~ The evaluation of forages is considered today to be one of the most challenging prob-
lems in agricultural research. In recent years, both economists and animal nutritionists have
taken keener interest in this matter and the urgent need has been recognized for more precise,
rapid, and reliable methods for the evaluation of forages. In this study, various in vivo and in
vitro procedures were utilized including a comparison of the method of Quicke et al. and that of
Tilley et al. in addition to cellulose solubility in cupriethylene diamine. Bermuda and Pangola
grass hays were utilized. In vitro, there were greater differences between hays at 24 and 48 hr
than at 12 hr. This was a highly significant interaction of hay and time.

Chalupa, W., and D. D. Lee, Jr. 1966. Estimation of forage nutritive value from in vitro cellu-
lose digestion. J. Dairy Sci. 49; 188-192. —— They evaluated 25 forages in a system of 100-m!
beakers with Bunsen valves, 25 ml nutrient solution, 23 mg urea and glucose, 20 ml of filtered
ramen juice, an initial CO flush only, and fermentation times of 6, 12, 18, 24, 30, 36, 48 hr.
Digestion was almost complete at about 30 hr. There was a lag in digestion at 6, 12, and 18, and it
differed for various forages. There was higher correlation to in vivo data at 30 hr or more, than
at less than 30 hr. Adjustment for day-to-day variability by means of a coatrol forage decreased
variability among trials. There was no significant forage x trial interaction.

Cheng, E. W., G. Hall, and W. Burroughs. 1955. A method for the study of cellulose digestion
by washed suspensions of rumen microorganisms. J. Dairy Sci. 38: 1225-1230. —~ This was
one of the earlier studies using washed suspensions of rumen microorganisms in in vitro studies.
A large quantity of rumen fluid from the fistulated animal was centrifuged at about 1,000 rpm for
1 minute, and the protozoa and partially-digested feed particles were discarded. The super-
natant was centrifuged again at about 5,000 rpm for 20 minutes. The resulting sediment, princi-
pally rumen bacteria, was suspended in water or a phosphate buffer and centrifuged again for 20
minutes at 5,000 rpm. After another washing, the final sediment was suspended in a nutrient
solution. This technique was used to study the digestion of purified cellulose, but could be
utilized in evaluating feedstuffs.

Christiansen, W. C., R. Kawashima, and W. Burroughs. 1965. Influence of protozoa upon rumen
acid production and liveweight gains in lambs. J. Anim. Sci, 24: 730-734. -— Lambs were
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defaunated by starvation and by drenching with copper sulfate. Protozoa-free lambs were inocu-
lated with four types of protozoa and a combination of the four types. Faunated lambs gained
more rapidly and efficiently than protozoa-free animals. Rumen pH was also lower, and fatty
acid and ammonia levels were higher in the inoculated lambs. A narrower acetate-propionate ratio
was obsetved in rumen ingesta from faunated as compared with protozoa-free lambs. Inoculation
with single types of protozoa resulted in rumen changes approaching those observed when the
inoculum included all four protozoal types. The implication of this study on in vitro evaluation
of forages is that protozoa may improve estimates of forage digestibility compared to in vivo
systems. Products of cellulose degradation by bacteria might tend to alter the rate or type of
degradation which takes place. Utilization of these products by protozoa reduces this tendency.
The overall rumen and feedlot results suggest that rumen protozoa can, under certain conditions,
benefit the nutrition of the ruminant. The method by which protozoa exert this influence cannot
be described accurately from these studies, In this ration, about 50% were concentrates and 50%
roughages. One would expect greater benefits due to protozoa when rations are highly ferment-
able, such as high-concentrate rations.

Christionsen, W. C., W. Woods, and W. Burroughs. 1964, Ration characteristics influencing rumen
protozoal populations. J. Anim. Sci. 23: 984--988.

Church, D. C., and R. G. Petersen. 1960. Effect of several variables on in vitro rumen fermen-
tation. J. Dairy Sci. 43: 81-92. —— Effects of the following rumen fermentation variables were
compared: (1) amount of substrate, rumen liquor, and mineral solution, (2) source of rumen liquor,
(3) pH adjustment, and (4) particle size of roughage substrates. These workers utilized a second-
order central composite design in three incomplete blocks. This allowed the simultaneous evalu-
ation of the effect of these variables over a wide range of concentrations with considerably fewer
treatments than would have been required had a full factorial set of combinations been used.
Linear, quadratic, and first-order interaction effects of the three variables were studied. Increas-
ing levels of dried grass added to fermentation flasks depressed percentage digestibility of dried
matter and cellulose. Changes in the mineral medium concentration with the ranges used had only
negligible effect on in vitro digestion of dry matter and cellulose. The optimum pH for cellulose
digestion appeared to vary according to substrate and/or source of rumen liquor. In order to
standardize evaluations and comparisons of in vitro feedstuff fermentations within and among
laboratories, the following variables should be considered: rumen liguor source, pH adjustments,
quantity of liquor and substrate, and particle size, which should be standard as far as possible
within and among laboratories. Other variables, such as length of fermentation, addition of trace
minerals, and effects of various techniques, are important also.

Clark, K. W. 1958. The adaptation of an artificial rumen technique to the estimation of gross
digestible energy of forages. Ph.D. Thesis. Purdue Univ. 110 p. —— Twenty-six samples of 13
grass species were studied using an artificial rumen-pepsin-HCI procedure. Cellulose digestion
depended greatly on the method of preparing the rumen inoculum. The most significant correlation

between in vitro and in vivo digestible energy was obtained when the digestion with whole rumen
fluid alone was used.

Clark, K. W., and G. O. Mott. 1960. The dry matter digestion in vitro of forage crops. Can. J.
Plant Sci. 40: 123-129. —— The workers evaluated various forages and varieties of a given
forage in in vitro systems. Large seasonal differences in digestibility were detected by the arti-
ficial rumen technique. Of special interest was that the method of drying the herbage for these

in vitro digestion experiments was studied with the conclusion that there was a significant differ-
ence in favor of freeze-drying. The dry matter digestion coefficients of the freeze-dried herbage
were comparable to those expected for herbage of similar quality digested in vivo. These workers
recommended that in using the artificial rumen technique for plant breeding studies, all lines
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should be screened in a single trial fo insure maximum controls of the variables affected by tech-
nique. Freeze-dried samples were 10 to 15% higher in dry matter digestion than were samples
oven-dried at 85°C.

Clarke, R, T. J. 1965, Quantitative studies of digestion in the reticulorumen: III. Fluctuations
in the numbers of rumen protozoa and their possible role in bloat. New Zealand Soc. Anim. Prod.,
Proc. 25:96—~105. —— The concentration and total numbers of protozoa and of individual species
were measured in cows fed red clover. Concentrations of protozoa varied widely, Total numbers

of protozoa increased after feeding and then dropped to a minimum at about 5 hr. Concurrently,
there was a gain in net rumen content from 0—2 hr before a linear decrease occurred. Total protozoa
numbers were a maximum of about 5.2 x 10° and a minimum of about 2,8 x 10°. Protozoa concentra-
tions varied from a maximum of about 16 x 10%/100 g of rumen content to a minimum of about 6 x
10°/100 g. The marked diurnal variance in total numbers of ciliate protozoa in the rumen was

found to result mainly from changes in the holotrich population. The changes in this population
depended, however, upon the type of feed given previously. The drop in numbers of one species
was too great to be the result of passage of ingesta out of the rumen, and probably it is attributable
to bursting of the organisms in the period of 2~5 hr after feeding. These rumen holotrich protozoa
have a metabolic abnormality whereby they are unable to control the storage of reserve polysac-
charide inside their bodies. In the presence of excess substrate, they may burst as a result of
continued synthesis. This has been shown both in vitro and in vivo. The substances released
when the protozoa burst have foam-stabilizing properties and may in part be responsible for trigger-
ing the imbalance which leads to bloating of animals. The fact that the rumen flora and fauna are
not necessarily the same in various animals maintained on the same feed may be related to instance
of bloat,

Clarke, R. 7. J., and R. E. Hungate. 1966. Culture of the rumen holotrich ciliate Dasytricha
ruminatium Schuberg. Appl. Microbiol. 14:340--345, - These cultures were established in a
salts medium containing 30% clarified rumen fluid. Rumen fluid was essential. There was a
positive correlation between formation of methane in the cultures and growth of ciliates.

Claypool, D. W., and D. R. Jacobson. 1959. Effect of minor changes in the ingredient composi-
tions of the ration on rumen microbial activity. J. Dairy Sci. 42: 913-914.

Cline, J. H., T. V. Hershberger, and 0. G. Bentley. 1958. Utilization and/or synthesis of
valeric acid during the digestion of glucose, starch and cellulose by rumen micro-organisms in
vitro, J. Anim. Sci. 171 284-292.

Davey, L. A., G. C. Cheeseman, and C. A. E. Briggs. 1960. Evaluation of an improved artificial
rumen designed for continuous control during prolonged operation. J. Agr. Sci. 55: 155-163. ——
Two basic designs of artificial rumens have been (1) impermeable systems in which rumen contents
were incubated with specific substrates, and (2) permeable systems in which rumen contents were
incubated with specific substrates, the fermentation being dialyzed against mineral solutions of
varying composition. Generally, permeable systems are closer to the in vivo state than imper-
meable systems. These workers list a series of criteria they consider necessary for establishing
the validity of an artificial rumen system. They describe the construction of an apparatus for con-
tinuous flow studies, but the system is not suitable for large-scale evaluation of forages.

Dawson, R. M. C., P. F. V. Ward, and T. W. Scott. 1964. A micro-artificial rumen for isotopic
experiments. Biochem. J. 90: 9-12,

Dehority, B. A. 1963. Isolation and characterization of several cellulolytic bacteria from in vitro
rumen fermentations. J. Dairy Sci. 46: 217-222. —— Samples of rumen ingesta were obtained
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from a fistulated steer maintained on a diet of mixed hay. The bacteria were obtained from a
phosphate buffer extract of pressed rumen ingesta. Differential centrifugation was used to ob-
tain an inoculum consisting primarily of cellulolytic rumen bacteria. Various bacteria were cul-
tured under anaerobic conditions. Roll tubes were utilized. Colonies were picked from the roll
tubes and stabbed first into slants and then into tubes of liquid medium containing cellulose,
Stock cultures were maintained by daily transfer to fresh media. Five strains were selected for
detailed studies, including representatives of ruminal cellulolytic bacteria, Their nutritional
requirements differed, however, and these requirements differed from those previously reported.

Dehority, B. A. 1965. Degradation and utilization of isolated hemicellulose by pure cultures of
cellulotic rumen bacteria. J. Bacteriol. 89:1515-1520. —— Hemicelluloses from flax, corn hulls,
alfalfa, oat hulls, and fescue grasses were digested by pure cultures of eight bacterial strains.
Three strains of ruminococci were able to partially utilize different hemicelluloses. The extent of
degradation in utilization varied matkedly among the three strains and for the different substrates.
Corn hull hemicellulose was most resistant to degradation and utilization.

Dehority, B. A., K. El-Shazly, and R. R. Johnson. 1960. Studies with the cellulolytic fraction
of rumen bacteria obtained by differential centrifugation. J. Anim. Sci. 19: 1098-1109. —— Di-
gestion of cellulose by rumen microorganisms in vitro was first studied in detail by Marston in
1948. Workers at the Ohio Station developed a technique which separated bacteria from rumen
liquor by centrifugation in the Sharples super-centrifuge, resuspended the bacteria in buffer, and
used this suspension as inoculum in a purified basal medium. This paper describes a differential
centrifugation method whereby a fraction of rumen bacteria containing primarily cellulolytic bac-
teria can be obtained. A diagram is given of the centrifugation scheme for determining the rumen
bacteria which are cellulolytic. For bovine and ovine rumen bacteria, the fraction of bacteria
still in suspension at 1500 x G but sedimented at 3000 x G contained the majority of the cellulo-
Ilytic activity. These organisms were also found in large numbers in the inoculum obtained from
the rumen. These microorganisms required both acid and biotin.

Dent, J. W. 1963. Applications of the two-stage in vitro digestibility method to variety testing.
J. Brit. Grassland Soc. 18: 181-189. —~ The Tilley and Terry system was utilized for varieties
of kale, rape, cabbage, clover, luceme, and silage maize. Results with crops of this nature were
somewhat less satisfactory than have been obtained in the past with grasses. Rumen liquors ap-
peared to vary in their ability to deal with feeds containing appreciable amounts of starch. This
could account for a lack of reproducibility in results from week to week. It has been ohserved by
Warner that the rate of starch digestion depends upon the previous diet of the sheep. EI Shazly
indicated that cellulose digestion may be partially inhibited by the presence of starch.

Dent, J. W., and D. T. Aldrich. 1966. The in vitro digestibility of herbage species and varieties
and its relationship with cutting treatment, stage of growth and chemical composition. Int. Grassl.
Congr., Proc. 10:419-424. —— Their in vifro technique is sufficiently precise that in herbage
trials over two years at two locations differences of 0.9 to 3.2% have been established between
varieties.

Doetsch, R. N, R. Q. Robinson, R. E. Brown, and J. C. Shaw. 1953. Catabolic reactions of
mixed suspensions of bovine rumen bacteria. J. Dairy Sci. 36: 825--831.

Doetsch, R. N., R. Q. Robinson, and J. C. Shaw. 1952. Techniques employed in cultural inves-
tigations of the bacteriology of bovine rumen contents. J. Anim. Sci. 11: 536-544.

Donefer, E., E. W. Crampton, and L. E. Lloyd. 1960. Prediction of the nutritive value index of
a forage from in vitro rumen fermentation data. J. Anim. Sci. 19: 545-552. —— These workers
utilized an in vitro system similar to that of Quicke et al. The inoculum was prepared by strain-
ing rumen juice, resuspending the pulp in a phosphate buffer, centrifuging the resultant buffer
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extract, and resuspending that centrifuged material in a phosphate buffer. Samples were taken

at 3, 6, 12, 24, and 48 hr to examine rates of digestion. A good time curve of cellulose digestion
against fermentation time is given comparing different forages. The prerequisite of a useful in
vitro technique must be its ability to measure the effect on cellulose digestion of early lag dif-
ferences in fermentation between forages. It is necessary to include a standard in all runs to
test repeatability and to compare techniques. They proposed a 12-hr in vitro cellulose digestion
be used to predict a nutritive value index for a forage. They found a correlation of about 0.90 be-
tween in vitro cellulose digestion at 12 hr and nutritive value index for forages ranging in cellu-
lose digestion from 25-55% and nutritive value indices ranging from 35 to 70.

Donefer, E., E. W. Crampton, and L. E. Lloyd. 1966. The prediction of digestible energy in
potential (NVI) of forages using a simple in vitro technique. Int. Grassl. Congr., Proc. 10:442-
445. —— A pepsin solution dissolved in HCI was used to determine percent dry matter disappear-
ance which was found to be highly correlated with forage digestible energy intake potential ex-
pressed as NVI. An equation was developed for 35 grasses and 14 legumes.

Donefer, E., L. E. Lloyd, and E. W. Crampton. 1962. Prediction of the nutritive value index of
forages fed chopped or ground using an in vitro rumen fermentation method. J. Anim. Sci. 21:
815-818.

Donefer, E., P. J. Niemann, E. W. Crampton, and L. E. Lloyd. 1962. Use of an in vitro enzyme
digestion technique to predict the nutritive value of forages. Paper presented at annual meeting
of American Dairy Sci. Assoc., College Park, Maryland. (Mimeograph)

Drew, K. R. 1966. The in vitro prediction of herbage digestibility. N. Zealand Soc. Anim. Prod.,
Proc. 26:52-70. —— Experiments were conducted to compare in vitro methods for predicting
herbage digestibility. Incubation of the test forage with rumen fluid from a grass-fed fistulated
animal for 72 hr followed by a further 24 hr in acid pepsin gave in vitro digestibilities very close
to in vivo figures. A relationship of y = 1.014 x, where y is in vitro organic matter digestibility,
was established. Week to week variation was greatly reduced when this method was used rather
than a 48-hr microorganism digestion followed by a 48-hr pepsin digestion.

El-Shazly, K., B. A. Dehority, and R. R. Johnson. 1960. A comparison of the all-glass, semi-
permeable membrane and continuous flow types of apparatus for in vitro rumen fermentations. J.
Dairy Sci. 43: 1445-.1451. —— All three systems were utilized for 30-ht in vitro fermentations,
Results among the three differed little. The authors concluded that the continucus-flow system
may be more useful for in vitro experiments carried out for longer periods, such as 48—96 hr. One
limitation of the semi-permeable membrane is that it apparently is attacked by bacteria and be-
comes weakened after periods longer than 30 hr. These authots suggested the use of a strip of
the rumen wall epithelium as the membrane because it may be involved in biochemical reactions.
Microscopic examination showed the bacteria that had propagated in 30 hr varied little among the
three systems,

Ei-Shazly, K., B. A. Dehority, and R. R. Johnson. 196la. Effect of starch on the digestion of
cellulose in vitro and in vivo by rumen microorganisms. J. Anim. Sci. 20: 268--273. —— Workers
compared cellulose digestion in vitro with cellulose in vivo in nylon bags. The in vitro system
involved using the resuspended phosphate buffer extract of a rumen pulp, centrifuging this extract,
and resuspending the solids in buffer. The rumen liquor for in vitro studies came from the same
animals used for the in vivo studies. When hay alone served as a ration, the cellulose digestion
rates in vivo and in vitro were practically identical for the time period studied: 12, 24, 30 and

48 hr. There was a sigmoid curve for the results on cellulose digestion. Corn added to the hay
inhibited the in vivo cellulose digestion. This inhibition was lessened somewhat if the com was
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supplemented by urea. Increasing the corn-hay ratio to 2 :1 almost completely inhibited cellulose
digestion in vivo, although in vitro there was still considerable cellulose digestion. The data
suggest there was strong competition for essential nutrients in vitro with the result that starch-
digesting microorganisms proliferated preferentially. There is a competition between the cellulo-
lytic and the amyloltic groups of bacteria for nutrients, the major nutrient probably being nitrogen.

El-Shazly, K., R. R. Johnson, B. A. Dehority, and A. L. Moxon. 1961b. Biochemical and micro-
scopic comparison of in vivo and in vitro rumen fermentations. J. Anim. Sci. 20: 839~843. ——
Rumen-fistulated steers and sheep were used for nylon bag and artificial rumen studies. Sedi-
mented, strained rumen fluid and whole rumen fluid were used as the inoculum. Basal medium and
in vitro procedures were those egsentially of Dehority et al., 1957. Digestion was studied at 3,

6, 12, 24, 30 and 48 hr. Microscopic examination was made of the bacteria after incubation peri-
ods of 2430 hr. With sheep maintained on a purified cellulose diet there was almost an identical
time curve relationship between in vitro and in vivo cellulose digestibility, but after 24 hr in vitro
digestibility was greatly increased over that of the sheep. The rate of digestion in vitro for the
steer seemed somewhat slower than that of the sheep. For incubation periods of 24 to 30 hr the
microorganisms cultured in vitro are representative of those in the rumen when hay is used as sub-
strate both in vivo and in vifro. When the inoculum from the hay-fed steer was incubated in vitro
with purified cellulose, there was an obvious proliferation of the Gram-negative micrococci and a
difference in bacterial concentrations. There was no marked morphological change in the bacterial
population up to 24 to 30 hr.

Elsden, $. R. 1945-1946. The fermentation of carbohydrates in the rumen of the sheep. J. Exp.
Biol. 22: 51-62.

Elsden, $. R. 1946. The application of the silica gel patrtition chromatogram to the estimation of
volatile fatty acids. Biochem. J. 40; 252--256.

Eisden, S. R., and A. T. Phillipson. 1949. Ruminant digestion, Annu. Rev. Biochem. 17: 705~
726.

Eisden, $. R., and A. K. Sypesteyn. 1950. The decarboxylation of succinic acid by washed sus-
pensions of rumen bacteria. J. Gen. Microbiol. 4: 11-18.

Erwin, E. 8., C. 1. Elam, and I. A. Dwyer. 1957. The influence of sodium bentonite in vitro and
in the ration of steers. J. Anim. Sci. 16: 858-862. —— Sodium bentonite bound pure carotene in
vitro, and altering the pH did not influence the release of carotene. Probably sodium bentonite
would have no deleterious effect on carotene use if the clay were incorporated into rations rich
in the pigment.

Fauconneau, G. 1961. étude in-vitro de ’influence des extraits aqueux de fourrage sur la
croissance des bactéries du rumen. Ann. Biol. Anim. Bioch. Biophys. 1: 10-15.

Fing, L. R., C. L. Keith, E. E. Bartley, P. A. Hartman, and N. L. Jacobson. 1962. Modified in
vivo artificial rumen (Vivar) techniques. J. Anim. Sci. 21: 930--934.

Frederiksen, K. R. 1961. Comparative in vitro digestibility of some major constituents of the
summer diet of range sheep. M.S. Thesis. Colorado State Univ. 42 p.

Frederiksen, K. R., and L. E. Washburn. 1961. Comparative in vitro digestibility of some major
constituents of the summer diet of range sheep. West. Sect. Amer. Soc. Anim. Sci., Proc. XLV:
1-6.
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Gall, L. S., and W, L. Glaws. 1957. The bacteriology of the artificial rumen. Bact. Proc. (Amer.
Soc. Microbiol.) p. 20-21. —— A comparison was made of an all-glass impermeable apparatus and
a permeable type employing a cellophane sack. Fermentations were carried out for 24 to 48 hr,
and residual cellulose was determined. Bacteriological counts were made of Gram stains and
anaerobic culfural series designed to culture rumen bacteria from the original rumen contents and
the material in both artificial rumens after 24 hr. The bacteriological examination suggested that
the types of bacteria isolated from the permeable membrane system compared favorably with those
observed in their original rumen contents. This contrasts with results from the impermeable sys-
tem. Although cellulose digestion was complete in both systems, an accumulation of cellulase in
the impermeable rumen may account for this digestion rather than viable bacteria. It is clear that
the permeable system more nearly resembles rumen digestion.

Gilchrist, F. M. C., and A. Kistner. 1962. Bacteria of the ovine rumen. 1. The composition of
the population on a diet of poor teff hay. J. Agr. Sci. 59: 77-83. —— 1. Studies were made of
the composition of the population of the rumen bacteria from sheep on a diet of poor teff hay
(Eragrostis tef). In a study in which the diet of the sheep was reduced in quantity, but not
changed in composition, there was little or no influence on either the numbers or the morpholog-
ical types of bacteria of each functional group. Diet varied from 1200 to 300 g of hay per day.
In a later experiment with alfalfa, rumen flora differed from those of teff hay not only in signifi-
cantly higher counts of carbohydrate-fermented bacteria, but also in distinctive types of cellulo-
lytic bacteria (Kistner et al., 1962). Whereas different types of rod-shaped bacteria, mainly
slender Gram-negative rods and tiny coccoid forms were the most frequent cellulose digesters in
sheep on teff hay, cocci of approximately 1.0u diameter were invariably predominant in the alfalfa
hay-fed sheep.

Gouws, L., and A. Kistner. 1965. Bacteria of the ovine rumen. IV. Effect of change of diet on
the predominant type of cellulose-digesting bacteria. J. Agr. Sci. 64: 51-57. —— Sheep diets
alternated between alfalfa hay and teff hay twice. The teff hay contained 2.8% crude protein and
the alfalfa, 13.6% protein. Cellulolytic bacteria were examined. When the diet was changed from
alfalfa to teff hay, the time required for certain species of bacteria to establish themselves as the
most numerous cellulolytic organisms varied from two to five weeks among different animals.
When the diet changed from teff to alfalfa, Ruminococcus albus became the predominant bacteria
in all sheep within two weeks after the change. In periods immediately following the changes in
diet, cocci giving to rise to atypical colonies and zones of cellulolysis transiently occurred as
the most abundant cellulose digesters in the rumina of all the sheep. These studies suggest
that relatively long preliminary periods are required to establish a ruminal population character-
istic of the diet. They suggest also that a longer time is required when changing from a good
diet to a poor diet than from a poor diet to a good diet.

Grainger, R. B., M. C. Bell, J. W. Stroud, and F. H. Baker. 1961. Effect of various cations and
corn oil on crude cellulose digestibility by sheep. J. Anim. Sci. 20: 319-322.

Gray, F. V., R. A. Weller, and G. B. Jones. 1965. The rates of production of volatile fatty acids
in the rumen, Australian J. Agr. Res. 16: 145-157.

Gray, F. V., R. A. Weller, A. F. Pilgrim, and G. B. Jones. 1961. A stringent test for the artifi-
cial rumen. Australian J. Agr. Res. 13: 343-349.

Grimes, R. C., B. R. Watkin, and J. R. Gullagher. 1966. An evaluation of pasture quality with
young grazing sheep: I. chemical composition, botanical composition, and in vitro digestibility
of herbage selected by esophageal-fistulated sheep. J. Agr. Sci. 66:113-119. —- Herbage sam-
ples were collected at fortnightly intervals by sheep with esophageal fistulae, and digestibility
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was measured in vitro. Pastures being grazed were orchard grass, perennial ryegrass, and tall
fescue each with and without white clover. Samples were obtained under two management systems—
“‘short” pastures maintained at two to four inches height, and “‘long” pastures with unrestricted
growth and flower development. In vitro digestibility was made with a modification of the tech-
nique of Tilley and Terry (1963) in which the second pepsin digestion was omitted. This modifi-
cation was made because much of the herbage organic matter was transferred to the liquor when
squeezing the extrusa. Organic matter digestibility was estimated from the in vitro cellulose
digestibility by a regression equation established for 28 samples dried at 80°C for 24 he without
preliminary squeezing. The original two-stage technique was used to determine organic matter
digestibility., The source of rumen liquor is not given. Field studies were conducted in the 1963~
1964 season in New South Wales. In the early part of the experiment, samples from the grass

plus clover plots had significantly higher organic matter digestibility and percent protein, but
significantly lower percent cellulose than herbage from grass plots. In the latter part of the ex-
periment there were no significant differences. Herbage from the ‘‘short’’ pastures showed a
significantly higher organic matter digestibility and percent protein and lower percent cellulose
than the herbage from the ‘““long’’ pastures throughout most of the experiment. Differences between
these treatments were not evident for animal data.

Gutierrez, J., and R. E. Davis. 1962. Isolation of saponin-digesting bacteria from the rumen of
bloating cattle on ladino clover pasture. J. Anim. Sci. 21: 819--823.

Hale, E. B., C. W. Duncan, and C. F. Huffman. 1947. Rumen digestion studies. J. Nutr. 34:
747758,

Hall, 0. G., H. D. Baxter, ond C. S. Hobbs. 1961. Effect of phosphorus in different chemical
forms on in vitro cellulose digestion by rumen microorganisms. J. Anim. Sci. 20: 817--819.

Hall, 0. G., C. D. Gaddy, C. S. Hobbs. 1959. Response by rumen microbes to phosphorus from
different supplements. Tennessee Farm and Home Sci. Progress Rep. 31. 4 p.

Halliwell, G. 1959. The enzymic decomposition of cellulose. Nutr, Abstr. Rev, 29: 747-759, ——
Cellulose is the world’s most plentiful, naturally-occurring organic compound. Up to 40% of plant
residues are composed of cellulose. The capacity to degrade cellulose may be present in proto-
zoa, insect larvae, worms, wood-boring insects, snails, and limpets, but in many of them the en-
zyme in question appears to be a polyglucosidase, not a cellulase. This extensive article con-
tinues with sections on estimation of the amount of cellulose decomposed and distribution of
cellulolytic activity in animal and microbial species. There is a good section on cellulases of
rumen microorganisms in which early work is reviewed. Enzymic preparations which decompose
cellulose and mechanisms of the enzymic breakdown of cellulose are considered.

Halliwell, G., and M. P. Bryant. 1963. The cellulolytic activity of pure strains of bacteria from
the rumen of cattle. J. Gen. Microbiol. 32: 441-448. —— [n vitro breakdown of degraded and
undegraded varieties of cellulose by pure strains of bacteria isolated from the rumen of cattle was
examined. The capacity of an organism or a cell-free enzyme to attack any one particular form of
cellulose is no criterion of its ability to attack less degraded or undegraded types of cellulose.

It has frequently been suggested that fibrous forms of cellulose are unsuitable substrates for
rmumen microorganisms because of the relatively small surface area exposed to attack, An in-
creased susceptibility to biological attack that accompanies the transition from fibrous to powdery
cellulose is liable to be associated not only with increased surface area, but also with degrada-
tive changes in the cellulose molecules. These studies have indicated that possibly different
mechanisms are responsible for the breakdown of degraded and undegraded cellulose.
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Hanold, F. J., E. E. Bartley, oand F. W. Atkeson. 1957. Effects of combinations of feedstuffs,
with and without aureomycin, on in vitro digestion of cellulose by rumen microorganisms. J. Dairy
Sci. 40: 369--376.

Harbers, L. H., J. M. Prescott, and C. E. Johnson. 1961. Activities of dried rumen microorga-
nisms in vitro. J. Anim. Sci. 20: 6-9.

Harris, C. €. 1963. Comparison of in vivo and in vitro measurements of the digestibility of
fodder crops. J. Brit. Grassland Soc. 18: 189. —- The agreement between in vivo and in vitro
tests on silage maize is less satisfactory than for most crops. Results for brassica are gen-
erally successful, but some kale data are not.

Hastings, E. G, 1944. The significance of the bacteria and the protozoa of the rumen of the
bovine. Bacteriol. Rev. 8: 235-254.

Heed, H. H. 1959. The rate and magnitude of digestion of a roughage as influenced by ethyl
alcohol. M.S. Thesis. Rutgers Univ. 60 p.

Hershberger, T. V., O. G. Bentley, and A. L. Moxon, 1959. Availability of the nitrogen in some
ammoniated products to bovine rumen microorganisms. J. Anim. Sci. 18: 663—670.

Hershberger, T. V., O. G. Bentley, J. H. Cline, and W. J. Tyznik. 1965. Formation of short-chain
fatty acids from cellulose, starch, and metabolic intermediates by bovine rumen microorganisms.
Agr. Food Chem. 4: 952-956.

Hershberger, T. V., T. A. Long, E. W. Hartsook, and R. W. Swift. 1959. Use of the artificial
rumen technique to estimate the nutritive value of forages. J. Anim. Sci. 18: 770~-779. ——
These authors indicate that Marston (1948) was probably the first to study the metabolism of
rumen microorganisms by culturing the population of rumen microorganisms in vitro and determin-
ing the end products formed. These studies were followed by a series of investigations by Bur-
roughs et al. in the early 1950’s. This paper represents one of the early studies of the compari-
son of in vitro and in vivo digestibilities. These workers used an all glass in vitro fermentation
system, a 24-hr digestion period, and pooled microorganisms from two sheep. The results were
compared with in vitro fermentation. Correlations between 24-hr in vitro fermentation and 1n vivo
cellulose digestion were 0.97. In vivo cellulose digestibilities ranged from approximately 55% to
90%. In vitro cellulose digestibilities ranged from approximately 30% to 80%.

Hidiroglou, M., P. Dermine, H. A. Hamilton. 1966. Chemical composition and in vitro digesti-
bility of forage as affected by season in Northern Ontario. Can. J. Plant Sci. 46: 101-109.

Hinders, R. G., R. E. Smith, D. K. Nelson, and G. M. Ward. 1961. Preliminary observations
on the use of total gas production from the artificial rumen to estimate alfalfa hay quality.
Paper presented at the Western Division Meetings of the American Dairy Science Association,
Moscow, Idaho, July, 1961. —— The possible use of total gas production measurements from
hay samples fermented in vitro was studied to determine if this simple and rapid method could
be used to estimate the degree of utilization of hay by rumen microorganisms. The apparatus
consisted of 50-ml Erlenmeyer flasks with airtight connections to 100-ml graduated burettes.
The burettes were filled with water acidified to pH 2.4 to prevent CO, absorption. The flasks
were maintained at 39°C. A phosphate buffer, 15 ml, was added to 0.5 g of alfalfa hay, and
CO , was bubbled into the flasks for ten minutes. Rumen juice was obtained from a rumen-
fistulated cow 5 hr after feeding on an alfalfa hay ration. As fermentation proceeded, the

gas produced by the microorganisms displaced the liquid in the burettes. Readings were
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made after an 18-hr fermentation. A standard average quality alfalfa hay was fermented with
each mn, and gas production measurements were determined as the percentage of the gas
produced by the standard alfalfa hay. Nineteen alfalfa hay samples were fermented in
triplicate. The correlations of gas production to various chemical constituents were all equal
to or less than 0.50.

Hobson, P. N. 1961. Some aspects of rumen microbiology 1956~1960, p. 49-55. In Collected
papers — summary and subject, Rowett Res. Sta. 17. (Rowett Research Institute, Bucksbum,
England.)

Howie, J. W., and F. Baker. 1952. Rumen and caecal micro-organisms as symbijonts. Royal Soc.
London, Proc. 139B: 193-196.

Hubbert, F., Jr., E. Cheng, and W. Burroughs. 1958. Mineral requirement of rumen microorganisms
for cellulose digestion in vifro. J. Anim. Sci. 17: 559--568. —~— Washed suspensions of rumen
microorganisms were prepared. Rumen contents were collected from steers on high corncob rations.
Various minerals were evaluated by removing them singly with a complex nutrient medium. Of the
minerals studied, sulphur, magnesium, and calcium were found to be the inorganic nutrients most
likely to be deficient in a prepared fermentation medium. Additions of manganese, iron, copper,
cobalt, zinc, and boron to the fermentation medium did not result in increased cellulose digestion.
Extremely low levels of copper, cobalt, zinc, and boron depressed cellulose digestion.

Huhtanen, C. N., and R. F. Elliott. 1956. Factors influencing in vitro rumen cellulose digestion.
J. Anim. Sci. 15: 1180-1187. -~ The semi-permeable membrane technique was used to evaluate
the digestion of purified cellulose sources and alfalfa cellulose subjected to various treatments.
On certain diets, dialyzing sacks containing the rumen fluid filled with gas in a few hours and
would practically disintegrate, No actual digestion of the sack could be detected although it was
very greatly weakened. This phenomenon of sack disintegration has been noted only with anti-
biotic-fed ruminants or on very prolonged (48 hr) incubation of rumen fluid. Alfalfa meal was ex-
tracted with boiling solvents in an attempt to decrease digestibility of the cellulose by removal
of postulated cellulolytic factors. Studies on the effect of varying substrate concentrations
showed that the cellulose digestion of alfalfa meal was approximately constant regardless of the
amount of substrate present in the semi-permeable bag. The dilution of the rumen fluid to one-
fifth of the original liquid volume had no effect on cellulose digestion. Further dilution resulted
in progressively less activity. Addition of valeric or isovaleric acids indicated that these acids
are normally present in sufficient amounts in the rumen fluid or they can be readily formed by
rumen microorganisms. This is important because the centrifuged cell technique could give mis-~
leading information concerning the requirements for cellulose digestion of the normal rumen pop-
ulations within the animal. The use of various solvents in extracting the alfalfa meal suggests
that the possible stimulatory factor may be an alcohol-soluble protein. High levels of available
glucose decreased cellulose digestion probably because the organisms used it for a carbon soutce
rather than the less available cellulose., There was no evidence in this study that rumen fluid
quickly deteriorates on contact with air or upon dilution.

Huhtanen, C. N., R. K. Saunders, and L. $. Gall. 1954. Fiber digestion using the miniature arti-
ficial rumen. J. Dairy Sci. 37: 328-351. —— This is a description of a miniature artificial rumen
system. This system consists of a small cellophane sack suspended in a 4-oz screw-cap jar con-
taining a solution similar in mineral composition to sheep saliva. The whole system is placed in
an incubator. The jar must be opened after about 3 hr to relieve gas pressure. Usually incubation
is from 16 to 24 hr. The rumen sample is placed inside the sack with the feed sample to be stud-
ied. At the end of fermentation the contents of the sack are washed into a centrifuge tube, the
fermentation is stopped, and the tube is refrigerated until analysis. In a study with 20 replicates



107.

108.

109.

110.

111.

24

of rumen fluid, average digestion of a feed sample was 47% + 4% (s.d.). In another study in which
samples were taken from the same animal at different times over a 2-month period, the average
was 46.2% + 3.8%.

Hungate, R. E. 1946. The symbiotic utilization of cellulose. Elisha Mitchell Sci. Soc. J.

62: 9-24. —— Various groups in the animal kingdom harbor microorganisms which act in
symbiotic ways to digest cellulose. These include termites and ruminants, the best known
examples, as well as horses, rodents, and certain beetles. Cellulases are produced by fungi,
actinomycetes, molds, bacteria, and protozoa. Also, cellulose-splitting enzymes were discovered
in barley seeds, in the snail, and in a fungus found in the rumen. Rumen bacteria vary in that
some have an extracellular cellulase where others have none. In the termite, there is little mul-
tiplication of protozoa between molts of the insect. In the rumen, in contrast, there is a con-
tinuous growth of bacteria in protozoa with the consequence that large numbers of them pass into
the adjacent portions of the stomach and are digested. The microorganisms associated with
cellulose decomposition in horses, rodents, and insects other than termites have not been in-
vestigated in great detail. It would appear, however, that an initial anerobic cellulose fermen-
tation occurs as a mechanism of the symbiotic utilization of cellulose. The validity of this
hypothesis can be determined only by further experimental studies.

Hungate, R. E. 1960. Symposium: selected topics in microbial ecology. 1. Microbial ecology of
the rumen. Bacteriol. Rev. 24: 353-364. —— The rumen is an exceptional habitat in providing
constant conditions of moisture, pH, temperature, anerobiosis, and food, and in being an open
system in which no stringently restrictive factors such as humoral defense mechanisms limit to

a few the number of kinds of organisms which can survive. Among the factors influencing vari-
ation in counts of samples are variation in sampling procedures, counting method, time of sam-
pling after feeding, culture medium, exposure to oxygen during dilution, and other factors. Many
of the bacteria in the rumen are dead. This may also vary with the diet. It is possible that bac-
teria in cattle on a hay ration die more readily than those animals fed much concentrate, or that
they are sequestered in the fibrous materials in a fashion not easily disrupted by mixing.

Hungate, R. E. 1966. The rumen and its microbes. Academic Press Inc. New York. 533 p.

--— This book is a complete review of rumen microbiology with related discussion of ruminant
nutrition and physiology. It is based on more than 25 years experience by the author and more
than 2000 references. Unfortunately, titles are not given for the references although inclusive
pages of articles are given. There is good historical treatment of most aspects discussed.
Chapters in the book especially pertinent to in vitro evaluation of roughages include those on
bacteria and protozoa of the rumen, the rumen as a continuous fermentation system, and a section
on in vitro evaluation of feedstuffs in a chapter on possible modifications in ruminant feeding
practices. Of special interest is a comparison and discussion of fermentation curves giving
some of their mathematical forms and properties.

Hungate, R. E., G. D. Phillips, D. P. Hungate, and A. MacGregor, 1960. A comparison of the
rumen fermentation in European and zebu cattle. J. Agr. Sci. 54: 196—-201. —— A comparison
was made of rumen fermentation by manometric methods of contents from zebu and mixed-breed
European cattle. These animals were fed poor-quality grass hay, and another group was fed
good-quality alfalfa hay. Hay was fed at 800 and 1600. Fermentation rates of rumen contents
varied from zebu to European cattle due to time of feeding, individual animals, etc. The fer-
mentation rate per gram of dry weight per hour was greater in the zebu in most instances.

Hungate, R. E., G. D. Phillips, A. McGregor, D. P. Hungate, H. K. Buechner. 1959. Microbial

fermentation in certain mammals. Science 130: 1192--1194.
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ifkovits, R. W., H. 5. Ragheb, R. F. Barnes, and L. B. Packett. 1965. A pure-culture inoculum
method for evaluation of forage cellulose digestibility. J. Anim. Sci. 24: 1092-1099. — A
stab culture of Bacteriodes succinogenes S85 was utilized and was maintained on a rumen-
glucose-cellobiose agar with weekly transfers. The time fermentation curve for this species
showed that the percent cellulose digested of a grass followed a sigmoid relationship, whereas
the cellulose digestion of an alfalfa sample had relatively small lag effect during initial fer-
mentation. After 48 hr, for all practical purposes, the fermentation curves leveled off. The
authors have outlined a proposed technigue for evaluating cellulose digestibility by the pure
culture method. This requires sterilizing the forage and nutrient medium. The advantage of
this pure culture method is that there may be smaller within- and between-trial variations in

the inoculum because they are maintained as a pure culture. However, it does not appear this
technique will replace use of the whole rumen fluid and the mixture of species. Furthermore, it
will be necessary to test the effect of a cellulase from a single species on a wide variety of
forages. The system did, however, give good correlations with digestibilities obtained by
other techniques.

Jamison, H. M., and Q. G. Hall. 1964. The effect of Thimet on in vitro cellulose digestion by
rumen microorganisms. Tenn. Farm and Home Sci. Progr. Rept. 51: 4-6. —— In vitro rumen
fermentation techniques were used to evaluate the influence of Thimet, an insecticide, on rumen
microorganisms. It was postulated there might be some stimulation of rumen microbial activity
due to Thimet. Whole rumen liquor was compared with washed-cell suspensions. Thimet was
added at 20, 50, 70, and 100 ppm in the fermentation flask, as well as at lower concentrations.
Beyond 10 ppm, Thimet decreased ruminal microbial activity. The rate of decrease was similar
for washed-cell suspensions and whole rumen liquor. Overall, whole rumen liguor gave higher
cellulose digestibility values than did washed cell-suspensions. Rumen liquor contains factors
which increase cellulose breakdown by bacteria under laboratory conditions. The nutrient medium,
however, was complete and included both inorganic and organic materials.

Jayasinghe, J. B. 1963. The limitations of the technique of suspending foodstuffs in the rumen
for determination of the particular microorganisms attacking them. Ceylon Veter. J. 11: 9-12.

Johas, A. T. 1951. Isolation of a bacterium, producing propionic acid, from the rumen of sheep.
J. Gen. Microbiol. 5: 317-325.

Johns, A. T, 1951. The mechanism of propionic acid formation by Veillonella gazogenes. J.
Gen. Microbiol. 5: 326--336.

Johns, A. T. 1951. The mechanism of propionic acid formation by propionibacteria. J. Gen.
Microbiol. 5: 337-345.

Johnson, R. R. 1963. Symposium on microbial digestion in ruminants: in vitro mumen fermen-
tation techniques. J. Anim. Sci. 22: 792-800. —— A good histroical review of the develop-
ment of in vitro systems is presented. A listing of earlier review articles includes such as
Baker and Harriss (1947), McNaught and Smith (1947), Phillipson (1947), and Marston (1948).
More recent reviews include those of Moxon and Bentley (1955), and Bentley (1959). Historical
treatment begins with studies and suggestions of microbial importance as early as 1874-1882
by Wildt, Zuntz, and Ducleaux (cited by Marston, 1948). Then the work of Tappeiner between
18821888 was cited. The work by Zuntz in 1891 is the last cited before some in 1922 by
Henneberg. Later studies by Hungate on individual bacteria are also cited. This review is
confined primarily to the study of rumen microbial activity in mixed culture rather than in pure
cultures. Historical development of systems per se included that of Woodman and Evans (1938),
Quin (1943), Pearson and Smith (1943), Wagner et al. (1940), and Marston (1948). The publica-
tion of McDougall’s mineral composition of sheep saliva was important because it formed the
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basis of most rumen fermentation mineral mixtures. The basic types of in vitro systems include
those in which, after 36-hour fermentations, half of the previous fermentation serves as inoculum
for the next fermentation; semi-permeable membranes used in a dialysis mixture; all-glass sys-
tems; and continuous flow systems. In all-glass systems Johnson et al. 1958 showed that cel-
lulolitic activity in vitro was not greatly inhibited by concentrations of end products normally
reached in the rumen fermentation media. This suggests that perhaps the semi-permeable mem-
brane is of extra work for little value. The author ieiterates Warner’s criteria for assessing

the validity of in vitro systems but later defends the use of simpler systems. Various techniques
for preparing the inoculum are outlined.  These include (1) whole rumen fluid strained through
cheesecloth and incubated with carbohydrate or nitrogen substrates in the presence of certain
minerals, (2) whole rumen fluid diluted to a greater extent with mineral solutions, (3) rumen
fluid from which coarse debris has been separated by slow-speed centrifugation, (4) rumen fluid
from which bacterial cells were separated by high speed centrifugation, (5) resuspended bacteria
using a phosphate buffer to re-extract fibrous pulp, and (6) washed cell suspensions made from
resuspended pulp. To study nutrient requirements of rumen microflora, it is necessary to use
high-speed centrifugation to remove all of the cofactors that might occur in the rumen fluid.
Furthermore, by re-extracting these, the various types of bacteria can be partially separated by
high-speed centrifugation. These resuspended or washed cell suspensions are used to study
nutrient requirements of microorganisms. These techniques were used to show that valeric

acid and biotin are prowth stimulants for cellulolytic cultures. The author agrees that it is
best to have the animal on the same ration as is being studied in vitro, especially if there is

a wide variation in diet and substrate. The problem is somewhat complicated because the
rumen is continually being reinoculated with bacteria clinging to the forage. Care should be
taken in maintaining the source animal on a ration similar to that being tested or at least on

a standard control type. The author lists various measures of bacterial activity including

(1) bacterial growth, (2) cellulose digestion and protein synthesis, (3) production of volatile
fatty acids, (4) production of gas as measured manometrically, and (5) disappearance of

starch. Use of production of a gas is cautioned because of the lack of specificity and also
because a lag period is usually required before high rates of gas production in an in vitro
fermentation. Starch digestion is a poor criterion because, among other things, in contrast

to cellulose digestion, if starch digestion is incomplete in the rumen, it may proceed to com-
pletion in the lower digestive tract. Second, there are more and different organisms for di-
gesting starch than there are for digesting cellulose, and these organisms are highly variable
from day to day even on the same ration. Vitamin synthesis has been studied from rumen bac-
feria, but generally is not a criterion of fermentation rate or extent. The author indicates that
‘““certainly, one of the most striking applications of the in vitro ramen fermentation technique
has been the recent use in forage nutritive value determinations. No attempt will be made to
review this work here but the reader will be referred to such references as ...””. He then refers
to nine different papers. In answer to one of Warner’s criticisms on the validity of artificial
rumen techniques, the author agrees that they are in no way ‘‘artificial rumens’’ and should not
be called such. They are merely an in vitro fermentation by rumen microorganisms. He indi-
cates if the researcher’s objective is not to attempt to simulate the in vivo situation exactly,
then various in vitro procedures that make no attempt to simulate the intact rumen can be used
to good advantage. Furthermore, considerably greater numbers of fermentations can usually be
run using simpler techniques. The more recent all glass in vitro mmen fermentation system,
such as used in the Ohio laboratory, cultures true rumen cellulolytic species and the data ob-
tained from these mixed cultures are valid. He agrees with Warner’s criticism that rate phenomena
associated with cellulose digestion may not be similar to the rates in the rumen itself. This is
true because many factors affect the lag phase in measuring rates such as the media, buffer sys-
tem, particle size of the cellulose substrate, and inoculum preparation. He indicates it is only
logical that rate phenomena studied in vitro should not be measured until after the lag phase.
He furthermore indicates that rate phenomena of this type can not legitimately be studied unless
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substrates are non-limiting. He concludes with suggesting a few areas in which the technique
has been especially vital in studying nutritional problems or in which it will undoubtedly be
used in the future. He includes as his last and major item the in vitro forage evaluation studies.
He states ‘‘this not only involves use of the technique in practical forage evaluation services
but its use as a means of studying biochemical differences in plant tissues. We have found

it to be a very valuable tool in studying the nature of plant carbohydrates, their digestibility

and their interrelationships. In this case, rumen bacteria serve as an ‘analytical reagent’.”’

Johnson, R. R., B. A. Dehority, and 0. G. Bentley. 1958. Studies on the in vitro rumen proce-
dure: improved inoculum preparation and the effects of volatile fatty acids on cellulose digestion.
J. Anim, Sci. 17: 841-850. — Acomparisonwas made of several methods of treating the inoc-
ulum. The first involved expressing rumen liquor through cheesecloth, centrifuging in a Sharples
centrifuge, resuspending the sediment in a phosphate buffer at pH 7, and using this suspension

to inoculate the in vitro fermentation flask. A second improved inoculum involved discarding the
liquor which was passed through the cheesecloth in the former case, resuspending the pressed
pulp with phosphate buffer, resqueezing this material through a press, filtering the filtrate through
cheesecloth, centrifuging in a supercentrifuge, and resuspending and using this material as the
inoculum. A third study involved obtaining washed cell preparations by recentrifuging the final
inoculum described above and resuspending it in fresh buffer. In these studies valeric acid was
used as an additive or omitted. Further studies involved aerating the inoculum for varying periods
up to 30 minutes at room temperature with and without preincubation for varying medium. The
second extraction (from the pulp) gave approximately 60% more cellulose digestion than did the
first extraction. Washing the cells once reduced the cellulolytic activity to about one-third the
original, and a second washing destroyed the cellulolytic activity entirely. Aerating the inoculum
prior to fermentation decreased its activity, but 60% of the activity still remained after 15 minutes
of aeration. Incubation up to 2 hr caused a slight decrease, but after 2 hr considerably decreased
activity. Use of the pulp-extracted inoculum gave less variation between experiments than did
the other types of inoculum preparations. In the extraction of the pressed pulp, probably more
cellulolytic bacteria were separated from the fibrous mass than in the first extraction. These
studies also show that elaborate practices for maintaining anerobic conditions prior to innocu-
lation of the flasks are unnecessary for measurement of cellulose digestion.

Johnson, R. R., 0. G. Bentley, J. W. Hibbs, and H. R. Conrad. 1936. In vivo and in vitro
natritional requirements of rumen microorganisms. Agr. Food Chem. 4; 627-631. —— The im-
portance of the rumen microflora population in the nutrition of the ruminant animal is stressed.
Consequently, many studies on ruminant nutrition now emphasize the nutrition of the rumen
bacteria themselves. The development of in vitro techniques for studying their nutrition has
assisted these investigations greatly. Among the numerous studies affecting the concentration
of the bacteria in rumen is that of the concentration of cobalt in the diet. A cobalt deficiency
is usually characterized by a severe loss of appetite, drop in numbers of bacteria in rumen, and
subsequent anemia and general emaciation, leading to the death of an animal. This is mitigated
primarily through a production of vitamin B , by the rumen microorganisms. Cobalt promotes
vitamin B, synthesis by the microorganism. Cobalt deficiencies have been cured by either in-
travenous or oral administration of vitamin B, providing sufficient quantities are given. It is
not yet fully determined whether the vitamin B, , is more important for the host animal or for the
men microflora. Techniques of growing rumen bacteria in laboratory flasks are valuable be-
cause one is able to control growing conditions and the nutrient medium. Bacterial activity then
can be measured by such standards as cellulose digestion, nitrogen utilization, vitamin synthesis,
and volatile fatty acid production.

Johnson, R. R., B. A. Dehority, H. R. Conrad, and R. R. Davis. 1962a. The relationship of in
vitro cellulose digestibility of undried and dried mixed forages to their in vivo dry matter di-
gestibility. J. Diary Sci. 45: 250-252. —- A comparison was made of In vitro digestibility of
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dried and undried samples of mixed alfalfa-bromegrass hay, which was green chopped and cut at
five periods during the year. Part of the samples were placed in a dry ice chamber and stored
prior to analysis, and part were dried in a forced draft oven at 65°C. Significant difference ex-
isted between the digestibility of the undried and dried samples at 12 hr but at no other time
periods (6, 24, 30, and 48). The inoculum used in these studies was a supernatant of a cen-
trifuged whole bacteria suspension. At 12 hr, the undried samples were about 7% more digestible
than the dry samples. The correlation between dry matter digestibility and 12 hr in vi¢ro digest-
ibility was not significantly different for undried and dried samples, although the former was
slightly higher. No explanation was given for the difference in in vitro digestibility of the un-
dried and dried forages.

Johnson, R. R., B. A. Dehority, K. E. McClure, and J. L. Parsons. 1964. A comparison of in
vitro fermentation and chemical solubility methods in estimating forage nutritive value. J.
Anim. Sci. 23: 1124-1128.

Johnson, R. R., B. A. Deherity, J. L. Parsons, and H. W. Scott. 1962b. Discrepancies between
grasses and alfalfa when estimating nutritive value from In vitro cellulose digestibility by rumen
microorganisms. J. Anim. Sci. 32: 892-896. —— Studies were made using the in vifro technique
of Dehority and phosphate buffer extract microorganisms taken from a ruminal fistulated steer
maintained on a high-quality mixed hay with a high proportion of alfalfa. A variety of grass and
alfalfa forages, 9—24% crude protein, were fermented. There was good correlation between In
vitro and in vivo cellulose digestibility only when the grasses and alfalfa were evaluated in
separate correlations. This was true whether the correlation was for a 12-, 24-, or 49-hr fer-
mentation period. Other work from the Ohio laboratory indicated that lignification affects cel-
lulose digestibility differently as grass matures compared to alfalfa.

Julen, G., and A. Lager. 1966. Use of the in vitro digestibility test in plant breeding. Int.
Grassl. Congr., Proc. 10:652—-657. —— There were differences among plants in the digesti-
bility of both the leaves and the straw. Plants that were late-heading tended to have lower di-
gestibility than species that were early-heading. Plants that were highly digestible at a certain
stage of development generally had a relatively high digestibility at other stages.

Kamstra, L. D., and N. T. Miller. 1960. Ruminal variation in pH, temperature and in vitro ac-
tivity as affected by ration change and season. South Dakota Acad. Sci., Proc. 39: 84--88.

—— Variations in pH and temperature of the rumen and in vitro cellulose digestion activity were
studied over a 28-week period. Some studies were made on the bacterial flora as related to
seasonal and dietary changes. Changes in the ration had much greater effect on all factors
studied than did seasonal changes. Changing the ration from a high roughage to a low roughage
invariably produced a decrease in cellulose digestion, lower pH, and somewhat higher tempera-
ture. Weekly variations in many factors were high and tended to mask any effect due to seasonal
changes. Total counts of bacteria generally were about 1 x 10° per ml. Types of bacteria and
protozoa, however, changed markedly with ration changes.

Komsira, L. D., and M. M. Thurston. 1965. Determination of forage holocellulose digesti-
bility by in vitro fermentations. S. Dak. Acad. Sci., Proc. 33:122—-127. —~ The holocel-
lulose fraction isolated from five forages and native prairie grass samples was digested in
vitro in a 48-hr fermentation. The digestibility of the entire holocellulose fraction was
greater than the cellulose portion in most instances. This indicates that the hemicelluloses
are more digestible than cellulose. The hemicelluloses appeared to be digested almost com-
pletely within the 48-hr fermentation period. The digestibility of the holocellulose fraction
decreased greatly as plants matured. This decrease, in general, was greater than the de-
crease in digestibility of cellulose with maturity.
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Kamstra, L. D., A. L. Moxon, and O. G. Bentley. 1958. The effect of stage of maturity and
lignification on the digestion of cellulose in forage plants by rumen microorganisms in vitro.

J. Anim. Sci. 17: 199-208. —— The suspended microorganisms were used in an in vitro system
in which the basal medium was a complex mineral mixture with added biotin, para-aminobenzoic
acid, and valeric acid. Cellulose digestion of the whole plant and various cellulose fractions
such as isolated cellulose and holocellulose were studied in vitro. Orchard grass, alfalfa, and
timothy at three stages of maturity were investigated. Separation of the cellulose from lignin
greatly improved its digestibility in vitro. Cellulose in holocellulose was similar in digest~
ibility to isolated cellulose. This indicates that lignin but not hemicellulose has an inhibitory
effect on cellulose digestion. Cellulose digestion decreased as the plants matured. A good
figure is given showing the percent cellulose digested with increasing fermentation times from
about 4 to 30 hr for four different stages of maturity. They found the end point in cellulose di-
gestion was near 24 hr.

Kistner, A. 1965. Possible factors influencing the balance of different species of cellulolytic
bacteria in the rumen. p. 419-432 in: Dougherty, R. W. et al. Physiology of digestion in the
mminant. Butterworths, London. ——Historical development of microbiological aspects of the
rumen is considered. An excellent diagram summarizes factors affecting the physical and
chemical nature of the diet eaten and the environmental conditions in the rumen. The author
emphasizes that different bacteria exist differently in the rumen: some occur free in the rumen
liquor, whereas others are fixed to solid food particles. Thus, the method of sampling could
give quite biased results. All the common cellulolytic species of bacteria are nomally present
in the rumen at all times, but their levels at any given time depend on the extent of their adap-
tation to the conditions then prevailing. After a change-over from one diet to another, species
which are normally of minor importance in animals on either diet may temporarily gain ascendancy.
This means that care must be taken to ensure that the animals used are fully conditioned when a
study is made of the ruminal flora of sheep or cattle on a given diet. The redox potential is knowp
to be an important factor in limiting the growth of rumen bacteria, but because of the difficulty in
poising media at different E_ values with a single redox system, not even the upper limit which
will permit growth is well defined. It appears to lie in the region of —150 to — 200 mv for the
more common cellulose digesters of the rumen. The minimum steady-state values of pCO, which
will support optimum growth of common rumen bacteria are unknown. Most of the bacteria have
simple nitrogen requirements, and ammonia can serve as a major source of nitrogen even in the
presence of casein hydrolysate. Some strains, however, have complex nitrogen requirements,
and most strains require one or more of the volatile fatty acids, n-valeric, isovaleric, isobutyric,
and 2-methy! butyric for growth. There is also a wide variation in the requirement for B vitamins
among strains of different bacteria.

Kistner, A., and L. Gouws. 1962, Effect of change of diet on the predominant type of cellulose-
digesting bacteria in the rumen of sheep. XIII. Inter. Cong. Microbiol. B9. 2:41. (Abstract)

—— On a diet of 4.6% crude alfalfa protein, Ruminococcus albus composed 84% of the cellulolytic
bacteria, but only 17% on a 4.6% crude protein grass diet. Within 24 to 48 hr, there was a drop
in number of Ruminococcus albus when changing from alfalfa to the low protein diet.

Kistner, A., L. Gouws, and F. M. C. Gilchrist. 1962. Bacteria of the ovine mumen. II. The func-
tional groups fermenting carbohydrates and lactate on a diet of luceme (Medicago sativa) hay. J.
Agr. Sci. 59: 85-91. —— See Gilchrist and Kistner, 1962.

Kitts, W. D., and L. A. Underkofler. 1954. Hydrolytic products of cellulose and the cellulolytic
enzymes. Agr. Food Chem. 2: 639-645. —— In the microbiological degradation of cellulose,
specific enzymes are elaborated which are able to split the large polysaccharide molecule into
smaller water-soluble compounds. Many workers have observed that the cellulolytic microorga-
nisms from the rumen act upon insoluble cellulose fibers only by direct contact with the fibers.
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In this experiment, the cellulolytic enzymes were not cell-free but were tightly absorbed on the
outer surface of the cell membrane. Poor results were obtained by using supersonic vibration
to free the enzymes from the rumen microorganisms. Cell-free extracts were obtained, however,
by a complex process of grinding, centrifugation, and resuspension.

132. Knipfel, J. €., and J. E. Troelsen. 1966. Interaction between inoculum donor diet and sub-
strate in in vitro ruminant digestion studies. Can. J. Anim. Sci. 46:91-95. —— A two-stage
1n vitro digestion technique was used for 12 and 48 hr with inoculum from six ruminally
fistulated wethers fed alfalfa hay, wheat straw hay, and barley grain separately and in dif-
ferent combinations. There were significant interactions among inoculum donor diets, in vitro
substrate mixtures, and fermentation periods. Inocula containing all feed ingredients gave
similar digestibilities of each substrate, showing that the microflora more quickly adapted
to the substrate when the donor diet contained all the substrate ingredients. The relative
rank of quality of the six substrates estimated by in vitro digestibility depended upon the
inoculum donor diet as the length of fermentation period. Forty-eight-hour fermentation
periods with each of the inocula resulted in greater spreads in quality ranking of the sub-
strates than did 12-hour fermentation periods. Increasing the proportion of alfalfa in the sub-
strate increased the difference between in vitro digestibility of dry matter and organic matter,
probably due to the higher concentration of soluble ash in the alfalfa.

133.  Lambert, M. R., and N. L. Jacobson. 1956. The effect of chlortetracycline feeding on in vitro
cellulose digestion by rumen microorganisms. J. Anim. Sci. 15: 509-514. —— Chlortetracycline
in the diet of cows at 240 mg/day decreased digestibility of a purified cellulose from 45% to 34%
and decreased digestibility of cellulose in alfalfa from 59% to 45% as compared to animals on the
same diet not receiving the chlorotetracycline.

134.  Lompila, M. 1959. On the effect of pH in vitro upon the microbial processes in the rumen con-
tents of the cow. Suomen Maataloustieteellisen Seuran Julkaisuja 94: 1-10. —— A study was
made of the effect of pH on the fermentation rate of whole rumen ingesta contents. The rumen
contents were put in sealed flasks, incubated at 39°C, and shaken at l-hr intervals. pH was
measured at 2-hr intervals. Range in pH was from 5.0 to 6.7, and the rate of production of
volatile fatty acids was highest at about pH 6.2.

135. Leatherwood, J. M. 1965, Cellulase from Ruminoccocus albus and mixed rumen microorganisms.
Appl. Microbiol. 13: 771-775. —— Cellulase was extracted from mixed rumen organisms of
steers on a grass-hay diet by centrifuging the rumen inoculum through a continuous flow system
at 30,000 x g, discarding the supernatant, resuspending the remaining cells and liquid in a phos-
phate buffer, adding n-butanol, stirring the suspension for 18 hr, centrifuging again at 25,000 x g,
and collecting the clear supermatant fluid. This extract was dialyzed about 18 hr and stored untit
used as a source of cellulase. Sources of cellulase were investigated with acid-swollen cellulose
and carboxymethylcellulose as substrates. Cellulase was extracted from pure cultures of Rumino-
coccus albus. Maximum activity occurred at approximately pH 5.8 at 47°C. Approximately 20% of
the cellulase of the mixed rumen microorganisms was immunologically similar to the cellulase from
Ruminococcus albus. The mechanism of degradation indicated the two were similar. However,
glucose is the main product of cellulose degradation by Ruminococcus albus. This article indi-
cates “‘there are no reports in the literature concerning cellulolytic activity in cell-free prepara-
tions from pure cultures of rumen microorganisms.”’

136. LeFevre, C. F., and L. D. Kamstra. 1960. A comparison of cellulose digestion in vitro and in
vivo. J. Anim. Sci. 19: 867-872. —— A comparison was made between the digestive power of
the inoculum from cattle and from sheep. These animals received rolled com, soybean oil meal,
and medium quality alfalfa hay twice daily. Inoculum was secured before the animals received
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moming feed and water. In vitro cellulose digestion results (48 hr) were similar to those obtained
in vivo. Correlations for all samples combined was only about 0.30; however, if six prairie hay
rations were removed the correlation increased to about 0.84. This suggests that there is a basic
difference in the types of bacteria in the animal on the high-quality diets as compared to those
requited to digest cellulose on the low-quality diets. There was very little difference in their
ability to digest cellulose between the inoculum from sheep and cattle maintained on similar
high-quality diets.

Lewis, E. (Ed.). 1961. Digestive physiology and nutrition of the ruminant. Butterworths
Limited. London. 297 pp. -— This is the proceedings of the University of Nottingham’s
7th Easter School in Agricultural Science. Of special interest is part Il of this book con-
cerned with metabolism in the rumen. Chapters of interest are Descriptive Microbiology of
the Rumen, Techniques of Counting Rumen Organisms, Carbohydrate Metabolism in the
Rumen, The Fate of Nitrogenous Compounds in the Rumen, Influence of the Rumen on Diges-
tion and Metabolism of Lipids, Mineral Relationships of the Ruminant, and Techniques for
Studying Rumen Metabolism with Special Reference to the Use of Radioisotopes.

Lloyd, L. E., H. F. M. Jeffers, E. Donefer, and E. W. Crampton. 1961. Effect of four maturity
stages of timothy hay on its chemical composition, nutrient digestibility and nutritive value in-
dex. J. Anim. Sci. 20: 468-473. —— In vitro cellulose digestion decreased with advancing
maturity stage of timothy hay. All four stages evaluated had a sigmoid relationship between
fermentation time and in vitro cellulose digestion percent. Lag periods in the start of in vitro
cellulose digestion appeared to be related to the nutritive value of the forage species studied.
The in vitro system that was used was that of Donefer et al. (1960). Forages were evaluated
at 3, 6, 12, 24, and 48 hr.

Louw, J. G., H. H. Williams, and L. A. Maynard. A new method for the study in vitro of rumen
digestion. Science 110: 478-480. —— This research was an early comparison of a semi-permeable
bag vs. an all-glass system for in vitro cellulose digestion. In this study, acetic and propionic
acids were formed in the same portions in both types of systems, but less total volatile fatty

acids per grams of cellulose digested were formed in the semi-permeable bag. Acetic acid dif-
fuses at a greater rate from the bag than propionic. There was no attack by microorganisms on

the bag. Such attack usually begins at broken or tom ends, and no such surfaces were exposed

in these experiments. Stirring of the contents of the inner bag of the flask increased the extent

of cellulose digestion; however, earlier studies had shown that rapid frequent stirring caused
decreased fermentation.

Macleod, R. A., and C. A. Brumwell. 1954. In vitro cellulose digestion by rumen microorganisms
and jts stimulation by fishery by-products. Appl. Microbiol. 2: 130-135. —— Cellulose digestion
was measured by the loss in weight of a roll of vegetable parchment after fermentation. This fer-
mentation was conducted in tubes with varying amounts of rumen liquor (strained) collected from
cattle from a slaughter house. The cattle had previously been fed alfalfa or timothy hay. Varying
amounts of nitrogen supplements were included (fishery products). The fermentation was aided

by a salt mixture patterned after that used previously by Burroughs. Each tube was stoppered
with a one-hole stopper from which an outlet tube ran. A small bulb attached to the end of the
tube and open at the other end was placed in a test tube of water. This arrangement permitted
escape of fermentation gases while maintaining anaerobic conditions. Fermentations were con-
ducted from 70 to 120 hr, and were characterized by a lag period of approximately 36 hr during
which microbial populations increased rapidly. Nitrogen added almost doubled the cellulose
digestion. The extent to which nitrogen affected the digestion was affected by the ration of
rumen liquor to water in the inoculum. Maximum fermentations were obtained with a 1.5:1 or

1.0:1 ration of rumen liquor to warm air-free water.
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141.  Marquardt, R. R., and J. M. Asplund. 1964a. The effects of water extracts of forages on in
vitro cellulose digestion by rumen microorganisms. Can. J. Anim. Sci. 44: 16~23. —— Water
extracts were made of 14 forages ranging from leafy alfalfa to wheat straw. Most of the forages
were legume and non-legume hays and silages. The extraction procedure took 25% of the dry
matter, 40% of the protein, and 60% of the ash in most of the forages, but a much lower con-
centration in wheat straw. The water-extracted material was lypholized, and 200 mg were
added to each 1a vitro flask with 200 mg of sodium carbonate and 200 mg of purified cellulose.
These fermentations were compared against a control medium outlined by Donefer. The control
mediums supported the most rapid cellulose digestion. Of the forage extracts, on an equal dry-
matter basis, the wheat straw extract supported the fastest cellulose digestion and the grass
hay extract the slowest. The other four extracts supported intermediate rates. The grass hay
extract had similar composition to that of wheat straw except that it had a much higher content
of carbohydrates. Earlier work has shown that large amounts of readily available carbohydrates
depress cellulose digestion. In all trials the increase in cellulose digestion when extracts were
supplemented with phosphate-sulphate and urea was greater than the sum of the increases when
these supplements were added singly. Because large differences were necessary to demonstrate
significance between forages, it is felt that this technique of using aqueous extracts is not suf-
ficiently precise to be used as a criterion of forage quality.

142.  Marquardt, R. R., and J. M. Asplund. 1964b. The effects of variations in volume of inocula on
the in vitro cellulose digestion by rumen microorganisms supported by nutritionally inadequate
media. Can. J. Anim. Sci. 44: 24--28. —— Washed and rewashed inocula were compared at
various volumes per milligram of cellulose with and without added urea. In a second experi-
ment the basal medium (Donefer) was diluted. In a third experiment autoclaved rewashed inoculum
was compared with nonautoclaved inoculum. Cellulose digestion increased linearly (r2xy = .99)
as the volume of inoculum. However, volume of inoculum did not have an effect on fermentations
in the basal medium. There was a curvilinear relationship between percent cellulose digestion
and millimeters inoculum at low levels of the basal medium. Successive increments of both fresh
and autoclaved inocula supported increased cellulose digestion. However, when the fresh inoculum
was used in artificial rumen studies where different fermentation media are used, and especially
where a constant fermentation time is used, great care must be taken to standardize the inocula
or to control the variation by statistical means. The effect of the amount of inoculum on the
maximum cellulose digestion supported by inadequate media was not determined. Time durations
were too short to evaluate this.

143. Marston, H. R. 1948, The fermentation of cellulose in vitro by organisms from the rumen of
sheep. Biochem. J. 42: 564-574. —— This is one of the early detailed studies on in vitro
fermentation. There is a good review of the very early literature on rumen fermentation going
back to Wildt, 1874, who suggested that microorganisms are responsible for the decomposition
of cellulose in the alimentary canal. Marston’s apparatus consisted of a 3.5 1 glass vessel
with a stirrer, access ports for introduction of alkali, electrodes for pH and oxidation-reduction
potential measurements, a thermo-regulator, an in-going stream of N2, and an out-going stream
of fermentation gases. Cellulose which was digested was ‘“‘practically pure alpha cellulose
from birchwood” in two experiments and cellulose prepared from filter paper which had been
suspended in sodium hydroxide and then washed with dilute hydrochloric acid in the other two.
He provided a rather complex mixture of inorganic constituents including ammonium sulfate,
potassium acid phosphate, magnesium sulfate, and calcium chloride along with traces of iron,
copper, zinc, and cobalt. Inoculum was obtained from slaughtered sheep which had been fed on
cereal hays. The rumen ingesta was strained, the liquid portion was centrifuged (to remove con-
taminants), the supernatant was separated in a centrifuge and the residual sludge was taken up
in a phosphate buffer and made up to volume. This sludge material was used to inoculate the
flasks. Upon inoculation, N, was passed through the system and then sodium carbonate buffer
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was used to bring the pH to 6.8. Reaction was adjusted throughout the run. Rapid stirring of
the flask contents reduced the rate of fermentation. Marston found ruminal fermentation yielded
acetic acid, propionic acid, carbon dioxide, and methane as main products and smaller quantities
of formic and buteric acid and traces of acetaldehyde, pyruvic acid, and lactic acid.

McAnally, R. A., and A. T. Phillipson. 1944. Digestion in the ruminant. Cambridge Phil. Soc.
Biol. Rev. 19: 41-54.

McBee, R. H. 1953. Manometric method for the evaluation of microbial activity of rumen with
application to utilization of cellulose and hemicelluloses. Appl. Microbiol. 1: 106-110.

—— Any major dietary change will be reflected upon the microorganisms long before a change

in the nutritional state of the animal could be detected by other means. This author used a War-
burg respirometer to study fermentation rates of rumen microorganisms. He stressed the impor-
tance of using a fistula for sampling the rumen microorganisms because replicate samples taken
from steers by means of a stomach tube gave differences in results of over 100%. There were
large differences between whole rumen fluid, the solid fraction, and the liquid fraction of the
same specimen. Digestive activity of fluid taken from a sheep on alfalfa hay was compared to
fluid from the same animal after the hay diet had been supplemented with cellulose and hemicellu-
lose. There was an increase in the rate of fermentation of hemicellulose when the diet was sup-
plemented with cellulose over that found while the animal was on an exclusive hay diet, and

the lag in measurable fermentation of cellulose was reduced from a period of several hours

to about 15 minutes. Addition of hemicellulose to the diet gave a higher rate of fermentation
than did the basal hay diet but did not decrease the lag in fermentation of cellulose. All of

the hemicellulose fermenters could not ferment cellulose. The rate of fermentation of various
substrates is not constant, but is subject to wide fluctuations following changes in the diet

of the ruminant.

McDougall, E. 1. 1948. The composition and output of sheep’s saliva. Biochem. J. 43: 99-109.
—~— An early relatively complete description of salivary composition. His suggested ‘‘artificial
saliva’’ became the standard for many in vitro buffer systems.

McNaught, M. L., E. C. Owen, and J. A. B. Smith. 1950. The utilization of non-protein nitrogen
in the bovine rumen: 6. The effect of metals on the activity of the rumen bacteria. Biochem. J.
46: 36-43. —— These authors note ‘‘there are grave doubts as to whether results obtained with
pure cultures would help much in elucidating the processes occurring in the normal rumen where
a mixed population of bacteria and protozoa is always found ... and where symbiotic relation-
ships of one species of micro-organisms to another almost certainly obtain ...”’ The in vitro
procedure in this study was to obtain mumen ingesta from a permanently ruminal-fistulated cow,
strain the material through muslin, centrifuge to remove the debris, strain the centrifuged rumen
liquid, and divide the liquid into various portions to which urea was added to provide non-protein
nitrogen. Various metals or chelating agents were added. Samples were obtained from the flasks
before and after a 4-hr fermentation, and their non-protein nitrogen content was determined. The
decrease in non-protein nitrogen occurring during incubation is correlated with an increase in bac-
terial protein and was the measure of activity (mg nitrogen/100 g rumen liquid).

Meiske, J. C., R. L. Salsbury, J. A. Hoefer, and R. W. Luecke. 1958. The effect of starvation
and subsequent refeeding on some activities of rumen microorganisms in vitro. J. Anim. Sci.
17: 774-781. —— The inoculum used was strained rumen fluid obtained from a fistulated steer.
The in vitro system was a semi-permeable membrane system with incubation periods of 3, 6, 9,
and 24 hr. The measure of digestive power of the inoculum was the decrease in viscosity of a
stable suspension evaluated by the time required for a definite volume of the solution to flow
through a calibrated capillary tube. The substrate was a 0.3% solution of carboxymethylcel-
lulose. Comparison was made of the strained rumen fluid, a fraction centrifuged at 1500 rpm
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for 5 minutes (to remove protozoa and plant material), and a fraction prepared by centrifuging

the material further at 12,000 rpm for 110 minutes in a refrigerated centrifuge. This procedure
removed the bacteria and resulted in a cell-free preparation of rumen fluid. Various combina-

tions of timothy and alfalfa hay were utilized before and after the steer had fasted for periods

of 48--72 hr. The diet was supplemented with a complex ration. The pH of the rumen fluid

rose continuously during fasting to a high between 7.6 and 7.9. The ability of rumen fluid to
digest cellulose in vitro decreased greatly when the steer fasted for three days. All fractions

of rumen fluid also decreased in their activity upon carboxymethylcellulose. The ability to

digest cellulose in vitro was normal 3—4 days after resumption of feeding following fasting,

There were no major differences in activities of rumen microorganisms due to the type of hay

and diet received by the steer before and after fasting. On a normal diet there was relatively

little cellulose digesting activity of the cell-free preparation. However, during early refeeding
following fasting the activities of the three fractions were approximately equal indicating that

the enzymes were free of the cell. Shortly following refeeding all portions of rumen fluid showed

a higher than normal, but approximately equal activity on carboxymethylcellulose suspensions for
at least a short time. The ability to reduce the viscosity of carboxymethylcellulose and the ability
to hydrolyze cellulose are not necessarily related and may not be accomplished by the same enzyme.

Miles, D. G., G. Griffith, and R. J. K. Walters. 1964. The effect of ““winter burn’’ on the chem-
ical composition and 1n vitro dry-matter digestibility of eight grasses. ]. Brit. Grassland Soc.

19: 75-76.

Mohammed, A. S. 1966. A comparison of different methods which estimate nutritive value of for-
ages. Ph.D. Thesis. Univ. Tennessee. 91 p. —— The washed-cell suspension method and whole
rumen fluids were used. Inocula were obtained from a fistulated steer fed alfalfa hay. Femmenta-
tion periods were 8, 12, and 24 hr to study 11 forages. Dry matter and cellulose digestion were
evaluated. A sodium bicarbonate buffer but no nutrient medium was used with whole rumen fluid.
In vivo digestibility was not well-correlated with in vitro cellulose digestion. Samples were 0.4 g
of forages ground through a 40-mesh screen. Cottonseed meal and/or concentrates were added to
the mixture for in vivo studies. Each sample was run in duplicate in three trials.

Moore, J. E., R. R. Johnson, and B. A. Dehority. 1962. Adaptation of an in vitro system to the
study of starch fementation by rumen bacteria. J. Nutr. 76: 414-422. —— Microscopic exami-
nation of the bacteria of different sheep suggested there would be differences in their microbial
activity. Experiments were conducted in which the grams of starch fermented were regressed
with the milliequivalents of total volatile fatty acids produced. Graphs of these data suggest

the relationship between the two variables are similar for the three sheep. This suggested that,
although slight differences in microscopic appearance of the mixed cultures were observed, these
18 mixed cultures may have had the same gross metabolic activities. In another study there were
no consistent differences between the inocula from four sheep in their ability to ferment starch.
However, in all instances the sheep were fed a constant diet of ground shelled corn, chopped
mixed hay and soy bean oil meal. Additionally a small amount of long hay was fed to prevent
loss of appetite, and trace mineralized salt and water were offered ad libitum. A good description
is given of the system for inoculum preparation by stepwise ceatrifugation.

Morris, J. G., L. E. Harris, J. E. Butcher, and C. W. Cook. 1965. Indices of efficiency of rumen
fermentation of sheep grazing desert range forage as influenced by supplements of nitrogen and
phosphorus. J. Anim. Sci. 24: 1152—-1158.

Munch-Petersen, E., and A. A. James. 1964. A method of assessing ‘‘free-living’’ and
““attached’’ bacteria in rumen content. J. Zentralblatte fur Bakteriologie Parasitenkunde,
Infektionskrankheiten und Hypgiene. 194:358-364. ~— A spray unit was designed to separate
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rumen fluid info a filtrate and other material. Isotonic culture medium in rolled tubes was
used to determine colony counts for these two sources. 'The number of fertile tubes sown
with a filtrate was higher than those of the untreated controls.

Nago, M. M. A., and K. L. El-Shazly. 1963. The use of the in vitro fermentation technique
to estimate the digestible energy content of some Egyptian forages: I. The in vitro diges-
tion of cellulose as a criterion of energy content. J. Agr. Sci. 61:73-79. —— A continuously
gassed, 24-hr in vitro system with whole rumen fluid was used to measure percentage cellu-
lose digestion. Percent cellulose digestion was correlated with in vivo cellulose digestion
and digestible energy. Digestible energy of the legumes was less well-correlated with in
vitro cellulose digestion than was digestible energy of non-legumes.

Nagy, J. G., H. W. Steinhoff, G. M. Ward. 1964. Effects of essential oils of sagebrush on deer
rumen microbial function. J. Wild, Manage. 28: 785-789. —— Extracts of essential oils from
big sagebrush (Artemisia tridentata) were evaluated as they influenced fermentation ability of
microbes from deer rumens and the effect on digestive action in a steer. To obtain rumen fluid
from deer, the deer were killed by rifle shot. Minutes after death the rumen wall was opened and
contents were placed into sterile containers. The elapsed time between killing the deer and
arrival of the liquid in the laboratory was about two hours. Preliminary studies showed that
keeping rumen fluid at lower temperatures for short periods of time did not affect bacterial fer-
mentation. Rumen microorganisms occurred at about 4 x 10°/g of rumen contents in the deer.
Increasing amounts of essential oils from big sagebrush showed definitely decreased amounts
of cellulose digestion by these deer rumen microorganisms. Similar results were obtained by
manometric devices for evaluating gas production. A steer fed sagebrush, per fistula, at about
3 kg/day soon had a failure of appetite and rumen movement was stopped. Replacing the solid
rumen contents with only the liquid portion failed to stimulate appetite. Replacement of the
rumen contents with that from alfalfa-fed cows reinitiated appetite. Deer rumens contain about
10-20% solid material. Thus, if the diet contained 15-30% of big sagebrush, there would be
only a slight decrease in cellulose digestion, Greater levels of sagebrush in the diet could ap-
preciably decrease cellulose digestion rates in the deer. However, adaptation of the rumen
bacteria while the animals are continuously digesting sagebrush may be an important factor and
should be evaluated.

Nicols, R. E. 1955. A sampling tube for rumen fluid. Am. J. Vet. Res. 16: 410.

Ochi, Y., M. Ogata, T. Mitsucka, C. Kaneuchi, and H. Kawaguchi. 1960a. Studies on microflora
in the alimentary tract of livestock: I. Method for the culture of the bacteria in rumen., Japanese
J. Vet. Sci. 22 167-174.

Ochi, Y., M. Ogata, T. Mitsuoka, C. Kaneuchi, and H. Kawaguchi. 1960b. Studies on microflora
in the alimentary tract of livestock: II. Bacterial flora in the rumen of cows fed different rations.
Japanese J. Vet. Sci. 22: 233-239. —— No marked variations of flora occurred except in cows
fed roughage (Lactococcus predominated) or concentrate (Bifidobacterium predominated), Counts
were about 107-108/ml, and counts were higher on concentrate diets,

Oh, H. K., B. R. Baumgardt, and J. M. Scholl. 1966. Evaluation of forages in the laboratory.
V. Comparison of chemical analyses, solubility tests, and in vitro fermentation. J. Dairy
Sci. 49:850-855. —~ Prediction of digestibility of crude protein, acid-detergent fiber, acid-
detergent lignin, cell-wall content, cellulose solubility, dry matter solubility, cellulose di-
gestion in vifro, and dry matter digestion in vitro were related to in vivo dry matter digesti-
bility. None of the chemical components or solubility methods studied should be used to
compare forages of different species. Best results could be expected from a two-stage in
vitro digestion.
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Oellermann, R. A. 1964, Nutritive value of Themedia triandra. 1. The influence of variables on
the detemination of the different protein fractions in forages and on the in vitro fermentation
procedure employed. S. Afr. J. Agr. Sci. 7: 633-648. —— Samples of rumen fluid were obtained
from 14 grazing wethers by means of a stomach tube. Approximately 250 ml of rumen fluid was
taken from each sheep. Samples were pooled and transported to the laboratory, where the material
was pressed and the ingesta was resuspended in a phosphate buffer. The resuspended phosphate
buffer extract was employed as the inoculum for the in vitro fermentations. The in vitro system of
Quicke et al. was utilized. Cellulose digestibility was evaluated for 12 to 72 hr of fermentation.
Maximum cellulose digestibility was reached near 48 hr, but maximum time required for protein
synthesis on a grass substrate was near 24 hr. The rate of cellulose digestion in vitro was en-
hanced by addition of urea to the fermentation tubes. The maximum level of cellulose digesti-
bility was about 3% higher with urea than without urea. The conclusion was that urea supple-
mentation did not improve cellulose digestibility with leaf sample as a substrate but it did with
the stem sample and with a purified cellulose sample (filter paper). Optimal cellulose digestion
in vitro could not be obtained without nitrogen supplementation for the stem sample and purified
cellulose.

Pant, H. C., J. S. Rawat, and A. Roy. 1962. Studies on rumen physiology: I. Growth of fistu-
lated animals and standardization of methods. Indian J. Dairy Sci. 15: 167--185. - A variety
of studies were made with buffalo, cattle, sheep, and goats to evaluate rumen fermentation tech-
niques. The comparison was made between rumen liquor obtained through a fistula by suction
from live animals and from slaughtered goats on the same diet. There was no significant dif-
ference in the total volatile fatty acids, ammonia concentration, or the percentage cellulose
digestion in liquor samples obtained by the two techniques. Percent cellulose digestion in
strained rumen liquor from goats fasted for 24 hr was about 25% as compared to about 57% for

fed goats. Fasting apparently affects the inoculum processed by different methods in different
ways. A comparison was made of the ability to digest pure cellulose powder by goats and sheep.
These studies, spread over eight months, showed goat rumen liquor could digest more cellulose
than sheep. These animals were allowed to graze throughout the year and there was considerable
change in pasture quality. Some dietary habit differences did occur; goats grazed leaves of
Jherberi, but sheep did not.

Pearson, R. M., and J. A. B. Smith. 1943. The utilization of urea in the bovine rumen. 2. The
conversion of urea to ammonia. Biochem. J. 37: 148-~153. -— The effects of passing air, carbon
dioxide, or nitrogen through fermentations of strained rumen liquor did not differ greatly among
the three gases. This was measured as urea nitrogen per 100 g of rumen fluid disappearance.
Fermentation mixtures containing a phosphate buffer, starch, and rumen fluid over a range 4--89°C
showed a maximum rate of urea nitrogen conversion to ammonia at 49°C. pH was investigated
over a range of 3~11. The optimum was between 7 and 8, Rumen liquor samples, obtained 1 hr
post-feeding of the host animal, converted urea to ammonia at a slightly, but not significantly,
faster rate than a sample collected at 16 hr post-feeding. The data suggest that 40-80 g of

urea could be converted in the rumen (75 kg) in one hour.

Pearson, R. M., and J. A. B. Smith. 1943. The utilization of urea in the bovine rumen. 3. The
synthesis and breakdown of protein in rumen ingesta. Biochem. J. 37: 153~164. —— In this
early in vitro fermentation study 900 ml of rumen liquor was incubated for 8 days with 2.5 g

of urea, 12 g of potassium acid phosphate buffer, 10 g of glucose, and 0.1 g of ferric sulfate.
Microscopic examinations of the microflora and fauna indicated that even after one day’s in-
cubation, great changes had taken place so that the “‘microbial picture’’ bore little resemblance
to that of the initial sample. Based on microscopic evidence, there was no significant change

in the “‘microbial picture’” during initial 24 hr incubation period.
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Pettyjohn, J. D., J. M. Leatherwood, and R. D. Mochrie. 1964. Simplified technique for in vitro
comparison and dry matter digestibilities of forages. J. Dairy Sci. 47: 1102-1104.

Preston, R. L., and W. H. Pfander. 1961. Cellulose, starch and nitrogen levels for maximum
cellulose digestion by rumen organisms in vitro. Fed. Proc. 20:372 (Abstr.). —— Both small
amounts of urea and cornstarch were required for maximum cellulose digestion in Solka-floc.
Their maximum rates of digestion were found in the 16-20 hr period.

Pritchard, G. |., L. P. Folkins, and W. J. Pigden. 1963. The in vitro digestibility of whole
grasses and their parts at progressive stages of maturity. Can. J. Plaot Sci. 43: 79-87, —— In
vitro techniques were used to investigate digestibility of heads, leaves, and upper and lower
stems of several domestic forages. The most rapid decline in in vitro digestibility began with
head emergence. The rate of decline for the heads and stems was greater than for the leaves.
The upper segments of the stems tended to have a lower in vitro digestibility than the basal
segments.

Pritchard, G. I., W. J. Pigden, and D. J. Minson. 1962. Effect of gamma radiation on the utili-
zation of wheat straw by rumen microorganisms. Can. J. Anim. Sci. 42: 215-217. —— The ef-
fects of gamma radiation (from °°Co) upon the feeding value of wheat straw were determined by
in vitro fermentations with rumen microorganisms. Exposure of straw to dosages of 1 x 107 rads
caused a slight increase in dry matter digestion, whereas higher exposures caused marked in-
creases. The solubility of straw was also increased with dosages of 10® rads or more. Above
2.5 x 10® rads there was no increase in volatile acid production from the fermentations. This
suggests that above this level of radiation the carbohydrates are disintegrated to such a degree
that they are no longer suitable substrates for rumen microorganisms. These studies confirmed
that there ate nutrients available in wheat straw, but that they are entrapped or encrusted by non-
digestible substances. This occurred even when the wheat straw was ground through a hammer
mill equipped with a 0.02-cm screen.

Purser, D. B,, and R. J. Moir. 1959. Ruminal flora studies in the sheep. IX. The effect of pH
on the ciliate population of the rumen in vivo. Australian J. Agr. Res. 10; 555-564., —— No
consistently significant differences were found in the concentration of ciliate protozoa at four
different sites in the rumen, although there were significant differences among sheep. Sampling
at various times after feeding showed there was a marked diurnal fluctuation in the ciliate pop-
ulation, the concentration after feeding falling to as low as one-third of the pre-feeding levels.
The ability of the protozoa to divide was strongly inhibited by low pH, which was experienced
2~4 hr postfeedings.

Purser, D. B., and R. J. Moir. 1966. Rumen volume as a factor involved in individual sheep
differences. J. Anim. Sci. 25: 509-515. —— Rumen volume may have a double influence on
microbial substrate relationships withia the rumen when animals with different rumen volumes
are fed at the same level of feed intake. First, competition for food would be great and ex-
tended over a relatively long period of time in small rumens. In large rumens there would be

a relatively large ratio of substrate to microorganisms for at least a short period of time.

These two systems present vastly different ecological environments, and it is likely that this
has some effect on population composition and possibly also on metabolic relationships. The
second effect of a variable rumen volume on microbial relationships follows from the fact that
different percent dry matter of rumen content may occur. This also may affect the substrate-
microorganisms relationship. These authors concluded that for comparative studies different
animals should be fed at the same proportions of their ad libitum intakes. Animals with small
rumen volumes exhibit extended feeding habits and possibly these animals may be more efficient
when feed intake is restricted because they provide a more continuous and relatively active type
of metabolism. This may be especially important for differences among animals in ability to
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digest feed when under grazing conditions. The authors further suggest it may be advantageous
to use groups of animals with similar rumen volumes for microbiological studies and possibly
also for rate of passage studies. For 11 of their sheep of 62.-76 kg body weight, rumen volumes
were 2.5--7.6 1 (rumen physiological volumes). There was a pesitive correlation between ad
libitum intakes of material low in nitrogen and physiological rumen volume.

Purser, D. B., and R. J. Moir. 1966. Variations in rumen volume and associated effects as
factors influencing metabolism and protozoa concentrations in the rumen of sheep. J. Anim.

Sci. 25: 516-520. —— This study analyzes the effects of rumen environment variations among
animals on forage evaluation. Animals exhibiting below-average rumen pH had a greater con-
centration of microorganisms. Individual sheep differences in nitrogen utilization were the re-
sult of variations in quantitative conversion of the food protein to microbial protein and ammonia
and of variations in the quality of the microbial protein. These studies indicate that the utili-
zation differences among animals were related to microbial activity. Generally animals with
small rumen volume utilize added nitrogen more efficiently than animals with large rumen volume.
The 11 sheep used in this study had variations in concentration of bacteria prior to feeding of
7.7-12.7 % 10°/ml.

Quicke, G. V., 0. G. Bentley, H. W. Scott, and A. L. Moxon. 1959. Cellulose digestion in vitro
as a measure of the digestibility of forage cellulose in ruminants. J. Anim. Sci. 18: 275-287.
—~ In this study ruminal microbes were obtained from a steer maintained on good quality hay.
The three types of inoculum preparation compared were strained rumen juice, a phosphate buffer
extract of the rumen pulp, and centrifuged and resuspended ruminal microorganisms. Studies were
run with 0.2 g cellulose from different sources which had been ground through a 40-mesh screen.
Total sample volume was 50 ml, temperature was 39°C, CO, was passed through the solutions
continuonsly, 5 ml of resuspended rumen inoculum fluid was utilized, pH was adjusted at various
intervals to 6.9, and 30~72 fermentation periods were used for different experiments. Details are
given on the basal medium and the mineral mixture utilized in these studies. Eight different
grass and alfalfa hays were utilized. Preliminary study showed that 0.2 g cellulose per tube
gave highest digestibility in 48 hr. Utilizing the same technique and samples, but with inocula
obtained from an animal on the same diet but at different dates over a several-month period, the
variance in in vitro data was less than that found in sheep-trial data in most instances, and in

no instance was it greater. Comparison was made of inoculum obtained from animals on brome-
grass, alfalfa, and timothy hay. Generally the digestibility of cellulose in vitro of these forages
with the different inocula did not vary greatly. The same steer was used in producing all three
inocula. For a 30-hr fermentation there was a significant difference in the digestibility of alfalfa,
and the inoculum prepared when timothy was fed was significantly better than that obtained when
bromegrass was fed. Chemical composition of these hays was not given. Comparison of three
methods of preparing the inoculum showed that slightly higher results were given with resuspended
rumen microorganisms than for phosphate buffer extract, and both of these were higher than for
strained rumen juice alone, especially in the case of first-stage bromegrass and second-stage
orchard grass hays. In discussion of their work these authors suggested that it would be de-
sirable to get a comparison of inocula from sheep and cattle under similar conditions. Also they
indicated that at least one standard sample of known cellulose digestibility should be included
in each run. Furthermore, the standard sample should consist of a forage rather than a purified
cellulose, particularly if a simple medium and inoculum are to be used.

Raun, N. S., W. Burrough, and W. Woods. 1962. Dietary factors affecting volatile fatty acid
production in the rumen. J. Anim. Sci. 21: 838-843.

Reid, C. S. W. 1965. Quantitative studies of digestion in the reticulorumen. I. Total removal
and return of digesta for quantitative sampling in studies of digestion in the reticulo-rumen of
cattle. New Zealand Soc. Anim. Prod., Proc. 25: 65—84.
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174. Reid, R. L., G. A. Jung, and S. Murray. 1964, The measurement of nutritive quality in a blue-
grass pasture using in vivo and in vitro techniques. J. Anim. Sci. 23: 700-710. —— Two
fistulated yearling wether sheep were utilized. One was fed a standard diet of regrowth timothy
hay and the other a grass hay from various dates. The in vitro technique, that of Barnett and
Reid, utilized samples either freeze-dried and ground through a 40-mesh sieve or else dried
under a forced draft at 65°C and then ground through the 40-mesh sieve. The rumen fluid ob-
tained from one of the above two sheep was strained whole fluid. Each tube received 0.6 g
of forage dry matter which was fermented for 35 hr with 20 m1 of McDougall’s nutrient medium
plus 10 m! of the strained rumen fluid. Anaerobic conditions were maintained by slow and
continuous passage of CO, through the tubes. Dry matter and protein digestibility in vitro
were determined by filtering the fermentation mixture through a 140-mesh metal sieve and wash-
ing the residue thoroughly with water. There was a consistent and significant increase in the
in vitro digestibility of both dry matter and cellulose in the freeze-dried grasses as compared
to the oven-dried preparation. The results with the fresh grass tended to be more variable,
both between replicated samples and between trials. This was expected because of the poor
techniques for chopping or mincing the fresh material. The in vitro digestibility of cellulose
was consistently higher for the three grass preparations when the tubes were inoculated with
rumen fluid from hay-fed sheep than when they were inoculated with fluid from animals fed
fresh grass in the collection trials. Thus, in this instance, the cellulose digestibility was
higher with ruminal microbes adapted to a sheep on a diet different from the one which was
being evaluated. Although all regression relating in vifro to in vivo digestibility were com-
parable, the highest R? values were derived from the in vitro cellulose digestibility of freeze-
dried grass using either a grass or hay inoculum. By means of multiple regression analysis
the effects of (a) gtowth phase, (b) stage of maturity, (c) level of nitrogen fertilization, (d)
cutting management, (e) sample preparation, and (f) nature of rumen inoculum were evaluated on
the in vivo-in vitro relation. All of these factors had a significant effect on the in vivo-in
vitro digestibility ratios. This suggests that individual regression equations may be neces-
sary for individual species of forage and for specific in vitro situations. In later unpublished
work the author indicated that a stage of maturity factor added significantly to the accuracy
of the in vitro prediction equation.

175. Reis, P. J., ond R. L. Reid. 1959. In vitro studies on the effect of pH and of glucose on
ammonia accumulation in the rumen of sheep. Australian. J. Agr. Res. 10: 71--80.

176. Rice, R. W., R. L. Salsbury, J. A. Hoefer, and R. W. Luecke. 1962. Relation of certain end
products of rumen fermentation to forage feeding value. J. Anim. Sci. 21: 418-425. A com-
parison was made of the digestibility of an alfalfa bromegrass hay vs. an oat straw when the
inoculum was taken from steers on the alfalfa-bromegrass hay vs. steers on an oat straw plus
about 1 kg of a 36% protein supplement fed daily. The in vitro system was a semipermeable
membrane system described previously by Huhtanen et al. 1954. The fermentation was evalu-
ated at 2, 4, 8, 12, and 24 hr. After 24 hr there was no significant difference in the percent
cellulose digestion. Oat straw appeared to contain cellulose which was more resistant ini-
tially to attack than the alfalfa cellulose. Over 24 hr the oat straw inoculum was able to de-
grade a slightly greater proportion of cellulose than the alfalfa inoculum. There was a lag
in cellulose digestion in these experiments, especially on the oat straw inoculum. These
authors indicated that important differences exist in the types of microflora and the fermen-
tation products produced from animals fed different kinds of forage. Thus, in vitro compari-
sons of various forages were most likely to show significant differences when the inoculum
for in vitro fermentation is obtained from an animal which has been maintained on that par-
ticular forage. Their differences probably would have been much greater had not the oat
straw diet been supplemented.
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177. Rogers, H. H., and E. T. Whitmore. 1966. A modified method for the in vitro determination
of herbage digestibility in plant-breeding studies. J. Brit. Grassl. Soc. 21:150~152. - An
apparatus is described and illustrated for in vitro dry matter deteminations. A filter tube
equipped with a sintered filter is used both for fermentation by rumen microbes and for pepsin
digestion. The entire operation is carried out within a single vessel. This prevents transfer
errors and is highly useful for dry matter determinations, but is not used in organic matter
analyses. In their work two blanks and three samples of a standard grass of known di-
gestibility are included in each batch. The filter is a No. 3 sintered glass filter. About 0.7
g of Selite 945 also is used for each 0.5 g sample. To this is added an aliquot of 50 ml of
a rumen-buffer liquor (10:40) for the 48 h digestion. With this device 85 tubes may be filtered
in 1 hr by 2 people.

178. Rojas, §. W., G. M. Ward, ond R. G. Hinders. 1962. Effect of pelleting alfalfa on in vitro gas
production, cellulose digestion and volatile fatty acid production. Presented at the annunal
meeting of the Amer. Dairy Sci. Assoc.

179. Salsbury, R. L., J. A. Hoefer, and R. W. Luecke. 1961. Effect of heating starch on its diges-
tion by rumen microorganisms. J. Anim. Sci. 20: 569-572.

180. Salsbury, R. L., A. L. VanderKilk, Betty V. Baltzer, and R. W. Luecke. 1958. The rates of
digestion of the cellulose of some plant fractions by rumen microorganisms in vifro. J. Anim.
Sci. 17: 293-297. —— Ruminal fistulated steers maintained on either timothy hay or alfalfa
hay were the source of inocula. The rate of fermentation of Solka-Floc was not measurably
affected by change in diets. The in vifro system was a semi-permeable membrane into which
the inoculum-substrate suspension was added and which was suspended in a mineral solution.
Plant materials examined were Solka-Floc, cotton linters, dehydrated alfalfa meal, wheat straw,
and com cobs. The holocellulose and alpha-cellulose were extracted from these materials as
well as using the untreated plant materials. Hemicellulose was extracted from some of the ma-
terial additionally. Fermentations were 3~24 hr. Holocelluloses and alpha-celluloses prepared
from the roughages showed more rapid and complete cellulose digestion than did the original
plant materials.

181. Sepiro, M. L., S. Hoflund, R. Clark, and J. |. Quin. 1949. Studies on the alimentary tract of the
Merino sheep in South Africa. XVI. The fate of nitrate in ruminal ingesta as studied in vitro.
Onderstepoort J. Vet. Sci. Anim. Ind. 22: 357-372.

182. Schillinger, J. A. Jr., and F. C. Elliott. 1966. Bioassays for nutritive value of individual
alfalfa plants. Michigan Agr. Exp. Sta. Quart. Bull. 48:580-590. —-- Six- and 36-hour in
vitro rumen fermentations were carried out to determine dry matter and cellulose digestibility
of individual alfalfa plants. The standard error of the mean of triplicate samples using one
rumen fluid sample was 0.79 and 0.64 digestibility units for plants grown in the field and _
greenhouse respectively. Samples from one clone reduced the capacity of rumen inoculum to
degrade cellulose. This effect was probably caused by a bacteriostatic agent selective for
certain cellulytic bacteria. Available evidence suggests that cellulose enzymes are closely
associated with live bacteria only and are highly labile when free of the bacterial cell.

183. Siuv, R. G. H. 1951. Microbial decomposition of cellulose—with special reference to cotton
textiles. Reinhold Publishing Corporation, New York, New York. 531 pages. —— Of special
interest is the first chapter in which cellulose decomposition in nature is discussed. In that
chapter there are sections on the carbon cycle, decomposition of cellulose by microorganisms,
commercial uses of cellulolytic microorganisms, and economic aspects of microbial deteriora-
tion of cellulose. The remainder of the text is detailed discussion of cellulose in textiles,
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breakdown of cellulose in textiles, and methods of its prevention. Good references are given
to cellulose breakdown by organisms, primarily bacteria but also by insects. Insects such as
the rose beetle and woodboring beetles can degrade cellulose. In some cases the cellulolytic
action is due to microbiological symbionts in the insect gut, but in other cases the insects
themselves are capable of digesting cellulose. The latter is true also for certain snails.

184. Slyter, L. L., M. P. Bryant, and M. J. Wolin. 1966. Effect of pH on population and fermenta-
tion in a continuously cultured rumen ecosystem. Appl. Microbiol. 14:573~578. —— Main-
taining pH values below 6.0 caused a decrease in production of volatile fatty acids and
methane. Decrease in acetate and methane production was greater than that for propionate.
Cultures maintained at 6.7 contained types of bacteria nomally found in the rumen, but
cultures maintained at 5.0 had many bacteria which could not be identified as nomal rumen
bacteria. A carbonate-phosphate buffer and a phosphate buffer alone at the same pH gave
similar fermentation products.

185. Slyter, L. L., W. O. Nelson, and M. J. Wolin. 1964. Modifications of a device for main-
tenance of the rumen microbial population in continuous culture. Appl. Microbiol. 12:374-~
377. —~ The performance of this continuous culture device was judged on the maintenance
in the cultures of a relatively constant DNA content and protozoal concentrations which
reached a steady state of 2 x 103 per ml in 4 days. Steady states were held between 12 and
21 days for these criteria, as well as for fermentation pattems.

186. Smith, H. W. 1965. Observations on the flora of the alimentary tract of animals and factors
affecting its composition. J. Path. Bact. 89:95~122. —— Adult healthy animals fed on diets
considered normal for the species were utilized. The 15 homeothermic species were monkey,
dog, cat, horse, ox, sheep, pig, guinea pig, rat, gerbil, hamster, mouse, fowl, and duck. The
poikilothermic animals were cockroach, frog, tortoise, roach, and whiting. The animals were
sacrificed, the abdomen was opened quickly, and ligatures were applied to various parts
of the digestive tract. Contents of the tract were removed under sterile conditions, their
character and approximate volumes were noted, and their pH was measured. The numbers
of different kinds of bacteria and yeasts were estimated by making colony counts on plate
cultures incubated aerobically and anaerobically. Qualitatively, the organisms were similar
among homeotherms, but as a group they differed from those in the poikilotherms. In homeo-
therms the numbers of organisms increased progressively from duodenum to ileum and highest
numbers were found in the large intestine. Comparable differences in the flora of the diges-
tive tract were reproduced in rats fed on different diets. The anatomy and physiology of the
stomach and the feeding habits of the different species of animals also had a profound in-
fluence on detemmining the composition of the alimentary flora.

187. Smith, J. A. B., and F. Baker. 1944. The utilization of urea in the bovine rumen., 4. The
isolation of the synthesized material and the correlation between protein synthesis and mi-
crobial activities. Biochem. J. 38: 496~505. —- In studies made by incubating rumen liquor,
it was found that the non-protein nitrogen content of the mixture decreases while the total
nitrogen content remains constant. The decrease in non-protein nitrogen is accompanied by
the accumulation of a bulky sediment which gives an intense blue color with iodine. This
sediment consists almost entirely of bacteria. It contains a starch-like polysaccharide and
at least the main proportion of the synthesized protein. Protein synthesis was shown to occur
in the absence of protozoa, and the chief contributors were found to be the iodophile bacteria.
Various species were found, but it was assumed that the bulk of the synthesized polysaccharide
and protein is incorporated in the small rods, cocci, and vibrios of the microiodophile population.
The greater part of the synthesis occurs within the first two hours of incubation while microbio-
logical nomuality is maintained in the samples. In the rumen, bacteria readily convert significant
amounts of nonprotein nitrogen to protein and sugars to polysaccharide, thus synthesizing protein
which is of use to the ruminant.
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Smith, P. H., and R. £. Hungate. 1958. Isolation and characterization of Methanobacterium
ruminantium N. sp. J. Bacteriol. 75: 713-718.

Smith, P. H., H. C. Sweeney, J. R. Rooney, K. W. King, and W. E. C. Moore. 1956. Stratifica-
tions and kinetic changes in the ingesta of the bovine rumen. J. Dairy Sci. 39: 598-609. —— Ex-
periments were made with ruminal fistulated steers, and by rumenotomy, to sample ingesta from
the top and bottom of the rumen. Samples were analyzed for various constituents over a 12-hr
period that included two feedings, as well as for cellulose digestion in vitro. Cellulose digestion
was measured by the loss in weight of a 500-mg square of Patapar (Patterson Parchment Paper
Company, Bristol, Pennsylvania). The Patapar was placed in a tube nearly filled with strained
rumen juice. The contents were layered with mineral oil and incubated at 39°C for 24 hr. Con-
centrations of almost all factors measured, except ether extract, were significantly higher in
samples from the top of the rumen. The data also suggested there was a greater concentration

of microorganisms in the top ingesta. There was more rapid in vitro digestion of cellulose by
bottom samples of ingesta, apparently due to a higher initial pH and buffering capacity in the in-
oculum and to a lower concentration of competing substrates.

Smith, R. E., R. G. Hinders, and G. M. Ward. 1962. An in vitro artificial rumen technique, with
studies on the relative value of different ration constituents. Paper preseated at the annnal meet-
ing of the Amer. Dairy Sci. Assoc. —-- A manometric system was developed to measure gas pro-
duction by fermenting 0.5 g of substrate, 15 ml of phosphate buffer, and 25 ml of strained rumen
fluid, The mixture was added to fermentation flasks which were flushed with CO, to exhaust
air, stoppered, and connected to the manometers which are burettes connected to one-1 wells.

A partial vacuum allows the direct measurement of gas production. This system was utilized

in studying gaseous production by three different inocula with a variety of substrates varying
from barley to sagebrush. Standard hay samples were included in each run and their results

of net gas production (gross—blank) were corrected to a percentage of the net of the standard.
Fermentation was measured through 24 hr. Rate of gas production was greatest in 08 hr and
least in 1624 hr. For periods of 46 hr there was an increase in gas production with the
amount of rumen fluid in the system. The rate of gas production of a standard sample decreased
with time.

Stewart, D. G., R. G. Warner, and H. W. Seely. 1961. Continuous culture as a method for study-
ing rumen fermentation. Appl. Microbicl. 91 150-156. —~— A complex continuous flow system is
described and evaluated. A 5.5-1 culture was maintained in an 8-1 glass vessel at 39°C. The
device was covered to exclude most light, and was stirred by paddles at 33.3 tpm. The apparatus
was fitted with a rubber gasket to make it airtight except for the stirring shaft opening. A suction
flask with 0.5-inch i.d. glass tubing was used for sampling. The substrate was stored, stirred
magnetically, and refrigerated. A CO, pressure of 0.5 psi was maintained to minimize effect of
depth on substrate flow pressure. The periodic substrate flow into the culture vessel was con-
trolled by a solenoid valve. Culture flowed from the system through a solenoid-controlled outflow
tube near the bottom of the vessel. The operation of this solenoid was regulated by a float on top
of the culture to maintain a given level or volume in the system. Flow rates were about 9% of the
culture volume per hout. Conditions in this system were comparable to those in vivo.

Terry, R. A., and J. M. A. Tilley. 1964. The digestibility of the leaves and stems of perennial
rvegrass, cocksfoot, timothy, tall fescue, luceme and sainfoin, as measured by an in vitro pro-
cedure. J. Brit. Grassland Soc. 19: 363~372. —- Determinations wete made of in vitro digest-
ibilities of various plant parts of important forage grasses and legumes. All plant parts had a
higher digestibility at early stages of growth than later. With maturity the digestibility of the
stem fell off at a much faster rate than that of the leaf. Leaf sheaths of grasses declined in di-
gestibility at an intermediate rate, A comparison was made of in vitro dry matter digestibility and
that of pepsin digestion.
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Thomas, G. J. 1960. Metabolism of the soluble carbohydrates of grasses in the rumen of sheep.
J. Agr. Sci. 54: 360-372. ~— Rumen contents from grass-fed sheep were twice as active as those
from hay-fed sheep towards grass carbohydrates. This was found in studies using a semi-perme-
able membrane.

Tilley, J. M. A., and R. A. Terry. 1963. A two-stage technique for the in vitro digestion of for-
age crops. J. Brit. Grassland Soc. 18; 104-111. —- This widely used two-stage technique for
in vitro forage evaluation was evolved after a comparison of several published methods. After
preliminary studies it was found preferable to use glass tubes rather than dialysis sacks and to
rely on gas production during digestion to maintain anaerobic conditions rather than to gas the
samples continuously. The relatively large volume of buffer solution maintains adequate nutri-
ents and usually adds accessory factors, such as valeric acid and trace elements, which are re-
quired for bacterial growth. The system has the advantages of a simple apparatus: reproducibility
and many samples can be run. It is therefore useful for routine evaluation of forage samples,
Samples are ground to pass through a 0.8 mm screen, and 0.5 g are weighed into 80—90 ml glass
tubes. Inoculum is obtained from sheep maintained on a diet of hay. The liquor is strained
through two layers of muslin, CO_ is passed into the flask to displace air, and the inoculum is
kept at 39°C until required. Buffer solution is similar to that of McDougall with calcium chloride
added last. The solution is saturated with CO2 and kept at 38°C until required. Each tube con-
tains 40 m! of buffer solution, 10 ml of strained rumen liquor, and 0.4 g of forage sample. This
is gassed with COz, stirred, and sealed by a rubber cork with a Bunsen gas valve. The tubes are
incubated in the dark at 38°C and are shaken 3-4 times a day by hand. Usually pH remains
between 6.7 and 6.9, but, if necessary, adjustment is made with normal sodium bicarbonate. After
48 hr the microbial digestion is halted by adding 1 ml of 5% mercuric chlotide solution. Normal
sodium bicarbonate also is added to improve sedimentation. The tubes are centrifuged for 15
minutes at 1800 x g. After discharging the supematant, 50 ml of the freshly made pepsin solution
are added to the residue in each tube. The tubes then are incubated at 38°C for 48 hr with oc-
casional shaking, but anaerobic conditions are not maintained during this stage. At the end of
incubation, supernatants are discarded, and insoluble residues are washed with water in the cen-
trifuge. Residues are transferred with little water to a tared glass basin or a beaker, and these
are dried at 100°C to constant weight. The measure of digestion is the dry matter digestion in
the 0.5 g of herbage after correction for the blank (which represents undigested food particles
and microorganisms from the rumen liquor). In each trial two standard samples are selected, one
of high and one of low digestibility relative to the unknown materials being analyzed. These
data are used to correct the values for any given run. These workers note that some variation

in digestive efficiency between experiments is unavoidable and similar herbages should be com-
pared within the same experiment if possible. They find it advisable to leave the donor animal
on ad libitum intake and to use large volumes of rumen liquor, Separate experiments showed

that freeze-dried samples of fresh herbage had the same in vitro digestibility as samples heated
and dried at either 40 or 100°C. Drying at 100°C had a marked effect on the digestibility only

if continued for longer than 4 days. Size of grind, within usual ranges, had no influence on
digestibility. However ball milling the samples (very fine grinding) greatly increases in vitro
digestibility probably due to the destruction of cell walls. In vivo digestibilities are not con-
stant characteristics of herbages. They vary according to type of animal (cattle or sheep), age
and health of animals, level of feed intake, and manner in which the feed is prepared.

Tisserand, J. L., and §. Z. Zelter. 1965. An attempt to standardize the technique of meas-
uring the digestion of fodders in viiro (artificial rumen). Ann. Biol. Anim. Bioch. Biophys.
5:101—111. (in French). — A continuously and individually gassed system is fermented for
24-hr at 39°C. Sheep rumen fluid (20 ml) filtered through gauze is used with an artificial
saliva (20 ml). Up to 2-hr of exposure to air at room temperature does not decrease the cel-
lulolytic activity of the rumen fluid. For each 100 ml of fluid, 2.5 g of dry matter of sample are
used.
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Tomlin, D. C. 1960. Crystallinity of cellulose and digestibility of feedstuff cellulose in the
bovine rumen. Ph.D. Thesis. Univ. Florida. 86 p. —-— The purpose of this study was to deter-
mine whether the relative amount of crystalline order in cellulose of natural fibrous feedstuffs had
an effect on the rate of digestion of cellulose from these feeds in the rumen. Cellulose in citrus
pulp, Solka-Floc, and cotton linters was digested in inverse proportion to the crystalline indices
for these feeds. Cellulose digestion from hays and bagasse showed no apparent relation between
crystallinity and digestibility. Part of this effect was due to associated materials, and it was
concluded that the rate of digestion of a relatively pure cellulose by rumen micro-organisms is
inversely related to the relative crystallinity of the cellulose. The difficulty is in isolating cel-
lulose from natural feedstuffs in a way that permits estimation of its relative crystallinity.

Tomlin, D. C., R. R. Johnson, and B. A. Dehority. 1965. Relationship of lignification to in vitro
cellulose digestibility of grasses and legumes. J. Anim. Sci. 24: 161-165.

Troelsen, J. E., and Donna J. Hane!l. 1966. Ruminant digestion in vitro as affected by
inoculum donor, collection day, and fermentation time. Can. J. Anim. Sci. 46:149--156. ——
Nine sheep were compared on three different days as inoculum donors for a 2-stage in vitro
digestibility study. Various fermentation times and sources of cellulose and non-cellulosic
organic matter were studied. Variation among days was greater than variations among animals.
Still, these variations were smaller than those obtained in in vivo digestibility determinations
with sheep. Interactions of sheep and days resulted from variations in water consumption,
which caused dilution of the inoculum. A practice was adopted of not allowing the animals

to drink for 16 hours prior to the collection of rumen liquor. The fermentation curves for
straw and alfalfa were drawn from data taken at 3, 6, 12, 24, 48, and 96 hrs. Alfalfa reached
maximum digestion values at 48 hr, but wheat straw took 96 hr to reach a corresponding plateau.

Yan Dyne, G. M. 1962. Micro-methods for nutritive evaluation of range forages. J. Range Manage.
15: 303-314. —— Studies with both cattle and sheep under corral-feeding and range-grazing con-
ditions were conducted. Forage sources included hand-clipped range plants and forage samples
taken from esophageal-fistulated steers and wethers grazing the same range as the rumen-fistu-
lated animals. In vitro cellulose digestion values varied significantly at all time periods. From
2448 hr all samples of forage maintained their relative digestion values. Inocula prepared by
simply straining rumen contents through several layers of cheesecloth gave as high and as uniform
cellulose digestion values as did more elaborate procedures of processing the inocula. The diet
of the fistulated animal influenced the estimates of cellulose digestion. Cellulose digestion val-
ues of range forage and pure cellulose samples were considerably higher when the base diet was
alfalfa hay than when the base diet was oat hay. Estimates of cellulose digestibility were similar
for artificial rumen and nylon bag techniques. There were closer agreements between artificial
rumen duplicate tubes than between duplicate nylon bags.

VYan Dyne, G. M. 1963. An artificial rumen system for range nutrition studies. J. Range Manage.
16: 146-147. —— An artificial rumen system is described which has large capacity, simplicity,
and portability, The system accommodates 170 round-bottom Pyrex centrifuge tubes of 100 ml
capacity. Major components of the system, gas control, pH control, and details of the operating
sequence are explained. Approximately 10, 20, and 20 ml, respectively, of buffer, nutrient me-
dium, and rumen fluid are added to each tube. CO2 is bubbled through the tubes continuously dur-
ing the fermentation, and the pH remains near 6,9-7.0. The nutrient media and buffer are those
of Quicke ef al.,1959,to which 2.5 ml per tube of a 20 mg/m! solution of enzymatic casein hydrol-
ysate is added. Cellulose analyses are carried out within the fermentation tube,

Van Dyne, G. M., and J. H. Meyer. 1964. A method for measurement of forage intake of graz-
ing livestock using microdigestion techniques. J. Range Manage. 17:204-208. —— A new
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procedure for detemmining forage intake by grazing animals is described. This procedure in-
volves determination of the digestion value of range forage and standard forage samples using
micromethods with inocula from grazing animals. Then prediction of macrodigestion from
microdigestion of range forage is made by use of a regression equation. The microdigestion
of range forage is adjusted to microdigestion of a standard sample. The predicted macro-
digestion estimate, the composition of the range forage, and the composition and amount of
the feces are used to calculate forage intake. This procedure of estimating forage intake
eliminates the necessity of assuming indigestibility of naturally occurring indicators. This
new procedure also obviates harvesting range herbage for dry-lot digestion trials.

VYan Dyne, G. M., and W. C. Weir. 1964, Variations among cattle and sheep in digestive power
measured by microdigestion techniques. J. Anim, Sci. 23; 1116~-1123. —— Eighteen ruminal
fistulated steers and wethers provided inocula for individual microdigestion estimates in three
range-grazing trials and one drylot feeding trial. Artificial rumen and nylon bag cellulose diges-
tion and nylon bag dry matter digestion data were obtained, Between-class and within-class of
stock differences were analyzed. When averaged over all procedures, there were no significant
differences in digestive power between cattle and sheep. Differences among animals within a
species were less in drylot. Averaged over all techniques and samples, there were 12 highly sig-
nificant differences among 18 animals. There were more differences in digestive power among
steers than among sheep. Averaged over all techniques, samples, and periods about 5 cattle and
4 sheep would be required as inocula sources to estimate microdigestion with 10% of the mean
with 95% confidence. The numbers required varied from about 11 in early summer grazing to 6 in
late summer as compared to 3 on drylot. More sheep than cattle would be required in drylot, but
more cattle than sheep would be required on the range. More animals would be required for digest-
ing purified cellulose sources than for range forages, and more for range forages than for the al-
falfa standards.

Yan Dyne, G. M., and W. C. Weir. 1964. Microdigestion of grazed annual forage, clipped
herbage, and standard samples by cattle and sheep. J. Range Manage. 17:327-332. —- Six
grazed forages, an alfalfa sample, and Solka-floc were not ranked in the same order by three
microdigestion techniques. Solka-floc always had the highest digestibility, but forages varied
in rank. Cellulose digestibility, but not dry matter digestibility, was higher in cattle-grazed
than in sheep-grazed forages. Forages grazed by either cattle or sheep in mid-summer were
more digestible by all techniques than forages grazed in early or late summer. Over all tech-
niques, the correlation between microdigestion and macrodigestion estimates was about 0.72.
Adjusting microdigestion of range forages to that of a standard sample decreased the range
of estimates but did not improve the correlation. The correlations found were not as high as
many of those in the literature for farm roughages. Reasons are discussed for possible dif-
ferences.

Van Dyne, G. M., and W. C. Weir. 1966. Comparison of microdigestion techaniques under range
and drylot conditions. J. Agr. Sci. 67: 381-387. —— Digestion of cellulose and dry matter in
nylon bags suspended in the rumen and the digestibility of cellulose in the artificial rumen were
compared during three experimental periods on the range and one period on drylot. Nine each of
ruminal fistulated wethers and steers provided inocula for artificial rumen studies and carried
nylon bags. The same animals were used in all four experimental periods. Solka-floc and a
sample of alfalfa were used as standards in all trials. Forage samples were collected from esoph-
ageal-fistulated animals which grazed the same range as the rumen-fistulated animals. These
forage samples also were digested by in vitro and in vivo techniques. The in vivo digestion re-
sults appeared to reflect changes in the quality of the base diet more than did in vitro results.
Regression equations and correlations between microdigestion estimates by the different tech-
niques were significant if samples within a wide range of digestibilities were included in the



205,

206.

46

analysis. Within ranges of digestibilities of 10% or less, the equations were not useful for pre-
dictive purposes. Range forage samples taken from esophageal-fistulated cattle or sheep were
digested better when the base feed was pelleted alfalfa than when it was range forage. Digestion
of an alfalfa sample was less affected by the base diet. Solka-floc was digested better in vitro
when the inocula came from animals grazing on the range than from animals fed pelleted alfalfa,

Van Soest, P. J. 1965. Symposium on factors influencing the voluntary intake of herbage by
ruminants: voluntary intake in relation to chemical composition and digestibility. J. Anim. Sci.
24: 834-843. —— Although the paper is not primarily concerned with in vitro techniques there

is @ short section conceming them. When in vitro fermentation is used, alfalfas are characterized
by a high initial gas production followed by a leveling off, while grasses ferment at a slower rate
and do not level off to the same extent. One would expect with legumes, because of a large avail-
able fraction of highly digestible material, a rapid burst of fermentation initially followed by a
plateauing as the soluble cell contents are exhausted. With grasses a slower start is observed,
because of the smaller amount of the highly digestible cell contents, and the fermentation contin-
ues steadily as the lightly-lignified holocellulose continues to ferment at an appreciable rate.
One would expect that a short fermentation time would correlate more highly with intake. One
would also expect that the optimum fermentation times for prediction of voluntary intake and di-
gestibility would not be the same for different species of forage. While the cell wall constituents
of grasses may be greater than those of legumes, resulting in about equal dry-matter digestibility,
the voluntary intake is usually lower, especially in the more mature grasses that are highest in
quantity and lignification of cell wall constituents. In the case of legumes, the fibrous mass in-
gested is not large enough to inhibit intake, and legumes as a class are characterized by optimum
intakes.

Van Soest, P. J., and R. H. Wine. 1965. Development and use of chemical methods for determin-
ing the nutritive value of forages. Northeastem-24 Regional Research Project, Annual Report. ~--
In this work the second stage of the Tilley in vitro rumen fermentation method was modified by
replacing the acid-pepsin digestion with a neutral-detergent treatment of the fermentation mixture,
This was done because the feces of herbivora contained (1) endogenous excretions from the ani-
mal, (2) bacterial residues, and (3) undigested forage. With the Tilley method there can be no
endogenous residues. Therefore one might expect the Tilley method in vitro digestibility to be
higher than the digestibility in vivo. The modified Tilley method was compared with 20 hays
including 12 grasses and 8 legumes for which the in vivo dry matter digestibility varied from 45

to 80. True digestibility of these forages was estimated by taking apparent digestibility data

and correcting them for the fecal non-cell walls, which represent the combined bacterial and
endogenous losses from the animal. Results from the in vitro digestion, followed by a determi-
nation of undigested cell-wall material, yielded digestibilities greater than those obtained by the
Tilley procedure. The in vitro digestibility by cell walls yielded values nearly equal to those of
true digestibility in vivo. A closer linear relationship was obtained by this technique than by the
Tilley technique. These studies indicated that the difference between the two in vitro fermen-
tations are due to bacterial residues. The data also suggest differences between sheep and cattle
with regard to endogenous and bacterial losses in the feces. With comparison to the Tilley in
vitro procedure, the new procedure is shorter by two days and requires fewer manipulations.

Van Soest, P. J., R. H. Wine, and L. A. Moore. 1966. Estimation of the true digestibility of
forages by the in vitro digestion of cell walls. Int. Grassl. Congr., Proc. 10:438-441. ——

This is a modification of the Tilley and Terry method. The acid pepsin stage is replaced by
a cell-wall determination using the neutral detergent procedures. This system requires less

time and predicts digestibility motre accurately than the unmodified Tilley and Terry method.
Their work shows some indication that there are differences between sheep and cattlein re-

gard to endogenous and bacterial losses in the feces.



208.

209.

210.

211.

212.

47

Virtanen, A. . 1946. Fermentation of wood-dust by cellulose bacteria. Nature 158-795. ——
Birch, aspen, and pine dusts were digested by bacteria. The finer the wood was ground, the
more cellulose was fermented.

Waldern, D. E., W. K. Roberts, T. H. Blosser, and 1. A. Dyer. 1961. Effect of levulinic acid on
digestibility, fatty acid production and microbial activity in dairy heifers and wether. J. Anim.
Sci, 20: 429-432. —— In vitro digestion was evaluated manomettically with a 55-minute incu-
bation period. Gas production was significantly increased by adding alfalfa to the diet of ani-
mals on wheat straw. Adding levulinic acid to the diets of either group of animals significantly
decreased microbial activity. This suggests that levulinic acid might function as an antimetab-
olite for rumen microorganisms.

Walker, D. J. 1961. Isolation and characterization of a hemicellulose-fermenting bacterium from
the sheep tumen. Australian J. Agr. Res, 12: 171-~175.

Walker, D. J., and W. W. Forest. 1964. The application of calotimetry to the study of ruminal
fermentation in vitro. Australian J. Agr. Res. 15:299-315. — A calorimeter was designed
in which rumen fermentations could be undertaken and heat production measured continuously.
These studies were undertaken because there was no conclusive evidence that in vitro tech-
niques support the same fermmentation as occurs in vivo. Also, as done in many kinetic
studies, it was not possible to dissect the complex bioclogical system and study each com-
ponent individually. Such a method gives no real indication of how the system behaves as

a whole, especially in the case of a rumen fermentation where the extent of synergistic and
antagonistic effects are unknown. Heat production is a quantitative measure of the overall
rate of metabolism and may be obtained no matter how complex the system under considera-
tion. The authors recognized the difference of activity of microbes at different points in the
rumen and obtained samples from ten geometrically spaced points rather than a single sample.
Gas production was measured in the calorimeter by collecting fermentation gases in a closed
buret inverted over, and filled with, acidified water. A comparison was made of the solid
portion of the rumen contents with the liquid portion in its ability to ferment cellobiose. The
solid portion had a much greater ability to ferment cellobiose, and lactate accumulated as a
transitory intermediate during cellobiose fermentation. With whole contents, lactate break-
down is the rate-limiting step in cellobiose fermentation, whereas with the rumen fluid only
cellobiose breakdown itself is the limiting factor. Cellobiose is probably an intermediate in
cellulose breakdown. The rate of heat and gas production varied directly with the solid con-
tent of the sample. At 24 hr post-feeding the heat production by ruminal fermentation in the
sheep used was calculated to be between 480 and 1360 cal/hr. There was an additional large
amount of heat produced in the first fewhours after feeding.

Walker, D. M. 1959. The in vitro digestion of roughage dry matter. XV. Int. Dairy Congr.,
Proc. 1:190-195. —— In this in vitro study a complex mineral and buffer solution was utilized
with 20 ml of strained rumen juice, 1 g of ground roughage, and a 72-hr digestion period. This
system was continuously gassed with CO, and N, with the gas line passing from one tube to
the next in an inverted U to act as a condenser to prevent liquid being carried from one bottle
to another. Protozoal activity ceased after 36 hr but bacterial activity continued up to 72 hr,
after which no further digestion occurred. Comparisons were made with dry matter digestibi-
lity in vitro and in vivo. The in vitro data were slightly lower than the in vivo databut there
was relatively good agreement throughout. A standard hay was tested in a large number of
trials and showed a variation of 52-57%, due to variations in the rumen juice obtained from
the sheep. The rumen juice varied in its content of dry matter from one experiment to another.
The sheep was fed only hay at the beginning, but later the diet varied because it was found
digestibility in vitro was unaffected by variations in the diet of the sheep which provided the
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rumen inoculum. Yet their data show 5% variation in digestion of the standard sample from
period to period, perhaps related to dietary variations.

213. Waid, ). K., D. Richardson, and W. 5. Tsien. 1961. Volatile fatty acid concentrations and
productions in the gastrointestinal tract of fullfed beef heifers. J. Anim. Sci. 20:830—832.

214. Warner, A. C. 1. 1956. Criteria for establishing the validity of in vitro studies with rumen
micro-organisms in so-called artificial rumen systems. J. Gen. Microbiol. 14:733--748. ——
Warner’s system was composed of dialyzing against a standard mineral solution a fermenta-
tion enclosed in a cellophane sack. Both thedialyzing solution and the fermentation solution
had N, containing 5% CO2 slowly bubbled through them. pH was adjusted periodically in
both compartments using phosphate and carbonate buffers. When the substrate approximated
the composition of a normal diet, little adjustment of pH was required, but when single sub-
strates such as starch were used, considerable alterations of pH occurred. The whole ap-
paratus was held at 39°C. A complex dialyzing solution was utilized and approximated the
composition of the ruminal liquor. Warner’s criteria for a successful system include (1) the
maintenance of numbers and normal appearance of bacteria and protozoa, (2) the maintenance
of normal rates of digestion of various food components, and (3) the ability to predict quanti-
tative results in vivo. His system met the criteria suggested with reasonable success for
periods of about 8 hr. For microbial population to remain normal in numbers and activities it
was necessary to use as test substrate in vitro only substances similar to the diet fed to the
animal from which the mmen liquor inoculum was taken. Although cellulose digestion is the
most commonly used criterion of functioning of artificial rumen systems, there are some dis-
advantages to its use. The rate-limiting step occurred at a very early stage where the products
would still be measured as cellulose by most techniques in common use. In the rumen, sam-
ples may remain 24 hours or more. Secondly, it is practically essential to strain the rumen
liquor for use in vitro, and some diminution of the rate of digestion may be expected because
many of the cellulolytic microorganisms remain attached to the large plant particlesremoved in
straining. In one experiment a low nitrogen content of the diet affected in vitro results be-
cause it is presumed to have supported a less numerous, and hence less active, microbial
population than other diets. Thus, there is danger in relying on in vitro tests to predict be-
havior in vivo where the substrate tested is very different from the diet of the animal used
to supply the rumen liquor.

215. Warner, A. €. I. 1956. Proteolysis by mumen micro-organisms. J. Gen. Microbiol. 14:749-

762.
216. Warner, A. C. |. 1962a. Enumeration of rumen micro-organisms. J. Gen. Microbiol. 28:119-
128. -~ He found no major difference in microbial concentrations in different positions in

the rumen of sheep. This is in contrast to other studies with cattle in which there is a

positional variation. In microscopic examinations he found variations, however, in the location

of microbes in the sample. Sometimes there were dense concentrations around feed particles.

He furthermore postulated that when conditions in the rumen are such that different kinds of feed
particles begin to separate, it can be expected that both the microbial and the solute concentrations
will differ from place to place. The feed and rations used in his experiments did not cause layering
in the rumen. It is not yet possible to apportion a given reaction between different organisms present
that are capable of carrying out the reaction. In a microbial population where members differ greatly
in size and metabolic activity, a figure for total numbers alone is relatively meaningless. Only a
moderate variable error is incurred in making the assumption that the number of microorganisms is
indicative of the true total counts of the entire rumen contents.
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Warner, A. C. 1. 1962b, Some factors influencing the rumen microbial population. J. Gen. Microbiol.
28:129-146. —— In sheep fed once daily the concentrations of microorganisms in the rumen changed
with the time after feeding, and there were variations among organisms. Peak concentrations were
teached at different times for different organisms. One animal at different times, or different animals,
on the same ration had very different ruminal microbial populations; these differences were variable
among different microorganisms. Feeding different quantities of the same ration had little effect on
the concentration of ruminal microbes, provided the ration was above a minimal level. Starvation
for a few days or prolonged under-nutrition had a marked effect causing some organisms to be
drastically reduced in numbers or to die out completely. When the qualitative nature of the diet was
changed, about 10 days were needed to complete the major adjustments in the rumen microbial popu-
lation. There were some indications of specific animal effects. When rumen contents were inter-
changed between two sheep, there appeared to be a tendency for some organisms to reestablish

in concentrations characteristic of the host animal. No specific factor could be found in the saliva
or the mmen liquor which would cause these variations in species composition of the microflora.
The microbial protoplasm was estimated to occupy no more than 10% of the volume of strained rumen
liquor. Relatively large quantitative and qualitative changes occurred in microbial populations as
compared to changes in chemical activity. The major end products of fermentation are substantially
the same with different microbial populations. This is also true when comparing faunated and de-
faunated ruminants. The causes of differences in microbial populations remain obscure. The most
likely general explanation would seem to be that there are a large number of possible, more or less
stable, microbial populations for any one combination of ration, eating and drinking routine, and
perhaps animal. Relatively small causes can start a process of change from one such population

to another.

Warner, A. C. |. 1965. Factors influencing numbers and kinds of microorganisms in the rumen.
p.- 346—-359. In: Dougherty et al. Physiology of digestion in the ruminant. Butterworths, Washing-
ton. 480 pp. —— There are wide diurnal changes in microorganism concentrations. The patterns

vary with the specific organism and the diet. It is doubtful whether use of an average value for the
pattern has any advantages over the use of concentration under standard conditions, such as just
before feeding. Probably the metabolic activity of the microorganisms is greatest at the time of
peak concentration. It would be valuable to express numbers of bacteria as volume of microbial
protoplasm per ml of fluid. Microbial protoplasm is usually about 10% of the volume of rumen fluid.
Different animals given the same dietary and environmental treatment may have very different rumen
microbial populations both quantitatively and qualitatively. Even for the same animal kept under
constant conditions, there may be from time to time very different rumen microbial populations. The
amount of diet given to an animal has, within wide limits, little effect on the concentrations of the
microorganisms in its rumen. However, the volume of rumen contents, the rate of flow of saliva,
and probably the rate of flow of digestion from the rumen increase when the amount of feed is in-
creased. Thus, there would be an increase in output of both microorganisms and their fermentation
products despite relatively constant concentration. This suggests microorganisms multiply more
rapidly on higher feed levels. The feeding frequency has an influence; to make comparisons be-
tween grazing animals and penned animals it is necessary to take into consideration the behavior
patterns. Under most grazing conditions there is a 68 hr period before dawn when little or no
grazing takes place. A sample of rumen contents taken then would most closely correspond to a
before-feeding sample from pen-fed animals. In grazing studies penning the animals overnight
would insure the proper concentration in early moming. High concentrations of holotrich protozoa
are found in animals fed hay or forages rich in soluble sugars. Animals fed diets rich in starch
often have high concentrations of Entodenia in their rumens. Bacterial numbers vary widely, but
in general diets richer in readily fermented nutrients support greater total numbers of bacteria than
do other diets.
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Warner, A. C. |. 1966. Diumal changes in the concentrations of microorganisms in the rumens of
sheep fed limited diets once daily. J. Gen. Microbiol. 45:213--235. —— Changes in concentration
of different microbes were found to be characteristic of the group, and they were not much a func-
tion of time of day, diet, or host animal. The diumal changes of different types of micro—orgénisms
differed considerably. Some of their evidence suggests that animals which are more rapid eaters
tend to have large rumen volumes. An appendix to the article discusses the kinetics of rumen mi-
crobes and ingesta flow.

Warner, A. C. |. 1966. Diurnal changes in the concentrations of microorganisms in the rumens of
sheep fed to appetite in pens or at pasture. J. Gen. Microbiol. 45:243-251. —~ The pattern of
changes of concentration of various groups of microorganisms in sheep fed a ronghage diet were
similar to those for sheep grazing on mixed pasture. The author postulates that these pattemns
will be present wherever the daily cating behavior of the animal includes a major fairly continuous
feeding period.

Warner, A. C. |. 1966. Periodic changes in the concentrations of micro-organisms in the rumen of
a sheep fed a limited ration every three hours. J. Gen. Microbiol. 45:237—-241. —— A 3-hr rhythm
of concentration change was seen for most microorganisms. This concentration change surpassed
any diurnal thythm that might have been present.

Wegner, M. |., A. N. Booth, G. Bohstedt, and E. B. Hart. 1940. The ‘“in vitro’’ conversion of
inorganic nitrogen to protein by microorganisms from the cow’s rumen. J. Dairy Sci. 23:1123-1128.

Wilkins, R. J. 1966. The application of the in vitro digestion technique to some arid-zone fodders.
J. Brit. Grassl. Soc. 21:65-69. —— Samples evaluated were ground through a 1-mm screen. A
fistulated sheep fed lucerne chaff served as the host animal. This animal was fasted ovemight
prior to collection of the rumen ingesta, which was strained through muslin and used in an in vitro
system following the procedures of Tilley and Terry. The system contained 0.4 g substrate and 40
ml strained rumen juice and artificial saliva in a 1:4 mixture. It was maintained at 39°C and fer-
mented for 48 hr before it was centrifuged prior to pepsin digestion. Compared to this system was
the addition of a fortified medium containing 10 mg glucose, 9 mg urea, and 20 mg Difco yeast ex-
tract per fermentation flask. Samples investigated were grasses and shrubby plants. The correla-
tion of percent cellulose digestion to organic matter digestibility was nonsignificant for many
grasses. Organic matter digestibility was 30--70%, but cellulose digestibility was less than 30%.
Neither in vivo nor in vitro percent cellulose digestion is a good measure of the nutritive value of
these grass-shrub-forb complexes. Digestibility results obtained with a fortified medium were up to
10% higher than for non-fortified media.

Williams, V. J., ond K. R. Christian. 1956. Rumen studies in sheep. I. Variation in rumen micro-
bial end-products in free-grazing sheep. New Zealand J. Sci. Techn. 28:194-200. —— Variations
were found in the numbers of ruminal microorganisms and in the products of microbial fermentation
due to differences between sheep, between days, between times during the day, and between two
groups on different pastures. The most practical measure of the mean levels of rumen constituents
in a large group of sheep may be obtained by taking single samples from the largest possible number
of animals. Where the number of animals in a group is small, sampling once a day on several days
is preferable to sampling more than once a day on fewer days.

Wright, P. L., A. L. Pope, and P. H. Phillips. 1963. Effect of physical form of ration upon diges-
tion and volatile fatty acid production in vivo and in vitro. J. Anim. Sci. 22:586-591. —— Inocula
were obtained from lambs, which had been fed pellets, crushed pellets, finely ground, coarsely
ground, or baled hay, and from a cow maintained on baled hay. These six different inocula were
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used to evaluate digestion in vitro of cellulose from both pelleted and non-pelleted hay, each of
which was then ground twice through a 20-mesh screen. The in vitro technique was that of Baumgardt
et al. and involved a 24-hour digestion at 38°C. Inocula were obtained from the lambs via a flexible
tube placed into the rumen and attached to a vacuum pump. The inoculum was obtained from the

cow through a ruminal fistula. Strained rumen fluid was used within 30—45 minutes after collection.
Mean cellulose digestion in vitro averaged over the three substrates (pelleted hay, ground hay, and
alfalfa meal) varied only from 42—-45%. Thus, the inocula had no major effect on the cellulose di-
gestion, but here all the diets were of similar chemical composition. Digestion coefficients in vivo
for fiber for many of these constituents varied from 39-42%. These data show that various means

of processing the inocula had little effect on the cellulose digestion. The number or relative activity
of the microorganisms present in the inocula appeared to assert a greater effect in controlling the
total amount and relative concentration of the volatile fatty acids produced in vitro than the process-
ing to which the substrate had been subjected. There was more variation in volatile fatty acid
production, total and relative, than in cellulose digestion.
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BACTERIA /COF THE CVINE RUMEN V. EFFECT OF CHAN
BACTERIA /5. DEGRACATION AND UTILIZATION OF 150
BACTERIA ACTIVE IN THE RUMEN /ON MICROBIAL DIGES
BACTERTA AND ITS USE IN DETERMINING DIURNAL VAR/
BACTERIA ANC THE PROTOZOA OF THE RUMEN OF THE BQ
BACTERIA FROM IN VITRO RUMEN FERMENTATIONS 196
BACTERIA FROM THE RUMEN OF BLOATING CATTLE ON La
BACTERIA FROM THE RUMEN OF CATTLE

BACTERIA IN RUMEN /S CN MICROFLORA N THE ALIMEN
BACTERIA IN RUMEN CONTENT

BACTERIA IN THE RUMEN /UM FOR RUMINAL BACTERIA A
BACTERIA IN THE RUMEN OF COWS FED DIFFERENT RATI
BACTERIA IN THE RUMEN OF SHEEP /. EFFECT OF CHAN
BACTERIA IN THE RUMEN 1965. POSSIBLE FACTORS INF
BACTERIA OBTAINEC BY DIFFERENTIAL CENTRIFUGATION
BACTERIA OF THE OVINE RUMEN 1. THE COMPOSITION
BACTERIA OF THE CVINE RUMEN (1. THE FUNCTIONAL
BACTERIA OF THE OVINE RUMEN Iv. EFFECT OF CHANG
BACTERIA OF THE RUMEN IN FRENCH /LUENCE OF THE
BACTERIAL FLORA IN THE RUMEN OF COWS FED DIFFER/
BACTERICLOGY OF BCVINE RUMEN CONTENTS 19
RACTERICLOGY OF THE ARTIFICIAL RUMEN

BACTERTIUM FROM THE SHEEP RUMEN 1961. ISC
BACTERIUM, PRODUCING PROPIONIC ACID, FROM THE RU
BACTEROIDES-SUCCINCGENES IN THE VOLATILE ACID FR
BALANCE OF CIFFERENT SPECIES OF CELLULOLYTIC BAC
BEAT OF RUMEN IN JTTALIAN /0F SACCHARIDE, IN VIT
BEEF HEIFERS /COLATILE FATTY ACID CONCENTRATIONS
BENTONITE IN VITRO AND IN THE RATION OF STEERS
RTCASSAYS FCR NUTRIVIVE VALUE OF INDIVIDUAL ALFA
BICCHEMICAL AND MICROSCOPIC COMPARISON OF IN VIV
BLOAT /HE RETICULO-RUMEN, T[Ii. FLUCTUATIONS IN
BLCATING CATTLE CN LADINO CLOVER PASTURE 1962.
RLUEGRASS PASTURE USING IN VIVO AND IN VITRG TEC
BCTANICAL COMPOSETION, AND IN VITRO DIGESTIBILI/
BCVINE 1944, THE SIGNIFIC
BOVINE RUMEN 1954,
ACVINE RUMEN 1958. VO
BOVINE RUMEN 1960+ CRYSTALLINITY OF
BOVINE RUMEN Y1. THE CONVERSION OF UREA TO AMMO
BOVINE RUMEN IV. THE ISOLATION OF THE SYNTHESIZ
BOVINE RUMEN VI. THE EFFECT OF METALS ON THE AC
BCVINE RUMEN BACTERIA

BCVINE RUMEN CONTENTS 1952. TECHNIQUES E
BCVINE RUMEN 111. THE SYNTHESIS AND BREAKDOWN OF
BCVINE RUMEN MICRCORGANISMS 1959. AV
BCVINE RUMEN MICRCORGANISMS /ORT CHAIN FATTY ACI
BREAKDOWN OF PROTEIN IN RUMEN INGESTA /THE UTILI
RREEDING

BURN QN THE CHEMICAL COMPOSITION AND IN VITRO DR

C

CAECAL FMICROORGANISMS AS SYMBIQONTS

CAECUV ) WITH SPECIAL REFERENCE TO THE DECOMPOSI
CALCIUM TO PHOSPHCRUS RATIDS AND LFVELS UPCN IN
CALCRIMETRY TO TFE STUDY OF RUMINAL FERMENTATION
CARBOHYDRATES ANC LACTATE ON A DIET OF LUCERNE /
CARBOHYDRATES IN THE RUMEN OF THE SHEEP
CARBOHYDRATES IN UREA UTILIZATION, CELLULOSE OIG
CARBCHYDRATES OF GRASSES IN THE RUMEN OF SHEEP
CATABCLIC REACTICNS OF MIXED SUSPENSIONS OF BOVI
CATIONS AND CORN OIL ON CRUCE CELLULOSE DIGESTIBR
CATTLE 1960. A
CATTLE 1963. THE CELLULOLYT
CATTLE / AND RETURN OF DIGESTA FOR QUANTITATIVE
CATTLRE AND SHEEP 1964 . MICROCIGESTION OF GRAZE
CATTLE AND SHEEP IN DIGESTIVE POWER MEASURED BY
CATYLE ON LADINO CLOVER PASTURE 1962. I[SOLATION
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RUE DIGESTIBILITY OF FORAGES 8Y THE IN VITRO DIGESTICN OF
N MICROORGANISMS 1965.
A FROM THE RUMEN OF CATTLE 1963, THE
/. THE ACTION OF SACCHARIDE, IN VITRO AND [N VIVQ, ON THE
TATIONS 1963. ISOLATION AND CHARACTERIZATION DF SEVERAL
E FACTORS INFLUFNCING THE BALANCE OF DIFFERENT SPECTES OF
1958. VOLATILE FATTY ACID GROWTH FACTOR FOR

1954, HYDROLYTIC PRODUCTS OF CELLULOSE ANLC THE

AINED FATTY ACIDS 195u. THE
By CIFFERENTIAL CENTRIFUGATION 19600, STUDIES WITR THE
195%. THE ENZYMIC DECOMPOSITICN OF

1946, THE SYMBIOTIC UTILIZATICN OF

TILES 1951, MICROBTAL NECOMPOSITICN OF
WITH SPECIAL REFERENCE TO THE DECOMPOSITION OF STRUCTURAL
SE IN THE BOVINE RUMEN 1960. CRYSTALLINTTY QF
GES 1964. SIMPLIFIED TECHNIQUE FOR IN VITRO COMPARISCN OF
BIAL ACTIVITY OF RUMEN WITH APPLICATION TN UTILIZATICN OF
1954, HYDROLYTIC PRODUCTS OF

T OF SOME EGYPTIAN FORAGES, 1. THE IN VITRO DIGESTICON OF
1946, FERMENTAYION OF WOOD-DUST BY

FSy, WITH AND WITHOUT AUREOMYCIN, ON IN VITRO DIGESTICN OF
VALERIC ACID DURING THE DIGESTION OF GLUTOSE, STARCH AND
« & PURE CULTURE INOCULUM METHOD FOR EVALUATION OF FORAGE
/L RUMEN INVESTIGATIONS 1. VARIABILITY OF DRY MATTER AND
AND ALFALFA WHEN ESTIMATING NUTRITIVE VALUE FROM IN VITRO
1961, EFFECT OF VARIQUS CATIONS AND CORN OIL ON CRUDE
1965, RELATIONSHIP OF LIGNIFICATION TG IN VITRO

ED FORAGES TO THEIR 1/ 1962. THE RELATICNSHIP OF IN VITRO
1v. EFFECT OF CHANGE OF DIET ON THE PREDOMINANT TYPE OF
/962. EFFECT OF CHANGE OF DIET ON THE PRECDOMINANT TYPE OF
1956. FACTORS INFLUENCING IN VITRO RUMEN

1966, ESTIMATION OF FORAGE NUTRITIVE VALUE FRCM IN VITRC
N SOURCES FOR RUMEN MICROORGANISMS — URFA UTTLIZATION AND
UM PREPARATION OND THE EFFECTS OF VOLATILE FATTY ACICS ON
/ EFFECT OF PELLETING ALFALFA ON IN VITRD GAS PRODUCTION,
1964, THE EFFECT OF TYHIMET ON IN VITRO

1954, THE EFFECY OF CHLORTETRACYCLINE FEEDING ON IN VITRO
1950.PRELIMINARY OBSERVATIONS UPON FACTORS INFLUENCING
Q4. THE EFFECTS OF WATER EXTRACTS OF FORAGES ON IN VITRO
ECT OF PHOSPHORUS IN DIFFERENT CHEMICAL FORMS ON IN VITRO
ITS STIMULATION BY FISHERY BY PRODUCTS 1954, IN VITRO
/FECTS OF VARIATIONS IN VOLUME DF INOCULA ON THE IN VITRO
1961 .CELLULOSE, STARCH AND NITROGEN LEVELS FOR MAXIMUM

EN MICRDORGANISMS 1955. A METHOD FOR THE STUCY OF
GHAGES USING AN ARTIFICIAL RUMEN 1950 .
1958, MINERAL REQUIREMENT OF RUMEN MICROORGANISMS FOR
1960, A COMPARTISON OF

DIGESTIBILITY OF FORAGE CELLULOSE IN RUMINANTS 1959.
1955+ THE RDLE OF CARBOHYDRATES IN UREA UVILIZATION,

/ STAGE OF MATURITY AND LIGNIFICATION ON THE DIGESTICHN OF
TION IN VITRO AS A MEASURE OF THE OIGESTIBILITY OF FCORAGE
CRYSTALLINITY OF CELLULOSE AND DIGESTIBILITY OF FEEDSTUFF
ANTSMS 1961, EFFECT OF STARCH ON THE DIGESTICN OF
F SHEEP {9uB8. THE FERMENTATICN OF
ORGANTSMS IN VITRO 1958, THE RATES OF LIGESTION DF THE
Y BOVINE/ 1965. FORMATION OF SHORT CHAIN FATTY ACIDS FROM
/THE INFLUENCE OF CERTAIN PHYSTICAL PROPERTIES OF PURIFIED
/IN PHYSICAL PROPERTIES OF PURIFIED CELLULOSES AND FORAGE
TILIZATION OF ISQLATED HEMI-CELLULGSE BY PURE CULTURES QOF
LYTIC FRACTION OF RUMEN BACTERIA OBTAINED BY DIFFERENTIAL
TABCLIC INTERMENDIATES BY BOVINE/ 1965. FORMATION OF SHORT
1954 THE CELLULOLYTIC FACTOR ACTIVITY OF CERTAIN SHORT
ACTERIUM FROM THE SHEEP RUMEN 1761« 1SOLATION AND
Ne SP. 1958, TS0LATION AND
A FROM IN VITRO RUMEN FERMENTATIONS 19634 ISOLATION AND
/VALUATION OF FORAGES IN THE LABORATORY, V. COMPARISCN OF
ETHWEEN IN VITRO AND IN VIVO MEASURES OF DIGESTIBILITY AND
RELATIONSHIP WITH CUTTING TREATMENT, STAGE OF GROWTH AND
0OF HERBAGE BY RUMINANTS ~ VOLUNTARY INTAKE IN RELATICON YO
COF FORAGE AS AFFECTED BY SEASON IN NORTHERN GNTARIC 1766.
ESTIBILITY OF E1G/ 196h. THE EFFECT OF WINTER BURN OX THE
JUATION 2F PASTURE QUALITY WITH YOQUNG GRAZING SHEEP, Ila
/61, EFFECT OF FOUR MATURITY STAGES OF YIMOTHY HAY ON ITS
¥ RUMEN MICROORG/ 1963, EFFECT OF PHOSPHORUS TN DIFFERENT
ALUE OF FORAGES 1965. DEVELOPMENT AND USE OF
NUTRETE/ 196k, A COMPARISON OF IN VITRO FERMENTATION AND
DIGESTION BY RUMEN MICADORGANISMS 19S6. THE EFFECT OF
/o PREDICTION OF THE NUTRITIVE VALUE INDEX OF FORAGES FED
ACIDS 19h46. THE APPLICATION OF THE SILICA GEL PARTITION
1966. CULTURE OF THE RUMEN HOLOTRICH

L FLORA STUDTES IN THE SHEEP [IX. THE EFFLCT OF PH ON THE
AND SHEEP 196k, MICRODIGESTION OF GRAZED ANNUAL FUORAGE,
TING BACTERIA FROM THE RUMEN OF BLOATING CATTLE ON LAOING
1958, VOLATILE FATTY ACID GROWTH FACTOR FOR CELLULOLYTIC
JSTIBILITY OF THE LEAVES AND STEMS OF PERENNTAL RYEGRASS,
S ON FORAGE SUBSTRATES 1966
UMINANT DIGESTION IN VITRO AS AFFECTED RY INOCULUM DONOR,
EGMYCIN, ON IN VITRO DIGESTION OF CELLUZ 1957. EFFELTS OF
VITRO AND IN VIVD MEASURES OF DIGESTIBILITY AND CHEFICAL
THE ALTMENTARY IRACT OF ANIMALS ANG FACTORS AFFECTING ITS
SHIP WITH CUTTING TREATMENT, STAGE OF GROWTH AND CHEMICAL
£ BY RUMINANTS - VOLUNTARY INTAKE IN RELATION 70 CHEMICAL
AS AFFECTED BY SEASON TN NORTHERN ONTARIO 1966, CHEMICAL

CELL WALLS 1966, ESTIMATION OF THE T
CELLULASE FROM RUMINOCCOCUS ALBUS AND MIXED RUME
CELLULOLYTIC oaCTIVITY OF PURE STRAINS OF BACTERI
CELLULOLYTIC ACTIVITY OF THE MEART BEAT OF RUME/
CELLULOLYTIC BACTERIA FROM IN VITRO RUMEN FERMEN
CELLULOLYTIC BACTERYA IN THE RUMEN 1965, POSSIAL
CELLULCLYTIC COCCY OF BOVINE RUMEN

CELLULOLYTIC ENZIYMES

CELLULOLYTIC FACTCR ACTIVITY OF CERTAIN SHORT CH
CELLULOLYTIC FRACYION OF RUMEN BACTERIA OBTAINED
CELLULOSE

CELLULGSE

CELLULOSE ~ wWITH SPECIAL REFERENCE TO COTTON TEX
CELLULOSE ZIGESTICN IN THE RUMEN ( AND CAECUM )
CELLULOSE ARND DIGESTIBILITY OF FEEDSTUFF CELLULO
CELLULOSE AND CRY MATTER CIGESTIBILITIES OF FORA
CELLULOSE AND HEMICELLULOSES /VALUATION OF MICRO
CELLULGSE AND THE CRLLULOLYTIC ENZYMES

CELLULOSE AS A CRIVERION OF ENERGY CONTENT /NTEN
CELLULCSE BACTERIA

CELLULOSE BY RUMEN MICROORGANISMS /S OF FEEDSTUF
CELLULOSE BY RUMEN MICRODRGANISMS IN VITRO /5 OF
CELLULOSE DIGESTVIBILITY 19465
CELLULOSE DIGESTIBILITY AND PRODUCTION OF VOLAT/
CELLULOSE DIGESTIBILITY BY RUMEN MILROORGANISMS
CELLULCSE DIGESTIBILITY BY SHEEP

CELLULOSE DIGESTIRILITY OF GRASSES AND LEGUMES
CELLULCSE DIGESTIBILITY OF UNDRIED AND DRIED MIX
CELLULOSE DIGESTING BACTERIA fOF THE OVINE RUMEN
CELLULCSE DIGESTING BACTERIA IN THE RUMEN DF SH/
CELLULOSE DIGESTICN

CELLULOSE DIGESYION

CELLULOSE DIGESTIGON /ND PROTEIN MEALS AS NITRQGE
CELLULOSE DIGESTICN /PROCEDURE - IMPROVED INOCUL
CELLULOSE DIGESTION AND VOLATILE FATTY ACID PRO/
CELLULOSE TIGESTICN BY RUMEN MICROORGANTISHS
CELLWILOSE DIGESTICN BY RUMEN MICROORGANISMS
CELLULOSE DIGESTICN BY RUMEN MICROORGANISMS
CELLULOSE DIGESTION BY RUMEN MICROORGANISMS I
CELLULOSE DIGESTICN BY RUMEN MICROORGANISMS /EFF
CELLULOSE DIGESTICN BY RUMEN MICRGORGANISMS AND
CELLULOSE DIGESTIGN BY RUMEN MICRODRGANISNMS sup/
CELLULOSE DIGESTION BY RUMEN ORGANISMS IN VITRO
CELLULQSE DIGESTICN BY WASHED SUSPENSIONS OF RUM
CELLULOSE DIGESTICN IN GOOD AND POOR QUALIYY ROU
CELLULOSE DIGESTICN IN VITRO

CELLULOSE DIGESTION IN VITRO AND IN VIVO
CELLULOSE DIGESTION IN VITRO AS A MEASURE OF THE
CELLULQGSE DIGESTICMN, AND FATTY ACID FORMATION
CELLULGSE IN FCRAGE PLANTS BY RUMEN MICROCRGANT/
CELLULCSE IN RUMINANTS 1959, CELLULOSE DIGES
CELLULOSE IN THE BOVINE RUMEN 1960,
CELLULOSE IN VITRQ AND IN VIVO BY RUMEN MICROORG
CELLULDSE IN VITRC BY ORGANISMS FROM THE RUMEN O
CELLULOSE OF SOME PLANT FRACTIONS BY RUMEN MICRO
CELLULCSE, STARCH, ANC METABOLIC INTERMEDIATES 8
CELLULCSES AND FCRAGE CELLULOSES ON THEIR OIGES/
CELLULOSES ON THEIR DIGESTIBILITY BY RUMEN MICR/
CELLULOTIC RUMEN BACYERIA /5. DEGRADATION AND U
CENTRIFUGATION 1960. STUDIES WITH THE CELLULC
CHAIN FATTY ACIDS FROM CELLULOSE, STARCH, AND ME
CHAINED FATTY ACICS

CHARACTERIZATION OF A HEMICELLULOSE FERMENTING B
CHARACTERIZATION OF METHANOBACTER TUM RUMEINANTIUM
CHARACTERIZATION CF SEVERAL CELLULOLYTIC BACTERI
CHEMICAL ANALYSES, SOLUBILITY TESTS, AND IN VIT/
CHEMICAL COMPONENTS OF FORAGES /. CORRELATIONS B
CHEMICAL COMPOSITION /CIES AND VARIETIES AND 17§
CHEMICAL COMPOSITICN AND DIGESTIBILITY / INTAKE
CHEMICAL COMPOSITION AND IN VITRO DIGESTIBILITY
CHEMIC AL COMPOSITION AND IN VITRO DRY MATTER DIG
CHEMICAL COMPQSITICN, BOTANICAL COMPOSITION, AN/
CHEMICAL COMPQSITION, NUTRIENT DIGESTIBILITY AN/
CHEMICAL FORMS ON IN VITRO CELLULOSE DIGESTION B
CHEMICAL METHODS FOR DETERMINING THE NUTRITIVE V
CHEMITAL SOLUBILITY METHODS IN ESTIMATING FORAGE
CHLORTETRACYCLINE FEECING ON IN VITRO CELLULOSE
CHCPPED OR GROUNC USING AN IN YITRO RUMEN FERME/
CHROMATOGRAM 7O THE ESTIMATION OF VOLATILE FATTY
CILIATE DASYTRICHA RUMINATIUM SCHUBERG

CILIATE POPULATICN OF THE RUMEN IN VIVO / RUNMINA
CLIPPED HERBAGE, ANC STANDARD SAMPLES BY CATTLE
CLOVER PASTURE 19462. ISOLATION OF SAPONIN DIGES
CCCCY OF BOVINE RUMEN

COCKSFO0T, TIMOTHY, TALL FESCUE, LUCERNE AND SA/
COLLABORATIVE IN VITRO RUMEN FERMENTAYION STUDIE
COLLECTION DAY, AND FERMENTATION TIME 1966. R
COMBINATIONS OF FEECSTUFFS, WITH AND WITHOUT AUR
COMPLNENTS OF FORAGRS /. CORRELATIONS BETWEEN IN
LCOMPOSITION 19465, OBSERVATIONS ON THE FLORA OF
COMPOSIYION /CIES AND VARIETIES AND ITS RELATION
CCHPOSTTION ANMD CIGESTIBILITY / INTAKE OF HERBAG
CCHPOSITION AND N VYITRO DIGESTIBILITY OF FORAGE
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Y OF EIG/ 1964. THE EFFECT OF WINTER BURN ON THE CHEMICAL
1948, THE
TEFF HAY 1962. BACTERIA OF THE OVINE RUMEN 1. THE
/0UNG GRAZING SHEEP, Il1. CHEMICAL COMPOSITION, BOTANICAL
/ PASTURE QUALITY WITH YQUNG GRAZING SHEEP, 11. CHEMICAL
/T OF FOJUR MATURITY STAGES OF TIMOTHY HAY ON 175 CHEMICAL
TIVITY 1959. EFFECT OF MINOR CHANGES IN THE INGRECIENT
STINAL TRACT OF FULL-FED BEEF / 196). VOLATILE FATTY ACID
ED EFFECTS AS FACTORS INFLUENCING METABOLISM AND PROTOZOA
F A SHEEP FED A LIMITED RA/ 1966. PERIODIC CHANGES IN THE
OF SHEEP FED LIMITED DIETS / 1966. DIURNAL CHANGES [N THE
OF SHEEP FED TO APPETITE IN/ 1966, DIURNAL CHANGES [N THE
E, WITH STUDIES ON THE RELATIVE VALUE OF DIFFERENT RATION
19461, COMPARATIVE TN VITRO DIGESTIBILITY OF SOME MAJOR
1961+ COMPARATIVE IN VITRO DIGESTIBILITY OF SOME MAJOR
LTURAL INVESTIGATIONS OF THE BACTERIOLOGY OF BOVINE RUMEN
OF PH IN VITRO UPON THE MICROAIAL PROCESSES IN THE RUMEN
1966. EFFECT OF PH ON POPULATION AND FERMENTATION IN A
N OF AN IMPROVED ARTIFICIAL RUMEN DESIGNER FOR CONTINUOUS
ICRO-ORGANTSMS FROM THE COW S RUMEN 1940. THE IN VITRO
9u3. THE UTILIZATION OF UREA IN THE BOVINE RUMEN II. THE
Ep 1961, EFFECT OF VARIQUS CATIONS AND
ES OF DIGESTI/ 1962. ARTIFICIAL RUMEN INVESTIGATIONS II.
AL CECOMPOSITION OF CELLULOSE - WITH SPECTAL REFERENCE TO
UPON THE MICROBIAL PROCESSES IN THE RUMEN CONTENTS OF THE
INORGANIC NITROGEN TO PROTEIN BY MICRO-ORGANISMS FROM THE
S AND SOME PREDOMINANT GROUPS OF BACTERTA IN THE RUMEN OF
Y TRACT JDF LIVESTOCK Il. BACTERIAL FLORA IN THE RUMEN OF
RO STUDIES WITH JUMEN MICRO-DRGANISMS IN SO-CALLED/ 1956,
IAN FORAGES, 1. THE IN VITRO DIGESTION OF CELLULOSE AS A
1960. THE DRY MATTER DIGESTION IN VITRO OF FORAGE
TWO STAGE TECHNIQUE FOR THE IN VITRO DIGESTION OF FORAGE
AND IN VITRO MFASUREMENTS OF THE DIGESTIPILITY OF FOCDER
1961. EFFECT OF VARIOUS CATIONS AND CORN DIL ON
FEECSTUFF CELLULOSE 1IN THE BOVINE RUMEN 1960.
QVINE RUMEN CONTENTS 1952. TECHNICUES EMPLOYED IN
INTENANCE OF THE RUMEN MICROBIAL POPULATICN IN CONTINUOUS
ICN 1961. CONTIRUOUS
CELLULOSE DIGESTIBILITY 1965. A PURE
IN CETERMINING CIURNAL VA/ 1961, AN TMPROVED NONSELECTIVE
A IN THE ALIMENTARY TRACT OF LIVESTOCK [I. METHOD FOR THE
A RUMINATIUM SCHUBERG 19664
1960. SOME ASPECTS OF RUMINAL METABOLISM REVEALED BY PURE
Ci OF PH ON POPULATION AND FERMENTATION IN A CONTINUCUSLY
DATION AND UTILIZATION OF ISOLATED HEMI-CELLULOSE BY PURE
/ HERBAGE SPECIES AND VARIETIES AND ITS RFLATIONSHIP WITH

O~ORGANISMS IN THE RUMENS OF SHEEP FED LIMITED DIETS CNCE
TIBILITY, FATTY ACID PRODUCTION AND MICROO[AL ACTIVITY IN
1965, CULTURE QOF THE RUMEN HOLOTRICH CILIATE
ESTION IN VITRO AS AFFECTED BY INOCULUM DONOR, COLLECTION
NSIONS OF RUMEN BACTERIA 195N, THE
1959, THE ENZYMIC
NCE 70 COTTON TEXTILES 1951+ MICROBIAL
IN THE RUMEN { AND CTAECUM ) WITH SPECIAL REFERENCE TC THE
1964, EFFECTS OF ESSENTIAL OILS OF SAGEBRUSK ON

LULGSE BY PURE CULTURES OF CELLULOTIC RUMEN BACTE/ 1965.
/CES OF EFFICIENCY OF RUMEN FERMENTATION OF SHEEP GRAZING
OPERAT/ 19560, EVALUATION OF AN IMPROVED ARTIFICTAL RUMEN
PULATION IN CONTINUOUS CULTURE @64, MOTIFICATIONS OF A
S IN AN IN VITRO CONTINUOUS FLOW SYSTEM ON A PROTEIN-FREE
N STUDIFES 1966. INTERACTION BETWEEN INOCULUM DCNOR
NCTIONAL GROUPS FERMENTING CARROHYDRATES AND LACTATE CN A
HE OVINE RUMEN 1. THE COMPOSITION OF THE POPULATION CN A
RO CIGESTIBILITY OF SOME MAJOR CONSTITUENTS OF THE SUMMER
RO CIGESTIBILITY OFf SOME MAJOR CONSTITUFNTS OF THE SUNMMER
CTS OF RUMEN MICROORGANISMS 1965, EFFECT OF
/65. BACTERIA OF THE OVINE RUMEN 1V, EFFECT OF CHANGE OF
ING BACTERIA IN THE RUMEN OF S/ 1962, EFFFCT OF CHANGE OF
/9. STUOLES OF THE IN VITRO TECHNIQUES AND THE EFFECTS OF
ODUCTION IN THE RUMEN 1962.
ONS OF MICRD-ORGANISMS IN THE RUMENS OF SHEEP FED LINMITED
66. RUMEN VOLUME AS A FACTOR INVOLVED IN INDIVIDUAL SHEEP
H THE CELLULOLYTIC FRACTION OF RUMEN BACTERIA OBTAINED 8Y
JON IN THE RETICULD RUMEN 1. TOTAL REMOVAL AND RETURN OF
NIQUE FOR IN VITRO COMPARISON OF CELLULOSE AND DRY MATTER
1966. THE IN VITRO PREDICTION OF HFRBAGE
ULTURE INOCULUM METHOD FOR EVALUATION OF FORAGE CELLULOSE
VOLUNTARY INTAKE 1IN RELATION TO CHEMICAL COMPOSITION AND
DRTED AND DRIED MIXED FORAGES TO THEIR IN VIVQO DRY MATTER
/1. CORRELATJIONS BETWEEN IN VITRO AND IN VIVO MEASURES OF
VITRO RUMEN FERMENTATION TECHNIQUES FOR ESTIMATING FORAGE
AGES OF TTMOTHY HAY ON ITS CHEMICAL COMPOSITION, NUTRIENT
/VESTIGATIONS 1. VARIABILITY OF DRY MATTSR AND CELLULOSE
1965. DETERMINATION OF FORAGE HOLOCELLULOSE
A WHEN ESTIMATING NUTRITIVE VALUE FROM IN VITRO CELLULOSE
IES OF PURIFTIED CELLULOSFS AND FORAGE CFLLULOSES ON THEIR
EFFECT OF VARIOQUS CATIONS AND CTORN OIL ON CRUDE CELLULOSE
MOCIFIED METHOD FOR THE [N VITRO DETERMINATION OF HERBAGE
19463, APPLICATIONS OF THE TWC STAGE IN VITRO
BURN ON THE CHREMICAL COMPOSITION AND IN VITRO DRY MATTER
NE RUMEN 196N, CRYSTALLINITY CF CELLULGSE ANC
3. COMPARISON OF IN VIVO AND IN VITRO MFASUREMENTS OF THE

CCMPOSITIOGN AND IN VITRO DRY MATTER DIGESTIBILIT
COMPOSITION AND OUTPUT OF SHEEPS SALIVA
CCMPOSITICN OF THE POPULATION ON A DIEY OF POOR
CCMPCSITION, AND IN VITRO DIGESTIBILITY OF HERB/
CCHPOSITION, BOTANICAL COMPOSITION, AND IN VITR/
COMPOSITICN, NUTRIENT DIGESTIBILITY AND NUTRITI/
COMPCSITICONS OF THS RATION OM RUMEN MICROBIAL AC
CONCENTRATIONS ANC PROPORTIONS IN THE GASTROINTE
CCNCENTRATIONS IN THE RUMEN OF SHEEP /D ASSOCIAT
CCNCENTRATIONS OF MICRO-ORGANISMS IN THE RUMEN O
CONCENTRATIONS OF MICRO-DORGANISMS IN THE RUMENS
CCNCENTRATIONS OF MICRO-ORGANISMS IN THE RUMENS
CONSTITUENTS /IN VITRO ARTIFICTAL RUMEN TECHNIQU
CCNSTITUENTS OF THE SUMMER DIET OF RANGE SHEEP
CCNSTITUENTS OF THE SUMMER CIET OF RANGE SHEEP
CCNTENTS 1952. TECHNIQUES EMPLOYED IN CU
CCNTENTS OF THE COW 1959. ON THE EFFECT
CONTINUOUSLY CULTURED RUMEN ECOSYSTEM

CCNTROL DURING PROLCNGED OPERATION /0. EVALUATIO
CCNVERSICN OF INCRGANIC NITROGEN TO PROTEIN BY M
CCNVERSICN CF UREA TO AMMONIA !
CCRN CIL CN CRUCF CELLULOSE DIGESTIBILITY BY SHE
CORRELATICNS BETWEEN IN VITRO AND IN VIVO MEASUR
COTTCN TEXTILES : 1951. MICROS]Y
CCOwW 1959. ON THE EFFECT OF PH IN VITRO
CCW S RUMEN 1940, THE IN VITRO CONVERSION OF
COWS FED DIFFERENT RATIONS 1953, NUMBER
COwS FED DIFFERENT RATIONS /O0RA IN THE ALIMENTAR
CRITERIA FOR ESTABLISHING THE VALIDITY OF IN VIT
CRITERICN OF ENERGY CONTENT /NTENT OF SOME EGYPT
CRCPS

CRCPS 1963, A
CcRrRCPS 1963, COMPARISON GOF IN VIVO
CRUDE CELLULOSE CIGESTIBILITY BY SHEEP
CRYSTALLINITY OF CELLULOSE AND DIGESTIBILITY OF
CULTURAL INVESTIGATIONS OF THE BACTERIOLOGY OF B
CULTURE 964, MCDIFICATIONS OF A DEVICE FOR MA
CULTURE AS A METECO FOR STUCYING RUMEN FERMENTAT
CULTURE INOCULUM METHOD FOR CVALUATION OF FORAGE
CULTURE MEDIUM FCR RUMINAL BACTERIA AND ITS USE
CULTURE OF THE BACTERIA [N RUMEN /S ON MICROFLOR
CULTURE OF THE RUMFN HOLOTRICH CILIATE DASYTRICH
CULTURE STUCIES CF THE INDIGENOUS FLORA

CULTURED RUMEN ECQOSYSTEM 1966. EFFE
CULTURES OF CELLULOTIC RUMEN BACTERIA /5. DEGRA
CUTTING TREATMENT, STAGE OF GROWTH AND CHEMICAL/

D

CAILY /NAL CHANGES IN THE CONCENTRATIONS OF MICR
DAIRY HEIFERS ANC WETHER /EVULINIC ACID ON DIGES
DASYTRICHA RUMINATIUM SCHURERG

DAY, AND FERMENTATICN TIME 1966. RUMINANT DIG
OECARRCAYLATION CF SUCTINIC ACID RY WASHED SUSPE
DECCMPOSITICN CF CELLULQSE

OECCMPOSITION OF CCLLULQSE - wITH SPECTIAL REFERE
DECOMPOSITION OF STRUCTURAL CELLULOSE /IGESTION
OEER RUMEN MICROBIAL FUNCTION

DEGRADATICN ANC UTILIZATION OF ISOLATED HEMI-CEL
DESERT RANGE FORAGE AS INFLUENCED BY SUPPLEMENT/
DESIGNED FOR CONTINUOUS CONTROL DURING PROLONGED
DEVICE FOR MAINTENANCE OF THE RUMEN MICROSBIAL PO
DYET 1958. GROWTH OF RUMEN MICROORGANISM
DIET AND SUBSTRATE IN IN VITRO RUMINANT DIGESTIO
DIET CF LUCERNE { MECICACGO SATIVA ) HAY / THE FU
BIET CF PCCR TEFF HAY 1962. BACTERIA OF T
DIET CF RANGE SHEE? 1961, COMPARATIVE IN VIT
DIET OF RANGE SHEEP 1961. COMPARATIVE IN VIT
CIET ON THE ACTIVITY OF SEVERAL ENZYMES IN EXTRA
DIET ON THE PREDCMINANT TYPE OF CELLULOSE DIGES/
DTET ON THE PREDCMINANT TYPE OF CELLULOSE OIGEST
DIET UPGCN THE PRCCUCTION AND RECYCLING OF RUMEN/
DIETARY FACTORS AFFECTING VOLATILE FATTY ACID PR
DIETS CONCE DAILY /NAL CHANGES IN THE CONCENTRATI
DIFFERENCES 19
CIFFERENTIAL CENTRIFUGATION 196D, STUDIES WIT
DIGESTA FCR QUANTITATIVE SAMPL ING IN STUDIES OF/
ODIGESTIRILITIES CF FORAGES 196u. SIMPLIFIED TECH
DIGESTIBILITY

DIGESTIRILITY 1965. A PURE C
DIGESTIRILITY / INTAKE OF HERBAGE BY RUMINANTS -
DIGESTIRILITY /TRC CELLULOSE DIGESTIBILITY GF UN
DIGESTIBILITY ANLC CHEMICAL COMPONENTS OF FORAGE/
DIGESTIRILITY ANC INTAKE 1965. USE OF IN
OIGESTIBILITY ANC NUTRITIVE VALUE INDEX /RITY ST
DIGESTIRILITY ANC PROCUCTION OF VOULATILE FATTY /
CTICESTIBILITY RY IN WITRQO FERMENTATIONS
OIGESTIBILITY RY RUMEN MICROORGANISMS /ND ALFALF
DIGESTIRILITY BY RUMEN MICROCRGANISMS [N VITRQ /
CIGESTIBILITY BY SHEEP 1961,
DTGESTIRILITY IN PLANT-BREEDING STUDIES 1966. A
DIGESTIBRILITY METFND TO VARIETY TESTING
DIGESTIBILITY OF EIGHT GRASSES /EFFECT OF WINTER
CICESTIBILITY OF FEECSTUFF CELLULOSE IN THE BOVI
DIGESTIRILITY OF FOCCER CROPS 196
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NORTHERN ONTARTD $966, CHEMICAL COMPOSITION AND IN VITRO

1959, CELLULOSE DIGESTION IN VITRO AS A MEASURE OF THE

ON OF CELL WALLS 1966. ESTIMATION OF THF TRUF
1965, RELATIONSHIP OF LIGNIFICATION TO IN VITRO CELLULOSE
/HEMICAL COMPOSITION, BOTANICAL COMPOSITION, AND IN VITRO
ND 1TS RELATIONSHIP WITH CUTTING TRE/ 1966. THE IN VITRO
INVESTIGAT1/ 1966, THE ROQUTINE DETERMINATION OF IN VITRQ
SUMMER DIET OF RANGE SHEEP 196). COMPARATIVE [N VITRC
SUMMER DIET OF RANGE SHEEP 1961. COMPARATIVE 1IN VITRQO
TRIALS 1965. EFFECT OF SOURCE OF INOCULUM ON

AL RYEGRASS, COCKSFODT, TIMOTHY, TALL FESCUE, / 1964, THE
TC THEIR I/ 1962. THE RELATIONSHIP OF TN VITRO CELLULOSE

T PROGRESSIVE STAGES OF MATURITY 1963. THE IN VITRO
19664 USE OF THE IN VITRO

AL ACTIVITY IN DAIRY H/ 19614 EFFECT OF LEVULINIC ACID ON
JE CF THE IN VITRY FERMENTATION TECHNIQUE TO ESTIMATE THE
USING A SIMPLE IN VITRO TECHNIQ/ 31966. THE PREDICTION OF
AN ARTIFICIAL RUMEN TECHNIQUE TO THE ESTIMATION GF GROSS

CT OF CHANGE OF DIET ON THE PREDOMINANT TYPE OF CELLULOSE
TTLE ON LADINOD CLOVER PASTURE 1962, ISOLATION OF SAPONIN
CT OF CHANGE OF DIET ON THE PREDOMINANT TYPE OF CELLULOSE
1956, FACTORS INFLUENCING IN VITRO RUMEN CELLULDSE

1949. A NEW METHOO FOR THE STUDY IN VITRO OF RUMEN

1949, RUMINANT

IMATION OF FORAGE NUTRITIVE VALUE FRQM IN VITRO CELLULOSE
FOR RUMEN MICROORGAMISMS — UREA UTILIZATION AND CELLULQSE
TICN AND THE EFFECTS OF VOLATILE FATTY ACIOS ON CELLULOSE
F PELLETING ALFALFA ON IN VITRO GAS PRODUCTION, CELLULOSE
VIVO AND IN/ 1963, EFFECT OF PHYSICAL FORM OF RATION UPON
1964, THE EFFECT OF THIMET ON IN VITRO CELLULOSE

1961. EFFECT OF HEATING STARCH QN ITS

ELIMINARY OBSERVATIONS UPON FACTDRS INFLUENCING CELLULOSE
EFFECT OF CHLORTETRACYCLINE FEEDING ON IN VITRO CELLULOSE
FFECTS OF WATER EXTRACTS OF FORAGES ON IN VITRO CELLULOSE
SPHORUS IN DIFFERENT CHEMICAL FORMS ON IN VITRO CELLULOSE
ATION BY FISHERY BY PROOUCTS 1954, IN VITRO CELLULOSE
JARTATIONS IN VOLUME OF INOCULA ON THE IN VITRO CELLULGSE
LLULOSE, STARCH AND NITROGEN LEVELS FOR MAXIMUM CELLULOSE
GANISMS 1955. & METHOD FOR THE STUDY OF CELLULOSE
NG AN ARTIFICTIAL RUMEN 1950, CELLULQSE
S OF ANAEROBIC BACTERIA ACT/ 19463. SYMPNSTUM ON MICRORIAL
TION TECHNIQUES 1963, SYMPOSIUM ON MICROBIAL
L AND RETURN OF DIGESTA FO/ 1965. QUANTITATIVE STUDRIES OF
RETURN OF DIGESTA FOR QUANTITATIVE SAMPLING IN STUDIES OF
IONS IN THE NUMBERS OF RI3/ 1965. QUANTITATIVE STUDIES OF
AL REFERENCE TO THE DECOMPOSITION QOF STR/ 1987. MICRORBIAL
iouk.

MINERAL REQUIREMENT OF RUMEN MICROORGANISMS FOR CELLULDSE
1960. A COMPARISON OF CELLULOSE

LITY OF FORAGE CELLULOSE IN RUMINANTS 1959, CELLULOSE
y COLLECTION DAY, AND FERMENTATION TIME 1966, RUMINANT
1960. THE DRY MATTER

LCOHOL 1959. THE RATE AND MAGNITUCE OF
TION OF THE TRUE DIGESTIRILITY OF FORAGES BY THE IN VITRO
INERGY CONTENT OF SCME EGYPTIAN FORAGES, 1. THE IN VITRO
S OF FEEDSTUFFS, WITH AND WITHOUT AUREOMYCIN, ON IN VITRQ
/THE EFFECT OF STAGE OF MATURITY AND LIGNIFICATION ON THE
UMEN MICROORGANTSMS 1961, EFFECT OF STARCH ON THE
/AN AYTEMPT TO STANOARDIZE THE TECHNIQUFE OF MEASURING THE
1963. A TWO STAGE TECHNIQUE FOR THE IN VITRO

FTILIZATION AND / OR SYNTHESIS OF VALERTC ACID DURING THE
1959. THE IN VITRO
1958, THE RATES OF
1987, RUMEN

EN INOCULUM DONOR DIFT AND SUBSTRATE IN IN VITRO RUMINANTY
UE OF FORAGES 1962, USE OF AN IN VITRG ENZYME
1966. THE APPLICATION OF THE IN VITRO

RCE OF INOCULUM ON OIGESTIBILITY OF SUBSTRATE IN IN VITRO
1954, FIBER

THE ROLE OF CARBOHYDRATES IN UREA UTILIZATION, CELLULOSE

NT 1961.
IQUES 1964, VARIATIONS AMONG CATTLE AND SHEEP IN
STIMATING NUTRITIVE VALUE FROM IN VITRO CELLULOSE / 1962.
RGANISMS IN THE QUMENS OF SHEEP FED LIMITED DIETS / 1966.
RGANISMS IN THE RUMEMNS OF SHEEP FED TQ APPETITE IN/ 1966.
/E MEDIUM FOR RUMINAL BACTERIA AND ITS USF IN DETERMINING
GESTION STUDIES 1966 INTERACTION BETWEEN INOCULUM
1966. RUMINANT DIGESTION IN VITRQ AS AFFECTED BY INOCULUM
/NSHIP OF IN VITRO CELLULOSE DIGESTIBILITY OF UNDRIEL AND
1961, ACTIVITLES OF

1959. THE IN VITRO DIGESTION OF ROUGHAGE

19462. ARTIFICIAL RUMEN INVESTIGATIONS 1. VARIABILITY OF

LIFIED TECHNIQUE FOR IN VITRQ COMPARISON OF CELLULOSE AND
ILITY OF UNDRIEC AND ORIED MIXED FORAGES T0 THEIR IN VIVO
T OF WINTER BURN ON THE CHEMICAL COMPOSITION AND IN VITRO
1960D. THE

ON IN THE ARTIFICIAL RUMEN AS INDICES OF FORAGE Qu/ 1958.
« COMPARISON OF MICRODIGESTION TECHNIQUES UNDER RANGE AND

NS BY RUMEN MICROGRGANISMS IN VITRO

DIGESTIBILITY OF FORACE &S AFFECTED BY SEASON IN
OIGESTIBILITY OF FORAGE CELLULOSE IN RUMINANTS
DIGESTIRILITY OF FCRAGES @Y THE IN VITRO DIGESTI
DIGESTIBILITY OF GRASSES AND LEGUMES
DICESTIBILITY CF HERBAGE SELECTED 8Y ESOPHAGEAL/
DIGESTIRILITY OF HERBAGE SPECIES AND VARIETIES A
OIGESTIRILITY OF CRGANIC MATTER IN FORAGES - AN
DIGESTIBILITY OF SCME MAJOR CODNSTITUENTS OF THE
DIGESTIBILITY OF SOME MAJOR CONSTITUENTS OF THE
DIGESTIBILITY OF SURSTRATE IN IN VITRO OIGESTION
DIGESTIRILITY OF THE LEAVES AND STEMS OF PERENNI
OTGESTIRILITY OF UNDRIED AND DRIED MIXED FORAGES
DEGESTIBILITY OF WHOLE GRASSES AND THEIR PARYS A
OIGESTIRILITY TEST IN PLANT BREEDING
DIGESTIRILITY, FATYY ACIC #RODUCTION AND MICROBI
DIGESTIBLE ENERGY CONTENT OF SOME EGYPTIAN FORA/
DIGESTIBLE ENERGY IN POTENYIAL (NV!) OF FDRAGES
DIGESTIBLE ENERGY OF FORAGES / THE ADAPTATION OF
DIGESTING BACTERIA /OF THE OVINE RUMEN 1IV. EFFE
DIGESTING BACTERIA FROM THE RUMEN OF BLOATING CA
DIGESTING RACTERIA IN THE RUMEN OF SHEEP /. EFfE
OIGESTICN

DIGESTICN

CIGESTION

DIGESTION 1966. EST
DIGESTION /ND PROTEI{N MEALS AS NITRQGEN SOURCES
OICGESTICN /PROCECURE - IMPROVED INOCULUM PREPARA
DIGESTIGON ARD VOLATILE FATTY ACID PROODUCTION /7 O
DIGESYION AND VOLATILE FATTY ACID PRODUCTION IN
DIGESTION BY RUMEN MICROCRGANISMS

DIGESTICN BY RUMEN MICROORGANT SMS

DIGESTICN BY RUMEN MICROORGANISMS 1950, PR
DIGESTION BY RUMEN MICROORGANTISMS 1956, THE
DIGESTICN BY RUMEN MICRQORGANISMS 1964%. THE E

CIGESTICN BY RUMEN MICROORGANISMS /EFFECT OF PHO
DIGESTION B8Y RUMEN MICROORGANISMS AND ITS STIMUL
DIGESTION 8Y RUMEN MICROORGANISMS SUPPORTED BY /
DIGESTION BY RUMEN ORGANISMS IN VITRO 1961 .CE
DIGESTION BY WASHED SUSPENSIONS OF RUMEN MICROOR
DIGESTION IN GOOC AND POOR QUALITY ROUGHAGES USI
OIGESTION IN RUMINANTS -~ JDENTIFICATION OF GROUP
DIGESTICON IN RUMINANTS - IN VITRO RUMEN FERMENTA
DIGESYION IN THE RETICULC RUMEN J. TOTAL REMOVA
DIGESTION IN THE RETICULO RUMEN OF CATTLE / AND
DIGESTION IN THE RETICULO-RUMEN, 111. FLUCTUATY
DIGESTION IN THE RUMEN { AND CAECUM ) WITH SPECI
DIGESTICN IN THE RUMINANT
DIGESTION IN VITRO

DIGESYION IN VITRG AND IN VIVO
DIGESTION IN VITRC AS A MEASURE OF THE DIGESTIBI
DIGESYICON IN VITRC AS AFFECTED BY INOCULUM DONOR
DIGESTICN IN VITRC OF FORAGE CROPS

DIGESTION OF A RCUGHAGE AS INFLUENCED BY ETHYL A
DIGESTION OF CELL wWALLS 1966. ESTIMA
DIGESTION OF CELLULOSE AS A CRITERION OF ENERGY/
DIGESTION CF CELLULOSE BY RUMEN MICROORGANISMS /
DIGESTION OF CELLULOSE IN FORAGE PLANTS BY RUME/
DIGESTYICN OF CELLULOSE IN VITRC AND IN VIVO 8Y R
DICESTICN OF FQLCCERS IN VITRO (ARTIFICIAL RUMEN/
DIGESTION OF FORAGE CROPS

DIGESTION OF GLUCCSE, STARCH AND CELLULOSE BY R/
DIGESTICN OF ROUGHAGE DRY MATTER

DIGESTICN GF THE CELLULOSE OF SOME PLANT FRACTIO
DIGESTICN STUDTES

DIGESTION STUDIES 1966. INTERACTION BETHWE
DIGESTION TECHNICUE TO PREDICT THE NUTRITIVE VAL
DIGESTICN TECHNIQUE TQ SOME ARID-ZONE FODDERS
DIGESTICN TRIALS 1965. EFFECT OF S0U
CIGESTICN USING THE MINATURE ARTIFICTIAL RUMEN
DIGESTION, AND FATTY ACID FORMATION 1956.
DIGESTIVE PHYSIOLCGY ANC NUTRITION OF THE RUMINA
DIGESYIVE POWER MEASURED BY MICRODIGESTION TECHN
DISCREPANCIES BETWEEN GRASSES AND ALFALFA WHEN E
OIURNAL CHANGES IN THE CONCENTRATIONS OF MICRO-O
OIURNAL CHANGES IN THE LONCENTRATIONS OF MICRO-Q
DIURNAL VARIATION iN NUMBERS OF BACTERIA IN THE/
OCNOR DIET AND SUBSTRATE IN IN VITRO RUMINANT DI
DCNOR, COLLECTION DAY, AND FERMENTATION TIME
DRIED MIXED FORAGES TO THEIR IN VIVO DRY MATYER/
DRIED RUMEN MICROGRGANISMS IN VITRO

DRY MATTER

DRY MATTER AND CELLULOSE DIGESTIBILITY AND PRODU
DRY MATTER DIGESTISILITIES OF FORAGES 194k, SIMp
DRY MATTER DIGESYIRILITY /TRD CELLULOSE DIGESTIB
DRY MATTER DIGESTIBILITY OF EIGHT GRASSES /EFFEC
DRY MATTER DIGESTION IN VITRO OF FORAGE CROPS
ORY MATTER LOSS AND VOLATILE FATTY ACID PRODUCTI
DRYLOT CONDITIONS 1966

1958,
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1960, SYMPOSIUM - SELECTED TOPICS IN MICROBIAL

SIUM — SELECTED TOPICS IN MICROBIAL ECOLOGY 1. MICROBIAL
ULATION AND FERMENTATION IN A CONTINUOUSLY CULTURED RUMEN
/HNIQUE TO ESTIMATE THE DIGESTIBLE ENERGY CONTENT OF SOME
ONS IN FORAGES AND ON THE IN VITRO FERMENTATION PROCEDURE
RIOLOGY OF BOVINE RUMEN CONTENTS 1952. TECHNIQUES
DING VALUE 1962. RELATION OF CERTAIN
RUMEN STUDIES IN SHEEP. 1. VARIATION IN RUMEN MICROBIAL
I. THE IN VITRO DIGESTION OF CELLULOSE AS A CRITERICN OF
/ VITRO FERMENTATION TECHNIQUE TO ESTIMATE THE DIGESTIBLE
PLE IN VITRD TECHNIQ/ 1966. THE PREDICTION OF DIGESTIBLE
1AL RUMEN TECHNIQUE YO THE ESTIMATION OF GROSS DIGESTIBLE
/ 1951, THE INFLUENCE OF DIFFERENT AMOUNTS AND SOURCES OF
1962.

IVE VALUE OF FORAGES 1962. USE OF AN IN VITRO
S%. HYDROLYTIC PRODUCTS OF CELLULOSE AND THE CELLULOLYYIC
1965, EFFECT OF DIET ON THE ACTIVITY OF SEVERAL

1959, THE

SITION, AND IN VITRO DIGESTIRILIYY OF HERBAGE SELECTED BY
USE OF TOTAL GAS PRODUCTION FROM THE ARTIFICIAL RUMEN TO
1966. A COMPARISON OF DIFFERENT METHODS WHICH

/ 1963. THE USE OF THE IN VITRO FERMENTATION TECHNIGQUE TO
1959, USE OF THE ARTIFICIAL RUMEN TECHNIQUE TO

IFIED ARTIFICIAL RUMEN PROCEDURE FOR ORTAINING REPEATABLE
1965, USE OF IN VITRO RUMEN FERMENTATION TECHNIQUES FOR
IN VITRD FERMENTATION AND CHEMICAL SOLUBILITY METHOCS 1IN
SE / 1962, DISCREPANCIES BETWEEN GRASSES AND ALFALFA WHEN
1964, THE ARTIFICIAL-RUMEN TECHMIQUE OF

RO CELLULOSE DIGESTION 1966.
/. THE ADAPTATION OF AN ARTIFICIAL RUMEN TECHNIQUE TC THE
BY YHE [N VITRD DIGESTION OF CELL WALLS 1966.
PLICATION OF THE SILICA GEL PARTITION CHRGMATOGRAM TC THE
AND MAGNITUDE OF DIGESTION OF A ROUGHAGE AS INFLUENCEL BY
1960. A COMPARTISON OF THE RUMEN FERMENTATICN IN
RO-ORGANISMS IN THE RUNEN OF A SHEEP FED A LIMITED RATION
GROWTH OF B/ 1941. IN VITRO STUDY OF THFE INFLUENCE OF THE
/ITRO STUDY OF THE INFLUENCE OF THE EXTRACTION OF AQUATIC
ION RY RUMEN MICROORGANISMS t96h, THE FFFECTS OF WATER
965. EFFECT OF DIET ON THE ACTIVITY OF SEVERAL ENZYMES IN

/YARY TRACT OF THE MERINO SHEEP IN SOUTH AFRICA XVI. THE
GASTROINTESTINAL TRACT OF FULL-FED BEEF / 1961. VOLATILE
RBOHYDRATES IN UREA UTILTZATION, CELLULOSE DIGESYICN, AND
OF EOVINE RUMEN 1958. VOLATILE
IN VITRO GAS PRODUCTION, CELLULOSE DIGESTION AND VOLATILE
DATRY H/ 1961. EFFECT OF LEVULINIC ACID ON DIGESTIBILITY,
INCICES OF FORAGE QU 1958. DRY MATTER LOSS AND VOLATILE
1962. DIETARY FACTORS AFFECTING VOLATILE

CT OF PHYSICAL FORM OF RATION UPON DIGESTION AND VOLATILE
THE CELLULOLYTIC FACTOR ACTIVITY OF CERTAIN SHORT CHAINED
GEL PARTITION CHROMATOGRAM TO THE ESTIMATION OF VOLATILE
ER AND CELLULOSF DIGESTIPILITY AND PRODUCTIGON OF VOLATILE
DIET UPON THE PRODUCTION AND RECYCLING OF RUMEN VOLATILE
C INTERMEDIATES BY BOVINE/ 1965. FORMATION OF SHORT CHAIN
IFICIAL RUMEN 1957, STUDTES ON THE PROODUCTION OF VOLATILE
1965. THE RATES OF PRODUCTION OF VOLATILE

IMPROVED INOCULYM PREPARATION AND THE EFFECTS OF VOULATILE
CONCENTRATIONS OF MICRO-ORGANISMS IN THE RUMEN OF A SHEEP
1962, PREDICTINN OF THE NUTRITIVE VALUE TNDEX OF FCRAGES
SOME PREDOMINANT GROUPS OF BACTERIA IN THE RUMEN OF COWS
CT OF LIVESTOCK T7. BACTERIAL FLORA IN THE RUMEN OF COWS
CONCENTRATIONS OF MICRO-ORGANISMS IN THE RUMENS OF SHEEP
CONCENTRATIONS OF MICRO-ORGANISMS IN THE RUMENS OF SHEEP
FOR MEASURING PHOSPHORUS AVAILABILITY OF FEEC SUPPLEMENTS
RATORY TECHNIQUF FOR MEASURING PHOSPHORUS AVAILABILITY OF
MICROORGANTSMS 1956. THE EFFECT OF CHLORTETRACYCLINE
N OF CERTAIN ENI} PRODUCTS OF RUMEN FERMFNTATION TO FCRAGE
1960, CRYSTALLINITY QF CELLULOSE AND DIGRESTIBILITY OF
ITRO DIGESTION OF CELLU/ 1957. EFFECTS OF COMBINATICONS OF
1961, CONTINUCUS CULTURE AS A METHOD FOR STUDYING RUMEN
1960. EFFFCT OF SEVERAL VARIABLES ON IN VITRO RUMEN

ISON OF CTHEMICAL ANALYSES, SOLUBILITY TESTS, AND IN VITRQ
ESTIMATING FORAGE NUTRITI/ 1964. A COMPARTSON OF IN VITRO
- ACAPTATION OF AN IN VITRO SYSTEM TO THE STUDY OF STARCH
THE NUTRITIVE VALUE INDEX OF A FORAGE FROM IN VITRO RUMEN
OSYSTEM 1966, EFFECT OF PH ON POPULATION AND
1959, MICORBIAL

1960. A COMPARISON OF THE RUMEN

4. THE APPLICATION OF CALORIMETRY TO THE STUDY OF RUMINAL
OF FORAGES FED CHOPPED OR GROUND USING AN IN VITRO RUMEN
1964, COMPARISON OF IN VITRO RUMEN

E SHEEP 1945-19u5, THE
FROM THE RUMEN NF SHEEP 1947, THE
£ AS INFLUENCED BY / 1965. INDICES OF EFFICIENCY OF RUMEN
1946,

IFFERENT PROITEIN FRACTIONS IN FORAGES AND ON THE [N VITRO
1966. COLLARORATIVE IN VITRO RUMEN

58

E

ECCLOGY 1. MICROBIAL ECOLOGY OF THE RUMEN
ECCLOGY OF THE RUMEN 1960. SYMPO
ECOSYSTEM 1966. EFFECT OF PH ON POP
EGYPTIAN FORAGES, 1. THE IN VITRO DIGESTION OF/
EVPLOYED /NATION OF THE DIFFERENT PROTEIN FRACTI
EMPLOYED IN CULTURAL INVESTIGATIONS OF THE BACTE
END PRODUCTS OF RUMEN FERMENTATION TO FORAGE FEE
END-PRODUCTS IN FREE~GRAZING SHEEP 1956.
ENERGY CCNTENT /NTENT OF SOME EGYPTIAN FORAGES,
ENERGY CCNTENT OF SOME EGYPTIAN FORAGES, 1. TH/
ENERGY IN POTENTIAL {NVI) OF FORAGES USING A SIM
ENERGY OF FORAGES / THE ADAPTATION OF AN ARTIFIC
ENERGY UPON IN VITRC UREA UTILIZATION BY RUMEN M
ENUMERATION OF RUMEN MICRO-QRGANISMS

ENZYME CIGESTION TECHNIQUE TO PREDICT THE NUTRIT
ENZYMES i9
ENZYMES IN EXTRACTS OF RUMEN MICROORGANISMS
ENZYMIC DECCMPOSITION OF CELLULOSE
ESOCPHAGEAL~-FISTULATEC SHEEP /OQON, B8OTANICAL COMPC
ESTIMATE ALFALFA KAY QUALITY /BSERVATICONS ON THE
ESTIMATE NUTRITIVE VALUE OF FORAGES

ESTIMATE THE GIGESTIBLE ENERGY CONTENT OF SOME E
ESTIMATE THE NUTRITIVE VALUE OF FORAGES
ESTIMATES OF FORAGE NUTRITIVE VALUE / II. SIMPL
ESTIMATING FORAGE CIGESTIBILITY AND INTAKE
ESTIMATING FORAGE NUTRITIVE VALUE /COMPARISON OF
ESTIMATING NUTRITIVE VALUE FROM IN VITRO CELLULC
ESTIMATING THE NUTRITIVE VALUE QF FORAGES
ESTIMATICON OF FORAGE NUTRITIVE VALUE FROM IN VIT
ESTIMATICN CF GRCSS CIGESTIBLE ENERGY GF FORAGE/
ESTIMATICN OF THE TRUE CIGESTIBILITY OF FORAGES
ESTIMATICN OF VOLATILE FATTY ACIDS 1946. THE AP
ETHYL ALCOHCL 1959. THE RATE
EUROPEAN AND ZCGRU CATTLE

EVERY THREE HOURS / IN THE CONCENTRATIONS OF MIC
EXTRACTICN CF AQUATIC EXTRACLTS OF FORAGE ON THE
EXTRACTS CF FORAGE ON THE GROWTH OF BACTERIA OF/
EXTRACTS CF FORAGES OGN IN VITRO CELLULQSE DIGEST
EXTRACTS OF RUMEN MICROORGANISMS

F

FATE OF NITRATE IN RUMINAL INGESTA AS STUDIES I/
FATTY ACID CONCENTRATIONS AND PROPORTIONS IN THE
FATTY ACID FORMATION 1956. THE ROLE OF CA
FATTY ACID GROWTH FACTOR FOR CELLULOLYTIC COCCI
FATTY ACIC PROCUCTION / OF PELLETING ALFALFA ON
FATTY ACIO PROBUCTION AND MICROBIAL ACTIVITY IN
FATTY ACID PRCOCUCTION IN THE ARTIFICTIAL RUMEN AS
FATTY ACID PROCUCTION IN THE RUMEN

FATTY ACID PROCUCTION IN VIVO AND IN VITRC /EFFE
FATTY ACIDS 1954.
FATTY ACIDS 1946. THE APPLICATION OF THE SILICA
FATTY ACIDS /GATICNS 1. VARIABILITY OF DRY MATT
FATTY ACIDS /VITRC TECHNIQUES AND THE EFFECTS OF
FATTY ACIDS FROM CFLLULOSE, STARCH, AND METABOL!
FATTY ACIDS FROM (CRASS BY RUMEN LIQUOR IN AN ART
FATYY ACICS IN THE RUMEN

FATTY ACIDS ON CELLULOSE DIGESTION /PROCEDURE -
FFD A LIMITED RATICN EVERY THREE HOURS f IN THE
FED CHOPPED OR GROUNC USING AN IN VITRO RUMEN FE
FED DIFFERENT RATICNS 1953, NUMBERS AND
FED DIFFERENT RATIGNS /ORA IN THE ALIMENTARY TRA
FED LTMITED DIRTS CNCE CAILY /NAL CHANGES IN THE
FED TC APPETITE IN PENS OR AT PASTURE /ES IN THE
FEC TO RUMINANTS 1956. A LABORATORY TECHNIQUE
FEED SUPPLEMENTS FEC TO RUMINANTS 1956, A LARQ
FEEDING CN IN VITRC CELLULOSE DIGESTION BY RUMEN
FEEDING VALUE 1962. RELATIO
FEECSTUFF CELLULCSF IN THE BOVINE RUMEN
FEEDSTUFFS, WITH ANC WITHOUT AUREOMYCTIN, ON IN V
FFRMENTATICN

FERMENTATICN

FERMENTATION /RAGES IN THE LABORATORY, V. COMPAR
FERMENTATION AND CHEMICAL SOLUBILITY METHODS IN
FERMENTATION BY RUMEN BACTERIA 1962
FERMENTATIOCN CATA 1960. PREDICTION OF
FERMENTATION IN A CONTINUOUSLY CULTURED RUMEN EC
FERMENTATION IN CERTAIN MAMMALS

FERMENTATION IN EUROPEAN ANC ZEBU CATTLE
FERMENTATION IN VITRO 198
FERMENTATION METRCD /F THE NUTRITIVE VALUE INDEX
FERVMENTATION METHCCS

FERVMENTATION OF CARBOHYCRATES IN THE RUMEN OF TH
FERMENTATION OF CELLULOSE IN VITRO BY ORGANISMS
FERMENTATION OF SHEEP GRAZING DESERT RANGE FORAG
FERMENTATION OF WCNC-CUST BY CELLULOSE BACTERIA
FERMENTATION PROCECURE EMPLOYED /NATION OF THE D
FERMENTATICN STUCIES CN FORAGE SUBSTRATES
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59

£ ENERGY CONTENT OF SOME E/ 1963. THE USE OF THE IN VITRO
1966, THE DEVELOPMENT AND APPLICATION OF IN VIYRO RUMEN
STUM ON MICROBIAL DIGESTION IN RUMINANTS - IN VITRO RUMEN
GESTIBILITY AND TINTAKE 19465. USE OF IN VITRO RUMEN
VITRO AS AFFECTED BY INOCULUM DONOR, COLLECTION DAY, AND
1962, RELATION OF CERTAIN END PRODUCTS OF RUMEN
INATION JOF FORAGE HOLOCELLULOSE DIGESTIBILITY BY IN VITRD
ANC MICROSCOPIC COMPARISON OF IN VIVO AND IN VITRO RUMEN
TICN OF SEVERAL CELLULOLYTIC BACTERIA FROM IN VITRO RUMEN
AND CONTINUJUS FLOW YYPES OF APPARATUS FO02 IN VITRO RUMEN
1961, TSOLATION AND CHARACTERIZATION OF A HEMICELLULOSE
/. BACTERIA DF THE OVINE RUMEN TIl. THE FUNCTIONAL GRCUPS
/ND STEMS OF PERENNIAL RYEGRASS, COCKSFQOT, TIMOTHY, TALL
MEN 1954,
CIGESTION BY RUMEN MICROORGANISMS AND ITS STIMULATICN BY
S 12462. STUDIES ON RUMEN PHYSIOLOGY 1. GROWTH OF
BOLISM REVEALED BY PURE CULTURE STUDIES OF THE INDIGENOUS
JLORA IN THE AL IMENTARY TRACT OF LIVESTOCK Il. BACTERIAL
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VOLATILE FATTY ACIDS 19ué, YHE APPLICATICN OF THE SILICA
W TYPES OF APPARATUS FOR 1/ 1960. A COMPARISON OF THE ALL
SHEEP 1959. IN VITRO STUDIES ON THE EFFECT OF PH AND OF
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ARD SAMPLES BY CATTLE AND SHEEP 1964. MICRODIGESTICN OF
/65. INDICES OF EFFICIENCY OF RUMEN FERMENTATION OF SHEEP
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/ 11, THE FUNCTIDNAL GROUPS FERMENTING CARROHYDRATES AND
N DIGESTING BACTERIA FROM THE RUMEN OF RLOATING CATYLE ON
OTOZ0A UPON RUMEN ACID PRODUCTION AND LIVEWEIGHT GAINS IN

INVESTIGATION OF THE PROBLEMS ASSOCIATED WITH CONTINUQUS
T, TIMOTHY, TALL FESCUE, / 196u. THE DIGESTIBILITY OF THE
CATION TO IN VITRD CELLULOSE DIGESTIBILITY OF GRASSES AND
ORGANISMS N VITRD 1261 CELLULOSE, STARCH AND MITROGEN
/ COMPARATIVE EFFECTS OF CALCIUM TO PHOSPHGORUS RATIOS AND
UCTION AND MICRORIAL ACTIVITY IN DAIRY H/ 1961. EFFFCY OF
ORAGE PLANTS B/ 1958. THE EFFECT OF STAGE OF MATURITY AND
Y OF GRASSES AND LEGUMES 1965, RELATIONSHIP OF
TUFFS IN THE RUMEN FOR DETERMINATION OF THE PA/S 1963, THE
CENTRATIONS OF MICRO-ORGANISMS IN THE RUMENS OF SHEIP FED
TRATIONS OF MICRO-ORGANISMS IN THE RUMEN OF A SHEEP FED A
HE PRODUCTION OF VOLATILE FATTY ACIDS FROM GRASS BY RUMEN
E/ 1960. STUDIES ON MICROFLORA IN THE ALIMENTARY TRACT OF
0/ 1960, STUDIES ON MICROFLORA IN THE ALTMENTARY TRACT OF
96k, A METHOD FOR MEASUREMENT DF FORAGE INTAKE OF GRAZING
965. INFLUENCE NF PROTOZOA UPON RUMEN ACID PRODUCTION AND
RTIFICIAL RUMEN AS INDICES OF FORAGE QU/ 195B. DRY MATTER

GRCUPS FERMENTING CARBOHYDRATES AND LACTATE ON A DIET OF
/ OF PERENNIAL RYEGRASS, COCKSFOOT, TIMOTHY, TALL FESCUE,

€D BY ETHYL ALCOHOL 1959, THE RATE AND
CONTINUQUS CULTURE 264, MODIFICATIONS OF A DEVICE FOR
1959. MICORBIAL FERMENTATION IN CERTAIN

L ACTIVITY OF RUMEN WITH APPLICATION TO UTILIZATIO/ 1953,
1959. THE IN VITRO DIGESTION OF RQUGHAGE DRY

/e« ARTIFICIAL RUMEN INVESTIGATIONS I. VARIABILITY QF DRY
ED TECHNIQUE FOR IN VITRO COMPARISON OF CFLLULDSE AND DRY
Y OF UNDRIED AND DRIED MIXED FORAGES TO THETIR IN VIVD DRY
WINTER BURN ON THE CHEMICAL COMPOSITION AND TN VITRQ DRY
1960, THE DRY

FUTINE DETERMINATION OF IN VITRO DIGESTIBILITY OF QRGANIC
N THE ARTIFICIAL RUMEN AS INDICES OF FQRAZE QU/ 1958, DRY
OF WHOLE GRASSES AND THEIR PARTS AT PROGRESSIVE STAGES OF
ELLULOSE IN FORAGE PLANTS B/ 1958. THE EFFECT OF STAGE OF
OMPOSITION, MUTRIENT DIGESTIBILITY / 1941. EFFECT OF FOUR
N VITRO 19261 .CELLULOSF, STARCH AND NITROGEN LEVELS FOR
MS ~ UREA UTILIZATI/ {954. COMPARISON OF UREA AND PRCTEIN
IN RUMINANTS 19592, CELLULOSE DIGESTICN IN VEITRD AS A
COCKSFOOT, TIMGTHY, TALL FESCUE, LUCERNE AND SAINFOIN, AS
964 VARIATIONS AMONG CATTLE AND SHEEP IN DIGESTIVE PONWER
/TIGATIONS [Il. CORRELATIONS BRETWEEN IN VITRO AND IN VIVO
MENTS FED TO RUMINANTS 19564 A LABORATORY TECHNIQUE FOR
TFICIALY 1965. AN ATTEMPT TO STANDARDIZE THE YECHNIQUE OF
IBACTERIA 1951. THE
ELLA GAZDGENES 1951, THE
UMEN MICROORGANTSMS SUPPORTED BY NUTRITIONALLY INADEQUATE
RMENTING CARBDHYDRATES AND LACYATE ON A DIET OF LUCERNE (
FOR I/ 1960. A COMPARYISON OF THE ALL GLASS, SEMIPERMEABLE
ITRATE IN R/ J9u9, STUDIES ON THE ALIMENTARY TRACT OF THE
/N OF SHORT CHAIN FATTY ACIDS FROM CELLULGSE, STARCH, AND
/MEN VOLUME AND ASSOCTIATED EFFECTS AS FACTORS INFLUENCING
ES IN THE RUMEN OF SHEEP 1960.
HE INDIGENDUS FLORA 1960, SOME ASPECTS OF RUMINAL
N PROTEIN NITROGEN IN THE BOVINE RUMEN V1. THE EFFECT OF
1958, ISOLATION AND CHARACTERIZATICN OF

1959,

964, A

FORAGES 1962.
19664 THE RUMEN ANT ITS

S 195%. RESPONSE BY RUMEN

ATERIAL AND THE CORRELATION BETWEEN PROTEIN SYNTHESIS AND
GES [N THE INGRECIENT COMPOSITIONS OF THE RATION ON RUMEN
EVULINIC ACID ON DIGESTIBILITY, FATTY ACTD PRDDUCTION AND
UTILIZATIO/ 1953. MANOMETRIC METHOD FOR THE EVALUATICN OF
1AL REFERENCE TO COTTON TEXTILES 1951 .
N OF GROUPS OF ANAEROBIC BACTERIA ACT/ 1963. SYMPOSIUM ON
N FERMENTATION YECHNIQUES 1963, SYMPOSIUM ON
WITH SPELCIAL REFERENCE TO THE DECOMPOSITION OF STR/ 1947,
UMEN 1960. SYMPOSIUM ~ SELECTED TOPICS IN
960, SYMPOSIUM - SELELTED TOPICS IN MICROBIAL ECOLOGY 1.
1956. RUMEN STUDIES IN SHEEP. 1. VARTATION IN RUMEN

Q64. EFFECTS OF ESSENTIAL OILS OF SAGEBRUSH DN DEER RUMEN
1962. SOME FACTORS INFLUENCING THE RUMEN

4. MODIFICATIONS OF A DEVICE FOR MAINTENANCE OF THE RUMEN
COw 1959. ON THE EFFECT OF PH IN VITRO UPON THE
1961. SOME ASPECTS OF RUMEN

HERBAGE, AND STANDARD SAMPLES BY CAYTLE AND SHEEP 9764,
ONS AMONG CATTLE AND SHEEP IN DIGESTIVE POWER MEASURED BY
R MEASUREMENT OF FORAGE INTAKE OF GRAZING LIVESTOCK USING
CONDITIONS 1966, COMPARISCN OF
LIMENARY REPORT ON THE STUDY OF FACTORS INFLUENCING RUMEN
I. METHOD FOR THE CULTURE OF THE BACTE/ 1?60. STUDIES ON
I1. BACTERIAL FLORA IN THE RUMEN OF €O/ 1960. STUDIES ON
1965, CELLULASE FROM RUMINGCCOCUS ALBUS AND MIXED RUMEN

L

LACTATE CN A CIET OF LUCERNE ( MEDICAGO SATIVA /
LADING CLOVER PASTURE 1962, ISOLATION OF SAPONI
LAMABS 1965. INFLUENCE OF PR
LARGE-SCALE OPERATION /1C MATIER IN FORAGES ~ AN
LEAVES AND STEMS CF PERENNIAL RYEGRASS, COCKSFCQ
LEGUMES 1965, RELATIONSHIP OF LIGNIFI
LEVELS FOR MAXIMUM CELLULGSE OIGESTION BY RUMEN
LEVELS UPCN IN VITRO AVATLABILITY OF PHYTIN AND/
LEVULINIC ACIOC CN CIGESTIBILITY, FATTY ACID PROD
LIGNIRICATION ON THE DIGESTION OF CELLULOSE IN F
LIGNIFICATICN TO IN VITRO CELLULOSE DIGESTIBILIT
LIMITATIONS OF THE TECHNIQUE OF SUSPENCING FQODS
LIMITED DTETS ONCE CAILY /NAL CHANGES [N THE CON
LIMITED RATION EVERY THREE HOURS / IN THE CONCEN
LIGUOR IN AN ARTIFICIAL RUMEN 1957. STUDIES ON T
LIVESTOCK 1. METHOC FOR THE CULTURE OF THE BACT
LIVESTOCK 11. BACTERIAL FLORA [N THE RUMEN QF C
LIVESTOCK USTNG MICROOIGESTION TECHNIQUES 1
LIVEWE EGHT GAINS TN LAMAS 1
LCSS AND VOLATILE FATTY ACID PRODUCTION IN THE A
LUCERNE ( MEDICAGC SATIVA } HAY / THE FUNCTIONAL
LUCERNE AND SAINFOIN, AS MEASURED BY AN IN VITR/

M

MAGNITUDE OF DIGESTION OF A ROUGHAGE AS INFLUENC
MAINTENANCE OF THE RUMEN MICROBIAL POPULATION IN
MAMMALS

MANCMETRIC METHOLC FOR THE EVALUATION OF MICRNOBIA
MATTER

MATTER AND CELLULQOSE CIGESTIBILITY AND PRODUCTI/
MATTER DIGESTIBILITIES OF FORAGES 1964. SIMPLIFIT
MATTYER DIGESTIAILITY /TRO CELLULOSE DIGESTIBILIT
MATTER DIGESTIBILITY OF EIGHT GRASSES /EFFECT OF
MATTER DIGESTION IN VITRO OF FORAGE CROPS

MATTER IN FORAGES ~ AN INVESTIGATION OF THE PRO/
MATTER LOSS5 AND VOLATILE FATTY ACID PRODUCTION 1
MATURITY 1963, THE IN VITRO DIGESTIBILITY

BATURITY AND LIGNIFICATION ON THE DIGESTION OF C
MATURITY STAGES CF TIMOTHY HAY ON ITS CHEMICAL C
MAXIMUM CELLULCSE DIGESTION BY RUMEN ORGANISMS 1
MEALS AS NITROGEN SOURCES FOR RUMEN MICROORGANIS
MEASURE OF THE DIGESTIBILITY OF FORAGE CELLULOSE
MEASURED BY AN IN VITRO PROCEDURE /AL RYEGRASS,

MEASURED RY MILROCIGESTION TECHNIQUES

MEASURES OF DIGESTIRILITY AND CHEMICAL COMPONEN/
MEASURING PHOSPHCRUS AVAILABILITY OF FEED SUPPLE
MEASURING THE DIGESTION OF FODDERS IN VITRO (ART
MECHANISM OF PROPICNIC ACID FORMATION BY PROPION
MECHANISM OF PROPIONIC ACID FORMATION 8Y VEILLON
YEDIA / ON THE IN VITRO CELLULOSE DIGESTION BY R
MEDICAGC SATIVA ) HAY / THME FUNCTIONAL GROUPS FE
MEMARANE AND CONTINUOUS FLOW TYPES OF APPARATUS

MERIND SHEEP IN SOUTH AFRICA XVI. THE FATE QOF N
METABOLIC INTERMECYATES BY BOVINE RUMEN MICROOR/
METABOLISM AND PROTOZOA CONCENTRATIONS IN THE R/
METABOLISM QF THE SOLUBLE CARBOHYDRATES OF GRASS
METABOLISM REVEALED BY PURE CULTURE STUDIES OF T
METALS CN THE ACTIVITY OF THE RUMEN BACTERIA /ND
METHANOBACTERTUM RUMINANTIUM N. SP.

MICORBIAL FERMENTATION IN CERTAIN MAMMALS

MICRG ARTIFICTAL RUMEN FOR IS0TOPIC EXPERIMENTS

MICRG METHOES FOR NYTRITIVE EVALUATIDN OF RANGE

HICRODES

MICROBES TO PHOSPHORUS FROM DIFFERENT SUPPLEMENT
MICROBIAL ACTIVITIES /ATION OF THE SYNTHESIZED M
MICROBIAL ACTIVITY 1959. EFFECT OF MINOR CHAN
MICRORIAL ACTIVITY IN DAIRY HEIFERS AND WETHER /
MICROBIAL ACTIVITY OF RUMEN WITH APPLICATION TO

MICROBYAL DECOMPOSITION OF CELLULOSE -~ WITH SPEC
MICRORIAL DIGESTION IN RUMINANTS - IDENTIFICATIO
MICROBIAL DIGESTICON IN RUMINANTS - IN VITRO RUME
RICROBIAL DIGESTION IN THE RUMEN { AND CAECUM )

MICROBIAL ECOLOGY 1I. MICROBIAL ECOLOGY OF THE R
MICRCBIAL ECOLOGY OF THE RUMEN 1
MICROBIAL END~PROCUCTS [N FREE-GRAZING SHEEP

MICROBIAL FUNCYICN i

MICROATAL POPULATION

¥ICROBIAL POPULATION IN CONTINUOUS CULTURE %6
MICROBIAL PROCESSES IN THE RUMEN CONTENTS OF THE
MICROBIOLOGY 1956~1960

MICRODIGESTION OF GRAZED ANNUAL FORAGE, CLIPPED

®ICRCOIGESTION TECHNIQUES 1964, VARIATI
VICRODIGESTION TECHNIQUES 1964 . A METHOD FO
#ICRODIGESTION TECHNIGUES UNDER RANGE ANMD DRYLOT
MICROFLORA 19%6. A PRE
MICROFLORA IN THE ALIMENTARY TRACT OF LIVESTOCK

FICROFLORA 1IN THE ALIMENTARY TRACT OF LIVESTOCK

#ILROORGANISMS
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1961. EFFECT OF HEATING STARCH ON ITS DIGESTION BY RUMEN

6. IN VIVO AND IN VITRO NUTRITIONAL REQUIREMENTS OF RUMEN
$956. PROTEOLYSIS BY RUMEN

1962. ENUMERATION OF RUMEN

EFFECT OF THIMET ON IN VITRO CELLULOSE DIGESTION BY RUMEN
AMMA RADIATION ON THE UTILIZATION OF WHFAT STRAW BY RUMEN
T ON THE ACTIVITY OF SEVERAL ENZYMES IN EXTRACTS OF RUMEN
THE NITROGEN IN SOME AMMONIATED PRODUCYS TO BOVINE RUMEN

UDY OF CELLULOSE DIGESTION BY WASHED SUSPENSICNS OF RUMEN
THE DIGESTION OF CELLULOSE IN VITRO AND IN VIVO BY RUMEN

ONS UPON FACTORS INFLUENCING CELLULOSE DIGESTION BY RUMEN
ACYCLINE FEEDING ON IN VITRO CELLULOSE DIGESTION BY RUMEN
RACTS OF FORAGES ON IN VITRQ CELLULOSE DIGESTION BY RUMEN
/ OF UREA AND PROTEIN MEALS AS NITROGEN SCURCES FOR RUMEN
T CHEMICAL FORMS ON IN VITRQO CELLULOSE DIGESTION BY RUMEN
SOURCES OF ENERGY UPON IN VITRO UREA UTIL{ZATION BY RUMEN
TURE OF PROTEIN INFLUENCES UPON UREA UTILIZATION BY RUMEN
TIVE VALUE FROM IN VITRO CELLULOSE DIGESTIBILITY BY RUMEN
LOSE, STARCH, AND METABOLIC INTERMEDIATES BY BOQVINE RUMEN
T AUREOMYCIN, ON IN VITRO DIGESTION OF CELLULOSE BY RUMEN
PRODUYCTS 1954, IN VITRO CELLULOSE DIGESTION BY RUMEN

1952. RUMEN AND CAECAL

ODSTUFFS 1IN THE RUMEN FOR DETERMINATION OF THE PARTICULAR
1958. MINERAL REQUIREMENT OF RUMEN

€ IN VITRO CONVERSION OF INORGANIC NITROGEN TO PROTEIN 8Y
/ESTABLISHING THE VALIDITY OF IN VITRO STUDIES WITH RUMEN
1965. FACTORS INFLUENCING NUMBERS AND KINDS OF

MITED RA/ 1966, PERIODIC CHANGES IN THE CONCENTRATIONS OF
ED CIETS 7/ 1966. DIURNAL CHANGES TN THE CONCENTRATIONS OF
PETITE IN/ 1966. DIURNAL CHANGES IN THE CONCENTRATIONS OF
STEM ON A PROTEIN-FREE DIET 1958, GROWTH OF RUMEA
1961, ACTIVITIES OF DRIED RUMEN

GESTION OF THE CELLULOSE OF SOME PLANT FRACTIONS BY RUMEN
SES AND FORAGE CELLULOSES ON THEIR DIGESTIBILITY BY RUMEN
G THE DIGESTION OF GLUCOSE, STARCH AND CELLULOSE BY RUMEN
N ON THE DIGESTION OF CELLULOQSE IN FORAGE PLANTS BY RUMEN
TION AND SUBSEQUENT REFEEDING ON SOME ACTIVITIES OF RUMEN
/ OF INOCULA ON THE IN VITRO CELLULOSE DIGESTION BY RUMEN
1962. IN VITRO STUDIES OF RUMEN
1961. BIOCHEMICAL AND

1954, FIBER DIGHSTTION USING THE
CELLULOSE DIGESTION IN VITRO 1958.
THE RATION ON RUMEN MICROBIAL ACTIVITY 1959. EFFECT OF
/0F IN VITRO CELLULOSE DIGESTIBILITY OF UMDRIED AND CRUED
1965. CELLULASE FROM RUMINOCCOCUS ALBUS AND

1953. CATAROLIC REACTICNS OF

UMEN FERMENTATIONS

/ 1966, THE PRECICTION OF DIGESTIBLE ENEQGY IN POTENTIAL
ON BY RUMEN MICROOR/ 1951. IN VITRO OBSERVATIONS UPON THE
ACT OF THE MERIND SHEEP IN SOUTH AFRICA XVi. THE FATE OF
AZING DESERT RANGE FORAGFE AS INFLUENCED 8Y SUPPLEMENTS OF
UMEN MICROORGAN IS4S 1959. AVAILABILITY OF THE
METALS OV THF ACTIV/ 1950. THE UTILIZATION OF NON PRCTEIN
B8Y RUMEN ORGANISMS IN VITRO 1961 .CELLULOSE, STARCH AND
UTILIZATI/ 1954, COMPARISON OF UREA AND PROTEIN MEALS AS
COW S RUMEN 198D, THE IN VITRO CONVERSION QF INQRGANIC
E EFFECT OF METALS ON THF ACTIV/ 1950. TH:E UTILIZATICN OF
AND [TS USE IN DETERMINING DIURNAL VA/ 1961. AN IMPRQVED
TN VITRO DIGESTIRILITY OF FORAGE AS AFFECTED 8Y SEASCN IN
N 1965. FACTORS INFLUCACING
IN THE RUMEN OF COWS FED DIFFERENT RATIONS 1953,
BACTERIA AND ITS USE IN DETERMINING DITURMAL VARTATIOCN IN
JESTION IN THE RETICULO-RUMEN, IIl. FLUCTUATIONS IN THE
JURITY STAGES OF TIMOTHY HAY ON ITS CHEMICAtL COMPOSITION,
1961. DIGESTIVE PHYSIOLOGY AND

1963, AN ARTIFICIAL RUMEN SYSTEM FOR RANGE

1956. IN VIVC AND IN VITRO

CELLULOSE DIGESTION BY RUMEN MICROQRGANISMS SUPPORTED BY
1962. MICRO METHODS FOR

N VIVO AND IN VITRO TECHNIQUES 1964, THE MEASUREMENT OF
FN PROCEDURE FOR ORTAINING REPEATABLE ESTIMATES OF FCRAGE
TION AND CHEMICAL SOLUBILITY METHODS IN ESTIMATING FCRAGE
/ISCREPANCIES BETWEEN GRASSES AND ALFALFA WHEN ESTIMATING
N 1966, ESTIMATION OF FCRAGE
Y ON ITS CHEMICAL COMPOSITION, NUTRIENT OIGESTIBILITY AND
RUMEN FERMENTATION DATA 1960. PREDICTION CF THE
GROUND USING AN [N VITRO RUMEN £/ 1962. PREDICTION OF THE
1966. A COMPARISON OF DIFFERENT METHODS WHICH ESTIMATE
1964. THE ARTIFICTIAL-RUMEN TECHNIQUE OF ESTIMATING THE
59. USE OF THE ARTIFICIAL RUMEN TECHNIQUE TO ESTIMATE THE
VELOPMENT AND USE OF CHEMICAL METHODS FOR DETERMINING THE
OF AN IN VITRO ENZYME DIGESTION TECHNIQUY TJ PREDICT THE
1964. RIOASSAYS FOR

UENCE OF VARIABLES ON THE DETERMINATICN OF THE DIF/ 1964,

1961, EFFECT OF VARIOUS CATIONS AND CORN
oN 1964, EFFECTS OF ESSFNTIAL
MICRO-ORGANISMS [N THE RUMENS OF SHEEP FED LIMITED CIETS
DIGESTIBILITY OF FORAGE AS AFFECTED BY SEASON IN NORTHERN

MICROORGANISMS

MICRCORGANISMS 195
MICROORGANISMS

MICROORGANISMS

VICROORGANISMS 1964, THE
¥ICROORGANISMS (962, EFFECT OF G
MICRCORGANISMS 1965. EFFECT OF DIE
MICRCORGANISMS 1959. AVAILABILITY OF
MICRCORGANISMS 1955, A METHOD FOR THE ST
MICRCORGANISMS 1961. EFFECT OF STARCH ON
MICROORGANISMS 1950.PRELIMINARY OBSERVATI
MICROORGANISMS 1956. THE EFFECT OF CHLORTETR
MICROORGANISMS 1964, THE EFFECTS OF WATER EXT

MICRCORGANISMS - UREA UTILIZATION AND CELLULOSE/
MICRODRGANISMS /EFFECT OF PHOSPHORUS IN DIFFEREN
MICROORGANISMS /LUENCE OF DIFFERENT AMOUNTS AND
FICROQRGANISMS /N VITRO OBSERVATIONS UPON THE NA
FICROCRGANISMS /NC ALFALFA WHEN ESTIMATING NUTRI
MICROORGANISMS /CRT CHAIN FATTY ACIDS FROM CELLU
PICROOQRGANISMS /S OF FEEDSTUFFS, WITH AND WITHOU
MICRCORGANTSMS ANC ITS STIMULATION BY FISHERY BY
MICROQRGANISMS AS SYMBIONTS

MICROORGANISMS ATTACKING THEM / OF SUSPENDING FQ
MICRCCORGANISMS FOR CELLULOSE DIGESTION IN VITRO
MICRCORGANISMS FROM THE COW S RUMEN 1980, TH
MICROORGANISMS IN SO-CALLEC ARTIFICIAL RUMEN S/
MICRCORGANISMS IN THE RUMEN

MICRCORGANI[SMS | IN THE RUMEN OF A SHEEP FED A LI
MICROORGANISMS "IN THE RUMENS OF SHEEP FED LIMIT
MICROORGANISMS IN THE RUMENS OF SHEEP FED TO AP
MICROORGANISMS IN AN IN VITRO CONTINUQUS FLOW SY
MICRCORGANISMS IN VITRO

MICROCRGANISMS IN VITRO 1958, THE RATES OF 01
MICRCORGANISMS IN VITRO /IES OF PURIFIED CELLULO
MICRCORGANISMS IN YITRO /S OF VALERIC ACID DURIN
MICRCORGANISMS IN VITRO /TURITY AND LIGNIFICATIC
MICRONRGANISMS IN VITRO /8. THE EFFECT OF STARVA
PICRCCRGANISMS SUPPORTEC RY NUTRITIONALLY INADE/
MICRCCRGANISMS, USING A CONTINUOUS FLOW SYSTEM
MICROSCOPIC COMPARISON OF IN VIVO AND IN VITRO R
MINATURE ARTIFICIAL RUMEN

MINERAL REQUIREMENT OF RUMEN MICROORGANISMS FOR
MINGR CHANGES 1IN THE INGREDIENT COMPOSITIONS OF
MIXED FORAGES TO THEIR IN VIVD DRY MATTER DIGES/
MIXED RUMEN MICROCRGANISMS

MIXED SUSPENSIONS OF BOVINE RUMEN BACTERTA

N

INVI) OF FORAGES USING A SIMPLE IN VITRO TECHNIQ
NATURE OF PROYEIN INFLUENCES UPON UREA UTILIZATI
NI1TRATE IN RUMINAL INGESTA AS STUDIES IN VITRO /
NITROGEN AND PHCSPHORUS /ERMENTATION OF SHEEP GR
NITRCGEN IN SOME AMMONIATED PRODUCTS YO BOVINE R
NITROGEN IN THE BOVINE RUMEN VI. THE EFFECT OF
NITROGEN LEVELS FOR MAXIMUM CELLULOSE DIGESTION
NITROGEN SOQURCES FOR RUMEN MICROORGANISMS ~ UREA
NITROGEN TO PROTEIN BY MICRO-ORGANISMS FROM THE
NCN PROTEIN NITROGEN IN THE BOVINE RUMEN VI. TH
NCNSELECTIVE CULTURE MEDIUM FOR RUMINAL BACTERTA
NCRTHERN ONTARIC 1966, CHEMICAL COMPOSITION AND
NUMBERS AND KINCS OF MICRO-ORGANISMS IN THE RUME
NUMBERS AND SOME PRECOMINANT GROUPS OF BACTERIA
NUVMBERS OF BACTERIA IN THE RUMEN /UM FOR RUMINAL
NUMBERS OF RUMEN PROTOZOA AND THEIR POSSIBLE RO/
NUTRIENT DIGESTIRILITY ANC NUTRITIVE VALUE INDE/
NUTRITICON GOF THE RUMINANT

NUTRITICN STUCTES

NUTRITICNAL REGUIRFMENTS OF RUMEN MICROORGANISMS
NUTRITICNALLY INACFQUATE MECIA / ON THE IN VITRO
NUTRITIVE EVALUATICN OF RANGE FORAGES

NUTRITIVE QUALITY IN A BLUEGRASS PASTURE USING I
NUTRITIVE VALUE / TII. SIMPLIFIED ARTIFICIAL RUM
NUTRITIVE VALUE /COMPARISON OF IN VITRO FERMENTA
NUTRITIVE VALUE FROM IN VITRO CELLULOSE DIGESTL/
NUTRITIVE VALUE FROM IN VITRO CELLULOSE DIGESTIO
NUTRITIVE VALUE INDEX /RITY STAGES OF TIMOTHY HA
NUTRITIVE VALUE TINDFEX OF A FORAGE FROM [N VITRO
NUTRITIVE VALUE INDEX OF FORAGES FED CHOPPED OR
NUTRITIVE VALUE CF FQRAGES

NUTRITIVE VALUE CF FORAGES

NUTRITIVE VALUE CF FORAGES 19
NUTRITIVE VALUE CF FORAGES 1965. DE
NUTRITIVE VALUE CF FORAGES 1962. USE
NUTRITIVE VALUE CF INCIVIOUAL ALFALFA PLANTS
NUTRITIVE VALUE CF THEMEUDA TRIANDRA . THE INFL

O

CIt CN CRUDE CELLULCSE CIGESTIBILITY BY SHEEP
CILS CF SAGEBRUSH ON CEER RUMEN MICRORIAL FUNCTI
CNCE DAILY /NAL CHANGES IN THE CONCENTRATIONS CF
CNTARIGC 1966. CHEMICAL COMPOSITION AND IN VITRO
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/ THE ROUTINE DETERMINATION OF IN VITRO DIGESTIBILITY OF
1948, THE FERMENTATION OF CELLULOSE IN VITRO BY

NITROGEN LEVELS FOR MAXIMUM CELLULOSE DIGESTION BY RUMEN

1948, THE COMPOSITION AND

N QN A DIEV OF RGOR TEFF HAY 1962. BACTERIA OF THE
6 CARBOHYDRATES AND LACTATE ON A D/ 1962. BACTERIA CF THE
PREDOMINANT TYPE OF CELLULOSE DIG/ 1965. BACTERIA OF THE

TILE FATTY ACIDS 19u46. THE APPLICATION OF THE SILICA GEL
CTERIA FROM THE RUMEN OF BLOATING CATTLE ON LADIND CLCVER
15MS IN THE RUMECNS OF SHEEP FED TO APPETITE IN PENS OR AT
HEMICAL COMPOSITION, BOTANICAL €O/ 1966. AN EVALUATICN OF
1964, THE MEASUREMENT OF NUTRITIVE QUALITY IN A BLUEGRASS
LLULOSE DIGESTINN AND VOLATILE FATYY ACI/ 1962. EFFECY OF
MICRO-ORGANTSMS IN THE RUMENS DF SHEEP FED 70O APPETITE IN
CUE, / 1964, THE DIGESTIBILITY OF THE LEAVES AND STEMS OF
DRGANISMS IN THF RUMEN OF A SHEEP FED A LIMITED RA/ 1965,
RUMEN OF SHEEP 1959, IN VITRO SYUDIES ON THE EFFECT OF
KUMEN CONTENTS OF THE COW 1959. ON THE EFFECT OF
THE INFLUENCE OF VARIOUS FACTORS UPON SURFACE TENSION AND
SLY CULTURED RUMEN ECOSYSTEM 1966, EFFECT OF
/9. RUMINAL FLORA STUDIES IN THE SHEEP [X. THE EFFECT OF
D BY RATION CHANGE AND SEASON 1960, RUMINAL VARIATICN IN
RANGE FORAGE AS INFLUENCED Y SUPPLEMENTS OF NITROGEN AND
LEVELS UPON IN VITRO AVAILABILITY DF PHYTIN AND INORGANIC
TO RUMINANTS 1956. A LABORATORY TECHNIQUE FOR MEASURING
1959. RESPONSE BY RUMEN MICROBES TO

RO CELLULOSE DIGESTION B8Y RUMEN MICROORG/ (961« EFFECT OF
ABILITY OF PHYTI/ §261. COMPARATIVE EFFECTS OF CALCIUM TC
ILE FATTY ACID PRODUCTION IN VIVO AND IN/ 1963, EFFECT OF
ORAGE CELLULOSES ON THEIR/ 1959, THE INFLUENCE OF CERTAIN
STANDARDIZAT IDON DF METHODS 1962. STUDIES ON RUMEN
196t. DIGESTIVE

HDSPHORUS RATIOS AND LEVELS UPON TN VITRO AVAILABILITY OF
OR THE IV VITRO DETERMINATION OF HERBAGE DIGESTIBILITY IN
19664 BIOASSAYS FOR NUTRITIVE VALUE OF INDIVIDUAL ALFALFA
AND LIGNIFICATION ON THE DIGESTION OF CELLULOSE IN FCRAGE
1950, CELLULOSE DIGESTION [N GOOL AND

1. THE COMPOSITION OF THE POPULATION ON A DIET OF
1962. SDME FACTORS INFLUENCING THE RUMEN MICROBIAL
LTURED RUMEN ECOSYSTEM 1946, EFFECT OF PH ON
ATIONS OF A DEVICE FOR MAINTENANCE OF THE RUMEN MICROBIAL
STUCIES IN THE SHEEP (X. THE EFFECT OF PH ON THE CILIATE
2. BACTERIA OF THE OVINE RUMEN 1. THE COMPOSITION OF THE
196k, RATION CHARACTERISTICS INFLUENCING RUMEN PROTCQZOAL
RO TECHNIQ/ $964. THE PREDICTION OF DIGESTIBLE ENERCY 1IN
1964, VARIATIONS AMONG CATTLE AND SHEEP IN DIGESTIVE

1962. USE OF AN IN VITRO ENZYME DIGESTION TECHNIQUE TO

1) OF FORAGES USING A SIMPLE IN VITRO TFCHNIQ/ 1966. THE
19664 THE IN VITRO

AGE FROM IN VITRO RUMEN FERMENTATIQON DATA 19460,
ES FED CHOPPED OR GROUND USING AN IN VITRC RUMEN F/ 1962.
OWS FEOD DIFFERENT RATIONS 1953, NUMBERS AND SONME
/ OF THE OVINE RUMEN IV. EFFECT OF CMANGE OF DIET ON THE
IN THE RUMEN OF S/ 1962. EFFELT OF CHANGE OF DIET DN THE
PRODUCTIDN FROM THE ARTIFICIAL RUMEN TO ESTIMATE / 1961.
ENCING RUMEN MICROFLORA 1946, A
B8Y RUMEN MICROORGANISMS AND ITS STIMULATION BY FISHERY BY
£S 1954+ HYDROLYTIC
VALUE 1962, RELATION OF CERTAIN END
1959. AVAILABILITY OF THE NITROGEN IN SOME AMMONIATED

N VITRO DIGESTIBILITY OF WHOLE GRASSES AND THEIR PARTS AT
D ARTIFICIAL RUMEN DESIGNED FOR LONTINUOUS CONTROL DURING
1951. THE MECHANTSM OF PROPIONIC ACID FORMATICN BY

1951, THE MECHANISM OF

S 1951. THE MECHANISM OF
1951. ISOLATION OF A BACTERIUM, PRODUCING

L-FED BEEF / 1961, VOLATILE FATTY ACID CONCENTRATIONS AND
1940. THE IN VITRO CONVERSION OF INORGANIC NITROGEN TO
JUENCE OF VARIABLES ON THE DETERMINATIOM OF THE DIFFERENT
A IN THE BOVINE RUMEN IT1. THE SYNTHESIS AND RREAKDOWN OF
N MICROOR/ 1951, IN VITRO OBSERVATIONS UPCN THE NATURE OF
OORGANISMS - UREA UTILIZATY/ 3954, COMPARISON OF UREA AND
FECT OF METALS ON THE ACTIV/ 1950. THE UTVILIZATION OF NON
N OF THE SYNTHESIZED MATERTAL AND THE CORRELATION BETWEEN
MICROORGANISMS IN AN IN VITRO CONTINUOUS FLOW SYSTEM CN 4
1956

TICULO-RUMEN: TI1. FLUCTUATIONS IN THE NUMAERS OF RUMEN
ASSOCTIATED EFFECTS AS FACTORS INFLUENCING METABOLISM AND
1984 . THE SIGNIFICANCE OF THE RACTERIA ANC THE

HT GAINS IN LAMBS 1965. INFLUENCE OF
1964, RATION CHARACTERISTICS INFLUENCING RUMEN

ORAGE CELLULOSE DIGESTIBILITY 1965 A
1960. SOME ASPECTS OF RUMINAL METARCLISM REVEALED BY
DEGRADATION AND UTILIZATION OF ISOLATED HEMI-CELLULOSE BY
E 1963, THE CELLULOLYTIC ACYIVITY OF
IR/ 1959. THE INFLUENCE OF CERTAIN PHYSICAL PROPERTIES OF

RUMEN

ORGANIC MATTER IN FORAGES — AN INVESTIGATICON OF/
ORGANTISMS FROM THE RUMEN OF SHEEP

ORGANISMS IN VITRG 19561.CELLULOSE, STARCH AND
CUTPUT CF SHEEPS SALIVA

OVINE RUMEN T, THE COMPOSITION OF THE POPULATIO
CVINE RUMEM 1T7. THE FUNCTTIONAL GROUPS FERMENTIN
OVINE RUMEN IV, EFFECT OF CHANGE OF DIET ON THE

P

PARTITICN CHROMATGGRAM TO THE ESTIMATION CF VOLA
PASTURE 1962, ISCLATION OF SAPONIN DIGESTING BA
PASTURE /ES IN THE CONCENTRATIONS OF MICRO~ORGAN
PASTURE GUALTTY WITH YOUNG GRAZING SHEEP, II. C
PASTURE USING IN VIVO AND IN VITRO TECHNIQUES
PELLETING ALFALFA CN IN VITRO GAS PRODUCTION, CE
PENS OR AT PASTURE /ES IN THE CONCENTRATICNS QF
PERENNIOL RYEGRASS, COCKSFOOT, TIMOTHY, TALL FES
PERIONIC CHANGES IN THE CONCENTRATIONS OF MICRO-
PH AND OF GLUCOSE (N AMMONTA ACCUMULATION IN THE
PH IN VITRO UPCON THE MICROBIAL PROCESSES IN THE
PE OF RUMEN FLUID 1957,
PH ON PCPULATION ANC FERMENTATION IN A CONTINUOU
PH ON THE CILIATE POPULATION OF THE RUMEN IN VI/
Py, TEMPERATURE ANC IN VITRO ACTIVITY AS ARFECTE
PHUSPHORUS /ERMENTATION OF SHEEP GRAZING DESERT
PHCSPHORUS /70F CALCTIUM TO PHOSPHORUS RATIOS AND
PHCSPHORUS AVAILARILITY OF FEED SUPPLEMENTS FED
PHCSPHGRUS FROM CIFFERENT SUPPLEMENTS

PHOSPHORUS IN DIFFERENT CHEMICAL FORMS ON IN VIT
PHOSPHORUS RATIOS AND LEVELS UPON IN VITROC AVATL
PHYSICAL FORM DF RATION UPON DIGESTION AND VOLAT
PHYSICAL PRCPERTIES OF PURIFIED CELLULOSES AND F
PHYSIOLOGY 1. GROWYH OF FISTULATED ANIMALS AND
PHYSIOLCGY AND NUTRITION OF THE RUMINANT

PHYTIN AND INORGANIC PHOSPHORUS /OF CALCIUM TQ P
PLANT~BREEDING STUDIES 1966. A MODIFIED METHOD F
PLANTS

BLANTS BY RUMEN MICROORGANISMS IN VITRO /TURITY
PCOR QUALITY ROUGHAGES USTING AN ARTIFICTAL RUMEN
PCOR TEFF HAY 1962, BACTERIA OF THE OVINE
PCPULATION

POPULATICN AND FERMENTATION IN A CONTINUOUSLY CU
POPULATION IN CONTINUQUS CULTURE 964, MODIFIC
POPULATICN OF THE RUMEN IN VIVQ / RUMINAL FLORA
POPULATICN ON A CIET OF POOR TEFF HAY 196
PCPULATIONS

POTENTIAL (NVI) OF FORAGES USING & SIMPLE IN VIT
PCOWER MEASURED BY MICRODIGESTION TECHNIQUES
PREDICT THE NUTRITIVE VALUE OF FORAGES
PREDICTICON OF DIGESTIBLE ENERGY IN POTENTIAL (NV
PREDICTICN OF HERBAGE DIGESTIRILITY

PREDICTICN OF THE NUTRITIVE VALUE INDEX OF A FOR
PREDICTICN OF THE NUTRITIVE VALUE INDEX OF FORAG
PREDCMINANT GROUPS OF BACTERIA IM THE RUMEN OF C
PREDCMINANT TYPE OF CELLULOSE DIGESTING B8ACTERI/
PREDOMINANY TYPE OF CELLULOSE DIGESTING BACTERIA
PRELIMINARY OB8SERVATICNS ON THE USE OF TOTAL 6AS
PRELIMINARY REPORT ON THE STUDY OF FACTORS INFLU
PRODULTS 19548, IN VITRO CELLULOSE DIGESTION
PRODUCTS OF CELLULOSE AND THE CELLULOLYTIC ENZIYM
PRCDUCTS OF RUMEN FERMENTATION TO FORAGE FEEDING
PRCOUCTS TO BOVINE RUMEN MICROORGANISMS
PROGRESSIVE STAGES CF MATURITY 1963, THE 1|
PROLONGED OPERATION /0. EVALUATION OF AN IMPROVE
PROPIONIRACTERIA

PRCPICNIC ACIT FORMAYION BY PROPIONIBACTERITA
PROPIONIC ACIC FORMATION BY VEILLONELLA GAZOGENE
PROPICONIC ACYID, FROM THE RUMEN 0OF SHEEP
PROPORTICNS IN THE GASTROINTESTINAL TRACT OF FUL
PROTEIN BY MTCRO-CRGANTISMS FROM THE COW S RUMEN
PROTEIN FRACTIONS IN FORAGES AND ON THE IN VITR/
PROTEIN [N RUMEN INGESTA /THE UTILIZATION DF URE
PROTEIN INFLUENCES UPON UREA UTILIZATION BY RUME
PROTEIN MEALS AS NITROGEN SQURCES FOR RUMEN MICR
PRCTEIN NITROGEN [N THE BOVINE RUMEN VI. THE EF
PROTETIN SYNTHMESIS AND MICROBIAL ACTIVITIES /ATIO
PROTEIN-FREE DIET 1958. GROWTH OF RUMEN
PROTEOLYSIS BY RUMEN MICRO-ORGANISMS

PROTGZOA ANC THEIR POSSIBLE ROLE IN BLOAT /HE RE
PROTOZOA CONCENTRATIONS IN THE RUMEN OF SHEEP /D
PROTOZOA OF THE RUMEN OF THE BOVINE

PROTOZOA UPON RUMEN ACID PRODUCTION AND LIVEWEIG
PROTOXZO0AL POPULATICNS

PURE CULTURE INOCULUM METHOD FOR EVALUATION OF F
PURE CULTURE STUCIES OF THE INDIGENOUS FLORA
PURE CULTURES OF CELLULOTIC RUMEN BACTERIA /5.
PURE STRAINS OF BACTERIA FROM THE RUMEN OF CATTL
PURIFIED CELLULOSES AND FORAGE CELLULOSES ON THE
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D PRODUCTION IN THE ARTIFICIAL RUMEN AS INDICES OF FORAGE
DUCTION FROM THE ARTIFICTAL RUMEN TO ESTIMATE ALFALFA HAY
IN VITR) TECHNIQUES 1964, THE MEASUREMENT OF NUTRITIVE
1950. CELLULOSE DIGESTION IN GOOD AND POQOR
COMPOSITION, BOTANICAL CO/ 1966. AN EVALUATION OF PASTURE
FTEICULO RUMEN 1. TOTAL REMOVAL AND RETURN OF DIGESTA FOR
0 RUMEN I. TOTAL REMOVAL AND RETURN OF DIGESTA FO/ 1965.
O~RUMEN, 111. FLUCTUATIONS IN THE NUMBERS OF RU/ 1965,

UMEN MICROORGANISMS
INFLUENCED BY ETHYL ALCOHOL
T FRACTIONS BY RUMEN MICROORGANISMS IN VITRO 1958. THE
HE RUMEN 1965. THE
N IN PH, TEMPERATURE AND IN VITRO ACTIVITY AS AFFECTED BY
AL POPULATIONS 1964 .
ECHNEIQUE, WITH STUDIES ON THE RELATIVE VALUE DF DIFFERENT
O0F MICRO-ORGANISMS IN THE RUMEN OF A SHREEP FED A LIMITED
57. THE INFLUENCE OF SODIUM BENTONITE IN VITRO AND IN THE
CT OF MINOR CHANGES IN THE TRNGRED1ENT COMPOSITIONS OF THE
ODUCTION IN VIVO AND IN/ 1963, EFFECT OF PHYSICAL FORM OF
ANT GROUPS OF BACTERIA IN THE RUMEN Of COWS FED DIFFERENT
K Il. BACTERTAL FLORA IN THE RUMEN OF COWS FED DIFFERENT
PHYTI/ 1961, COMPARATIVE EFFECTS OF CALCIUM TO PHOSPHORUS
1961.
ACTERIA 1953. CATABQLIC
ECHNIQUES AVD THE EFFECTS OF DIET UPQON THE PRODUCTION AND
15MS IN VvI/ 1958, THE EFFECT OF STARVATION AND SUBSEQUENT
IT. SIMPLIFIED ARTIFICTAL RUMEN PROCEDURE FOR OBTAINING
FFERENT SUPPLEMENTS 1959.
IGESTA F3/ 1965. JUANTITATIVE STUDIES OF CIGESTION IN THE
FOR QUANTITATIVE SAMPLING IN STUDIES OF DIGESTION IN THE
RS OF RU/ 1965. QUANTITATIVE STUDIES OF DIGESTION IN THE
/OF DIGESTION IN THE RETICULO RUMEN . TOTAL REMOVAL AND
US FLORA 19460, SOME ASPECTS OF RUMINAL METARCLISM
1959. THE RATE AND MAGNITUDE OF DIGESTION OF A
$959. THE IN VITRO DIGESTIGN OF
1950, CELLULOSE DIGESTION IN GOOD AND POOR QUALITY
1961, REACTIONS 1IN THE
1957, THE BACTERIOLOGY OF THE ARTIFICIAL
1961, A STRINGENT TESTY FOR THE ARTIFICTAL
1954, FIBER DIGESTION USING THE MINATURE ARTIFICIAL
S. THE RATES OF PRODUCTION Of VOLATILE FATTY ACIOS IN THE
Y FACTORS AFFECTING VOLATILE FATTY ACID PRODUCTION IN THE
S INFLUENCING NUMBERS AND KINDS OF MICRO-CRGANISMS IN THE
ICATIONS AND KINETIC CHANGES IN THE INGESTA OF THE BCVINE
FATTY ACID GROWTH FACTOR FOR CELLULOLYTIC COCCI OF RCVINE
ON IN GOOD AND POOR QUALITY ROUGHAGES USING AN ARTIFICIAL
TOPICS IN MICROBIAL ECOLOGY I. MICROBIAL ECOLOGY CF THE
SE AND DIGESTIBILITY OF FEEDSTUFF CELLULGSE IN THE BOVINE
ON OF A HEMICELLULOSE FERMENTING BACTERIUM FROM THE SHEEP
NIC NITRIGEN TO PROTEIN BY MICRO-ORGANISMS FROM THE CCW S
DIET QF POJR TEFF HAY 1962, BACTERTA OF THE CVINE
/7 1965. QUANTITATIVE STUDIES OF DIGESTION IN THE RETICULD
1243, THE UTILITZATION OF URECA IN THE BCVINE
OHYCRATES AND LACTATE ON A D/ 1962, BACTERIA OF THE CVINE
UATTC EXTRACTS OF FORAGE ON THE GROWTH DF BACTERIA OF THE
N VIVQ, ON THE CELLULOLYTIC ACTIVITY OF THE HEART BEAT OF
MINANT TYPE OF CELLULOSE DIG/ 1965« BACTERIA OF THE OVINE
RIAL AND THE/ 194y, THE UTILIZATION OF UREA IN THE BCVINE
/0. THE UTILIZATION OF NON PROTEIN NITROGEN IN THE BCVINE
HE CECOMPOSITION OF STR/ 1947. MICROBIAL 1XIGRSTION TN THE
1962, MODIFIED IN VIVO ARTIFICIAL
NTIFICATION OF GROUPS OF ANAERCBIC BACTERIA ACTIVE IN THE
F LIVESTOCK 1. METHOD FNR THE CULTURE OF THE BACTER!A IN
TERMINING DIURNAL VARIATION IN NUMBERS NF BACTERIA [N THE
MBS 1965. INFLUENCE nF PROTOZCA UPON
1952,
1966. THE
LOSS AND VOLATILE FATTY ACID PRODUCTION [N THE ARTIFICIAL
1953, CATABOLIC REACTIONS OF MIXED SUSPENSIONS CF BCVINE
OFCARBOXYLATION OF SUCCINIC ACID BY WASHED SUSPENSIONS OF
AN IN VITRD SYSTEM 7O THE STUDY OF STARCH FERMENTATICN BY
NE RUMEN VI. THE EFFECT OF METALS ON THE ACTIVITY OF THE
OF ISOLATED HEMI-CELLULOSE BY PURE CULTURES OF CELLULGTIC
GAT ION 1960. STUDIES WITH THE CELLULOLYTIC FRACTICN OF
1956. FACTORS INFLUENCING IN VITRO
METHOD OF ASSESSING FREE-LIVING AND ATTACHED BACTERIA IN
TN CULTURAL INVESTIGATIONS OF THE BACTERIOLOGY OF RCVINE
EFFECT OF PH IN VITRO UPON THE MICROBIAL PROCESSES I[N THE
LONGED OPERAT/ 1960. EVALUATION OF AN [MPROVED ARTIFICIAL
1949, A& NEW METHOD FOR THE STUDY IN VITRQ QF
1947,
ON POPULATION AND FERMENTATION IN A CONTINUOUSLY CULTURED
1961, CONTINUOUS CULTURE AS A MFTHOD FOR STUCYING
1960. EFFECT OF SEVERAL VARTARLES ON IN VITRO
ON OF THE NUTRITIVE VALUE INDEX OF A FORAGE FROM IN VITRO
1960. A CCMPARISON OFf THE
INCEX OF FORAGES FED CHOPPED OR GROUND USING AN IN VITRO

1962, EFFECT OF GAMMA
1959, THE

Q

QUALITY / DRY MATTER LQOSS AND VOLAYILE FAYTY ACT
QUALITY /RSERVATIONS ON THE USE OF TOTAL GAS PRO
QUALITY IN A BLUEGRASS PASTURE USING IN VIVO AND
QUALITY ROUGHAGES USING AN ARTIFICIAL RUMEN
QUALITY WITH YOUNG GRAZING SHEEP, 11. CHEMICAL
QUANTITATIVE SAMPLING IN STUDIES OF DIGESTION I/
QUANTITATIVE STUCIES OF DIGESTION IN THE RETICUL
QUANTITATIVE STUCIES OF DIGESTION IN THE RETICUL

R

RADIATION ON THE UTILIZATION OF WHEAT STRAW BY R
RATE AND MAGNITUCE OF DIGESTION OF A ROUGHAGE AS
RATES QOF DIGESTICN OF THE CELLULOSE OF SO¥WE PLAN
RATES OF PRODUCTIQN OF VOLATILE FATTY ACIDS IN T
RATION CHANGE ANC SEASON 1960. RUMINAL VARIATIQ
RATICN CHARACTFRISTICS INFLUENCING RUMEN PROTOZO
RATICN CONSTITUENTS /IN VITRO ARTIFICTAL RUMEN T
RATICN EVERY THREE HOURS / IN THE CONCENTRATIONS
RATION COF STEERS t9
RATIGN CN RUMEN MICROBIAL ACTIVITY 1959. EFFE
RATICN UPON DIGESTION ANC VOLATILE FATTY ACID PR
RATICNS 1953, NUMBERS AND SOME PREDOMIN
RATIONS /ORA IN THE ALIMENTARY TRACT OF LIVESTOC
RATIOS AND LEVELS UPON IN VITRO AVAILABILITY OF
REACTIONS IN THE RUMEN

REACTIONS OF MIXEC SUSPENSIONS OF BOVINE RUMEN B
RECYCLING OF RUMEN VOLATILE FATTY ACIDS /VITRO T
REFEEDING CN SOME ACTIVITIES OF RUMEN MICRCGORGAN
REPEATABLE ESTIMATES OF FORAGE NUTRITIVE VALUE /
RESPCNSE BY RUMEN MICROBES 7O PHOSPHORUS FROM DI
RETICULC RUMEN I. TOTAL REMOVAL AND RETURN OF D
RETICULC RUMEN OF CATTLE / AND RETURN OF DIGESTA
RETICULGC-RUMEN, T1IT. FLUCTUATIONS IN THE NUMBE
RETURN OF DIGESTA FOR QUANTITATIVE SAMPLING IN /
REVEALEC BY PURE CULTURE STUDIES OF THE INDIGEND
RCUGHAGF AS INFLUENCED 8Y ETHYL ALCOHOL

ROUGHAGE CRY MATTER

ROUGHAGES USING AN ARTIFICIAL RUMEN

RUNMEN

RUNMEN

RUNEN

RUNMEN

AYMEN 196
RUMEN 1962. DIETAR
RUWVEN 1965+ FACTOR
RUNMEN 1956. STRATIF
RYREN 1958, VOLATILE

RUMEN 1950. CELLULOSE DIGESTI
RUNEN 1960. SYMPOSIUM - SELECTED
RUMEN 1960. CRYSTALLINITY OF CELLULC
RUNMEN 1961, ISOLATION AND CHARACTERIZATI
RUVEN 19ub. TKE IN VITRO CONVERSION OF INORGA

RUMEN T. THE COMPOSITION OF THE POPULATION ON A
RUMEN T. TOTAL REMNVAL AND RETURN OF DIGESTA FQ
RUMEN I1. THE CCNVERSION OF UREA TO AMMGNIA
RUMEN T1. THE FUNCTIONAL GROUPS FERMENTING CARB
RUMEN IN FRENCH /LUENCE OF THE EXTRACTION OF AC
RUMEN IN ITALIAN /OF SACCHARIDE, IN VITRQ AND 1}
RUMEN IV. EFFECT OF CHANGE OF DIET ON THE PREDQO
RUMEN IV, THE ISCLATION OF THE SYNTHESIZED MATE
RUMEN VI, THE EFFFCT OF METALS ON THE ACTIVITY/
RUMEN ( AND CAECUM ) WITH SPECTAL REFERENCE TO T
RUMEN { VIVAR ) TECHNIQUES

RUMEN /CN MICRORIAL CIGESTION IN RUMINANTS - IDE
RUNMEN /S ON MICRCFLORA IN THE ALIMENTARY TRACT O
RUMEN /UM FOR RUMINAL RACTERTIA AND ITS USE IN DE
RUMEN ACID PRCODUCTION AND L IVEWEIGHT GAEINS IN LA
RUMEN ANC CAECAL MICRCORGANISMS AS SYMBIONTS
RUNEN AND ITS MICRORES

RUMEN AS INDICES OF FORAGE QUALITY / DRY MATTER
RUMEN BACTERIA

RUMEN BACTERIA 195C. THE
RUNMEN BACTERIA 1962. ADAPTATION QF
RUMEN BACTERIA /NON PROTEIN NITROGEN IN THE ROVI
RUMEN BACTERIA /5. DCEGRADATION AND UTILIZATION
RUFEN BACTERIA OBYAINED BY DIFFERENTIAL CENTRIFU
RUMEN CELLULOSE CIGESTION

RUMEN CCONTENT 1964, A
RUMEN CCNTENTS 1952. TECHNIQUES ENPLOYED
RUMEN CCNTENTS OF THE COW 1959. ON THE
RUNMEN DESIGNED FCR CONTINUOUS CONTROL DURING PRO
RUMEN DIGESTION

RUMEN DIGESTION STUDIES
RUNMEN ECQSYSTEM

RUMEN FERMENT ATICN
RUFMEN FERMENTATICN
RUNMEN FERMENTATICN CATA 1960. PREDICTI
RUMEN FERMENTATICN IN EURDPEAN AND ZEBU CATTLE
RUMEN FERMENTATICN METHOC /F THE NUTRITIVE VALUE

1966. EFFECT OF PH
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1964, COMPARISON OF IN VITRO
1965. INDICES OF EFFICIENCY OF
1966, COLLABCRATIVE IN VITRQ
1966, THE DEVELOPMENT AND APPLICATION OF IN VITRO
SYMPOSIUM DN MICROBIAL DIGESTION IN RUMINANTS - IN VITRO
AGE DIGESTIRILITY AND INTAKE . 1965, USE OF IN VITRC
1962, RELATION OF CERTAIN END PRODUCTS OF

EMICAL AND MICROSCOPIC COMPARISON OF IN VIV0D AND IN VITRG
TERIZATION OF SEVERAL CELLULOLYTIC BACTERIA FROM IN VITRO
BRANE AND CONTINUDUS FLOW TYPES OF APPARATUS FOR IN VITRO
1955, A SAMPLING TURE FOR

FLUENCE OF VARIDUS FACTORS UPON SURFACE TENSION ANC FH OF
BACTEROIDES-SUCCINOGENES TN THE VOLATILE ACIO FRACTICN OF
/TATIONS OF THE TECHNIQUE OF SUSPENDING FCOODSTUFFS IN THE
1964, A MICRO ARTIFICIAL

HUBERG 1966, CULTURE OF THE
N IN RUMEN I/ 1943, THE UTILIZATION OF UREA IN THE BOVINE
£P  IX. THE EFFECT OF PH ON THE CILIATE POPULATION NFf THE
VINE RUMEN III1. THE SYNTHESIS AND BREAKDOWN OF PROTEIN IN
ER AND CELLULOSE DIGESTIRILITY AND PROD/ 1962. ARTIFICIAL
N VITRO AND IN VIVO MEASURES OF DIGESTI/ 1962. ARTIFICIAL
S ON THE PRODUCTION OF VOLATILE FATTY ACIDS FROM GRASS BY
1956. PROTEOLYSIS BY

1962. ENUMERATICN OF

JA FOR ESTABLISHING THE VALIDITY OF IN VITRO STUDIES WITH
LEMENTS 195%. RESPONSE BY
R CHANGES IN THE INGREDIENT COMPOSITIONS OF THE RATICN ON
EP 1956« RUMEN STUDIES IN SHEEP. 1. VARIATICN IN
1964%. EFFECTS OF ESSENTIAL OILS OF SAGEBRUSH ON DEER
1962, SOME FACTYORS INFLUENCING THE

MODIFICATIONS OF A DEVICE FOR MAINTENANCE OF THE
1961, SOME ASPECTS OF

A PRELIMINARY REPOART ON THE STUDY OF FACTORS INFLUENCING
1956, IN VIVG AND IN VITRO NUTRITIONAL REQUIREMENTS (OF
1965. CELLULASE FROM RUMINOCCOCUS ALBUS AND MIXED

1961« EFFECT OF HEATING STARCH ON ITS DIGESTICN 8Y

. THE EFFECT OF THIMET ON IN VITRO CELLULOSE DIGESTION BY
T OF GAMMA RADIATION ON THE UTILIZATION OF WHEAY STRAW BY
OF DIET ON THE ACTIVITY OF SEVERAL ENZYMES IN EXTRACTS OF
ITY OF THE NITRGGEN IN SOME AMMONIATED PRODUCTS TO BOVINE
THE STUDY OF CELLULOSE DIGESTION BY WASHED SUSPENSIONS OF
RCH ON THE DIGESTION DF CELLULOSE IN VITRO AND IN VIVO BY
ERVATIONS UPON FACTORS INFLUENCING CELLULOSE DIGESTICN BY
ORTETRACYCLINE FEEDING ON IN VITRO CELLULOSE CIGESTICN BY
ER EXTRACTS OF FORAGES ON IN VITRDO CELLULCSE DIGESTICN BY
/ARISON JF UREA AND PROTEIN MEALS AS NITROGEN SOURCES FOR
FFERENT CHEMICAL FORMS ON IN VITRO CELLULNSE DIGESTICN BY
S AND SOURCES OF ENERGY UPON IN VITRQ UREA UTILIZATION 8Y
THE NATURE OF PROTEIN INFLUENCES UPON UREA UTILIZATICN BY
NUTRITIVE VALUE FROM IN VITRO CELLULOSE DIGESTIBILITY By
CELLULOSE, STARCH, AND METABOLIC INTERMEDIATES BY BCVINE
WITHOUT AUREOMYCIN, ON IN VITRO DIGESTION OF CELLULCSE BY

FORAGE AS INFLUENCED BY 7/

P64,

ERY BY PRODUCTS J954. IN VITRO CELLULQSE DIGESTICN BY
VITRO 1958. MINERAL REQUIREMENT OF
LOowWw SYSTEM ON A PROTEIN-FREE DIET 1958. GROWTH OF

1961. ACTIVITIES OF ORIED

OF DIGESTION OF THE CELLULOSE OF SOME PLANT FRACTIONS BY

ELLULOSES AND FORAGE CELLULGSES ON THEIR DIGESTIBILITY BY
DURING THE DIGESTION OF GLUCOSE, STARCH AND CELLULOSE BY

ICATION JN THE DIGESTION OF CELLULOSE IN FORAGE PLANTS BY
STARVATION AND SURSEQUENT REFEEDING ON SOME ACTIVITIES OF
ZVOLUME DF INDCULA ON THE IN VITRG CELLULNSE DIGESTICN BY
STEM 1962. IN YITRO STUDIES OF
/ CHANGES IN THEZ CONCENTRATIONS OF MICRO-NDRGANISMS IN THE
E  1962. TISDLATION OF SAPONIN DIGESTING BACTERIA FROM THE
ELLULOLYTIC ACTIVITY OF PURE STRAINS OF BACTERIA FRQ¥ THE
TITATIVE SAMPLING (N STUDIES OF DIGESTION IN THE RETICULG
3. NUMBERS AND SOME PREDOMINANT GROUPS DOF BACTERTA IN THE
ALIMENTARY TRACT OF LIVESTOCK TI. BACTERIAL FLORA IN THE
METABOLISM OF THE SQOLUBLE CARBOHYDRATES OF GRASSES [N THE
FEAMENTATION OF CELLULOSE IN VITRO BY ORGANISMS FROM THE

LATION OF A BACTERIUM, PRODUCING PROPIONIC ACID, FROM THE
FFECT OF PH AND OF GLUCOSE ON AMMONIA ACCUMULATION IN THE
E PREDOMINANT TYPE GF CELLULGSE DIGESTING BACTERIA IN THE
INFLUENCING METABDLISM AND PROTOZOA CONCENTRATIONS IN THE
THE SIGNIFICANCE OF THE BACTERIA AND THE PROTOZOA OF THE

19u5-19h6. THE FERMENTATION OF CARBOHYDRATES IN THE

CH AND NIYRDGEN LEVELS FOR MAXIMUM CELLULOSE DIGESTICN BY
S AND S5TANDARDIZATION OF METHODS 1962+ STUDIES ON
AND THE EFFECTS OF VOLATIL/ 1958. STUDIES ON YHE IN VITRO
N AND AMONG TRTAL VARTABILITY OF THE WISCONSIN ARTIFICIAL
/ OF FORAGES IN THE LABORATORY 11. SIMPLIFIED ARTIFICIAL
THE RETICULD-RUMEN, I11. FLUCTUATIONS IN THE NUMBERS OF
196L. RATION CHARACTERISTICS INFLUENCING

ICROBIAL END-PRODUCTS (N FREE-GRAZING SHESLP 1956,
1963, AN ARTIFICTAL

TUDIES WITH RUMEN MICRO-ORGANISMS IN SO-CALLED ARTIFICIAL
OF FORAGES 1959. USE OF THE ARTIFICIAL
TIBLE ENERGY OF FO/ (1958, THE ADAPTATION OF AN ARTIFILIAL
LUE OF DIFFERENT RATION CON/ 1962, AN IN VITRO ARTIFICIAL
1960. & COMPARISCN OF ARTIFICIAL

NS ON THE USE OF TOYAL GAS PRODUCTION FROM THE ARTIFICIAL
THE EFFECTS OF DIET UPON THE PRODUCTION AND RECYCLING OF
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FERMENT AT ICN METHODS

FERMENTATION OF SHEEP GRAZING DESERT RANGE
FERMENTATICN STUDIES ON FORAGE SUBSTRATES
FERMENT ATICN TECHNIQUES

FERMENT ATICON TELCHNIQUES 1963,
FERMENTATICN TECHNIQUES FOR ESTIMATING FOR
FERMENTATICN TO FORAGE FEEDING VALUL
FERMENT AT ICNS 1961« BIOCH
FERFENTATICNS 1953. ISOLATION AND CHARAC
FERMENTATEICNS /LL GLASSy SEMIPERMEABLE MEM

FLUTD
FLulo 1257. THE IN
FLUID /ACTORS NECESSARY FOR THE GROWTH OF

FLCR DETERMINATION OF THE PARTICULAR MICRO/
FCR ISOYOPIC EXPERIMENTS

HCLOTRICH CILIATE CASYTRICHA RUMINATIUM SC
II1. THE SYNTHESTIS AND BREAKDOWN OF PROTER
IN VIVO / RUMINAL FLORA STUDIES IN THE SHE
INGESTA /THE UTILIZATION OF UREA IN THE 8O
INVESTIGATICNS 1. VARIABILITY OF DRY MATT
INVESTIGATIONS [I1. CORRELATIONS BETWEEN I
LIQUOR IN AN ARTIFICIAL RUMEN 19537. STUDIE
MICRO-ORGANISMS

MICRO-ORGANTISMS

MICRO-~-ORGANISMS IN SO-CALLED ARTIFICIAL R/
MICROBES TC PHOSPHORUS FROM DIFFERENT Syupp
MICROBTI AL ACTIVITY 1959. EFFECT OF MINC
MICROBIAL ENE-PRODUCTS IN FREE-GRAZING SHE
MICROBT AL FUNCTION

MICROBI AL POPULATION

MICROBIAL POPULATION IN CONTINUOUS CULTURE

MICROBIOLOGY {956~1260

MICROFL.ORA 1946,
MICROCRGANISMS

MICROCRGANISMS

MICROORGANISMS

MICROORGANTISMS 1961
MICROORGANISMS 1962. EFFEC
MICROORGANISMS 1965. EFFECT

MICROCRGANISMS 1959. AVATLABIL
MICROCRGANISMS 1955. A METHOD FOR

MICROORGANTSMS 1941. EFFECT OF STA
#ICROORGANISMS 1950.PRELIMINARY OBS
MICROORGANISMS 1956. THE EFFECT OF CHL
MICROORGANISHS 1964, THE EFFECTS OF wWaAT

MICROCRGANISMS ~ UREA UTILIZATION AND CEL/
MICROCRGANISMS /EFFECT OF PHOSPHORUS IN DT
MICROORGANISMS /LUENCE OF DIFFERENT AMOUNT
MICROORGANISMS /N VITRO DRBSERVATIONS UPON

MICROCRGANISMS /ND ALFALFA WHEN ESTIMATING
MICROORGANISMS /ORT CHAIN FATTY ACIDS FROM
MICROORGANISMS /S5 OF FEEDSTUFFS, WITH AND

MICROORGANISMS AND ITS STIMULATION BY FISH
MICROCRGANISMS FOR CELLULOSE DIGESTION IN

MICROORGANISMS IN AN IN VITRO CONTINUOUS F
MICROCRGANISMS IN VITRO

MICROCRGANISMS IN VITRO 1958, THE RATES
MICROCRGANTSMS IN VITRO /IES OF PURIFIED C
MICROCRGANISMS IN VITRO /S OF VALERIC ACID
MICROCRGANISMS IN VITRO /TURITY AND LIGNIF
MICROCRGANISMS 1M VITRO /8. THE EFFECT OF

MICROCRGANISMS SUPPDRTED BY NUTRITIONALLY/
MICRCORGANISMS, USING A CONTINUOUS FLOW SY
OF A SHEEP FED A LIMITED RATION EVERY THR/
OF BLOATING CATTLE ON LADIND CLOVER PASTUR

OF CATTLE 1963. THE C
OF CATTLFE / ANC RETURN OF DIGESTA FOR QUAN
OF COWS FED DIFFERENY RATIONS 195

OF COWS FEC CIFFERENT RATIONS /ORA IN THE

OF SHEEPR 1960.

CF SHEEP 1948, THE
OF SHEEP 1951. IS0
OF SHEEP 1959, IN VITRD STUDIES ON THE E
OF SHEEP /. EFFECT OF CHANGE OF DIET ON TH

OF SHEEP /C ASSOCIATED EFFECTS AS FACTORS
OF THE BOVINE 19484,
OF THE SHEEP

CRGANIS™MS IN VITRO

1961.CELLULOSE, STAR

PHYSICLOGY T. GROWTH OF FISTULATED ANIMAL
PROCEDURE ~ IMPROVED INOCULUM PREPARATION
PROCEDURE /ES IN THE LABORATORY IV, WITHI

PROCEDURE FCOR OBTAINING REPEATABLE ESTIMAS
PROTOZOA ANC THEIR POSSIBLE ROLE IN BLOAT

PROTOZOAL PCPULATIONS

STUDIES IN SHEEP. [. VARJATION IN RUMEN M
SYSTEM FOR RANGE NUTRITION STUDIES

SYSTEMS /ISHING THE YALIDITY OF IN YITRO S
TECHNIQUE YO ESTIMATE THE NUTRITIVE VALUE

TECHNIQUE TG THE ESTIMATION OF GROSS DIGES
TECHNIGQUE, WITH STUDIES ON THE RELATIVE VA
TECHNIQUES

TO SSTIMATE ALFALFA HAY QUALITY /BSERVATIO
VOLATILE FATTY ACIDS /VITRO TECHNIQUES AND



NFLUENCING METASBOLISM AND PROTOZOA C/ 1966. VARIATIONS IN
SHEEP DIFFERFNCES 1966,
JETRIC METHDD FOR THE EVALUATION OF MICROBIAL ACTIVITY OF
E FATTY ACIDS FROM GRASS BY RUMEN LIQUOR [N AN ARTIFICIAL
ANCE OF DIFFERENT SPECIES OF CELLULOLYTIC BACTERIA IN THE
F MEASURING THE DIGESTION OF FODDERS IN VITRO (ARTIFICIAL
L CHANGES IN THE CONCENTRATIONS OF MICRO-ORGANISMS IN THE
/ CHANGES [IN THE CONCENTRATIONS OF MICRO-ORGANISMS TN THE
NAL VA/ 196t. AN IMPROVED NONSELECTIVE CULTURE MEDIUM FOR
1964. THE APPLICATION OF CALORIMETRY TO THE STUCY OF

CT OF PH ON THE CILIATE POPULATION OF THE RUMEN IN/ 1959.
MERINO SHEEP IN SOUTH AFRICA XVI. THE FATE OF NITRATE IN
IES OF THE INDIGENQUS FLORA 1960. SOME ASPECTS OF
0 ACTIVITY AS AFFECTED BY RATION CHANGE AND SEASON 19460.
1961. DIGESTIVE PHYSIOLOGY AND NUTRITION OF THE

19u4. DIGESTION IN THE

1949 .

LUM DONOR, COLLECTION DAY, AND FERMENTATION TIME 1966.
ION BETWEEN INOCULUM DONCR DIET AND SUBSTRATE IN IN VITRG
1958, ISOLATION AND CHARACTERIZATION OF METHANOBACTERIUM

AS A MEASURE OF THE DIGESTIBILITY OF FORAGE CELLULOSE IN

SURING PHOSPHORUS AVAILABILITY OF FEED SUPPLEMENTS FED TO
C BACTERIA ACT/ 1963. SYMPOSIUM ON MICROBIAL DIGESTION IN
kS 1963. SYMPOSIUM ON MICROBIAL DIGESTION IN
/N FACTORS INFLUENCING THE VOLUNTARY INTAKE OF HERBAGE BY
1966, CULTURE OF THE RUMEN HOLOTRICH CILIATE DASYTRICHA

S 1965. CELLULASE FROM
/. THE DIGESYIBILITY OF THE LEAVES AND STFMS OF PERENNIAL

GANIC NITROGEN TO PROTEIN BY MICRO-ORGANISMS FROM THE COW
LYTIC ACTIVITY OF THE HEART BEAT OF / 1958. THE ACTICN QF
1964. EFFECTS OF ESSENTIAL QILS OF

AL RYEGRASS, COCKSFOOT, TIMOTHY, TALL FRSCUE, LUCERNE AND
1948, THE COMPOSITION AND CUTBUT OF SHEEPS

/ I. TOTAL REMOVAL AND RFTURN OF DIGESTA FOR QUANTITATIVE
1755, A

ATING CATTLE ON LADINO CLOVER PASTURE 1942, ISDLATICN OF
CARBOHYDRATES AND LACTATE ON A DIET OF LUCERNE ( MEDICAGO
TURE OF THE RUMEN HOLOTRICH CILIATE DASYTRICHA RUMINATIUM
RE AND IN ¥ITRO ACTIVITY AS AFFECTED BY RATION CHANGE AND
ITION AND IN VITRO DIGESTIBILITY OF FORAG- AS AFFECTED BY
ANICAL COMPISITION, AND IN VITRO DIGESTIBILITY OF HERBAGE
AL ECOLOGY OF THE RUMEN 1960. SYMPQSIUM —
OF APPARATUS FOR [/ 1960. A COMPARISON OF THE ALL GLASS,

46. THE FERMENTATION OF CARBOHYDRATES IN THE RUMEN OF THE
M QF THE SOLUBLF CARBOWYDRATES OF GRASSES IN THE RUMEN OF
TION OF CELLULOSE IN VITRG BY ORGANISMS FROM THE RUMEN OF
A RACTERTIUY, PRODUCING PRQOPIONIC ACID, FROM THE RUMEN OF

CATIONS AND CORN OIL ON CRUDE CELLULOSE DIGESTIBILITY BY

VARTATION IN RUMEN MICRORIAL END-PRODUCTS IN FREE-GRAZING
TY OF SOME MAJOR CONSTITUENTS OF THE SUMMER DIET OF RANGE
TY OF SOME MAJOR CONSTITUENTS OF THE SUMMER DIET OF RANGE
PH AND OF GLUCOSE ON AMMONIA ACCUMULATION [N THE RUMEN OF
RAGE, CLIPPED HERBAGE, AND STANDARD SAMPLES BY CATTLE AND
ATICON OF THE RUMEN IN/ 1959. RUMINAL FLCRA STUDIES TN THE
NANT TYPE OF CELLULOSE DIGESTING BACTERTA IN THE RUMEN OF
NG METABDLISM AND PROTOZOA CONCENTRATIONS IN THE RUMEN OF
IGESTIBILITY OF HERBAGE SELECTED BY ESOPHAGEAL-FISTULATED
196b. RUMEN VOLUME AS A FACTOR INVOLVED IN INDIVICUAL

N THE CONCENTRATIONS OF MICRO-ORGANISMS IN THE RUMEN OF A
IN THE CONCENTRATIONS OF MICRC-ORGANISMS [N THE RUMENS OF
IN THE CONCENTRATIONS OF MICRO-ORGANISMS [N THE RUMENS OF
BY / 1965, INDICES OF €FFICIENCY OF RUMEN FERMENTATICN OF
ICN TECHNTQUES 1964, VARTATIONS AMONG CATTLE AND
IN R/ 1949, STUDIES ON THE ALIMENTARY TRACT OF THE MERINO
RIZATION OF A HEMICELLULOSE FERMENTING BACTERIUM FRCM THE
UCTS IN FREE-GRAZING SHEELP 1956. RUMEN STUCIES IN
/9664 AN EVALUATION OF PASTURE QUALITY WITH YOUNG GRAZING
19u8, THE COMPOSITION ANC OUTPUT OF

ION OF VOLATILE FATTY ACIDS 1946, THE APPLICATION OF THE
ALIGITY OF IN VITRO STUDIES WITH RUMEN MICRG-ORGANISNS IN
TEERS 1957. THE INFLUENCE OF
1964, A COMPARISON OF IN VITRO FERMENTATION AND CHEMICAL

ES IN THE LABDRATORY, V. COMPARISON OF CHEMICAL ANALYSES,
SHEEP 19560. MZTARQLISM QF THE

IN IN VITRD DIGESTIOMN TRIALS 1965, EFFFCT OF

[/ 1954. COMPARISON OF UREA AND PROTEIN MZALS AS NITROGEN
BY RUMEN ™/ 1951, THE INFLUENCE OF DIFFERENT AMOUNTS AND

/. STUDIES ON THE ALIMENTARY TRACT OF THE MERINO SHEEP IN
N AND CHARACTERIZATION OF METHANOBACTERIUM RUMINANTIUM N.
CUTTING TRE/ 19656, THE IN VITRO DIGESTIBILITY OF HERBAGE
65. POSSIHBLE FACTIRS INFLUENCING THE BALANCE OF DIFFERENT
ESTING 1963, APPLICATIONS OF THE TWO
ND VARTETIES AND ITS RELATIONSHIP WITH CUTTING TREATMENT,
TION OF CELLULOSE IN FORAGE PLANTS B/ 1958, THE EFFECT OF
RAGE CROPS 1963. A TWC
STIBILITY OF WHOLE GRASSFS AND THEIR PARTS AT PROGRESSIVE
Ny NUTRIENT DIGFSTIBILITY / 1941. EFFECT CF FOUR MATURITY
1962. INTER-LABORATORY IN VITRO STULY OF

RODIGESTION OF GRAZED ANNUAL FORAGE, CLIPPED HERBAGE, AND
ON RUMEN PHYSIOLOGY 1. GROWTH OF FISTULATED ANIMALS AND

66

RUMEN VOLUME AND ASSOCIATED EFFECTS AS FACTORS I
RUMEN VOLUME AS A FACTOR INVOLVED IN INDIVIDUAL

RUMEN WITH APPLICATION TCO UTILIZATION OF CELLUL/
RUMEN 1957. STUDIES QN THE PRODUCTION OF VOLATIL
RUMEN 1965. POSSIBLE FACTORS INFLUENCING THE BAL
RUMEN} /N ATTEMPT TO STANDARDIZE THE TECHNIQUE ©
RU¥ENS OF SHEEP FEL LIMITED DIETS ONCE DAILY /NA
RUMENS OF SHEEP FED TQ APPETITE IN PENS QR AT P/
RUMINAL BACTERYTA ANC ITS USE IN DETERMINING DIUR
RUMINAL FERMENTATION IN VITRO

RUMINAL FLORA STUCIES IN THE SHEEP IX, THE EFFE
RUMINAL INGESTA AS STUDIES IN VITRO /ACT OF THE

RUMINAL METABOLISM REVEALED BY PURE CULTURE STUD
RUMINAL VARIATION IN PH, TEMPERATURE AND IN VITR
RUFINANT

RUMINANT

RUNINANT DIGESTICON

RUMINANT DIGESTICON IN VITRO AS AFFECTED 8Y INOCU
RUNINANT DIGESYICN STUDIES 1966. INTERACT
RUMINANTIUM N. SP. .

RUMINANTS 1959. CELLULOSE DIGESTION IN VITRO
RUMINANTS 1956. A LABORATORY TECHNIQUE FOR MEA
RUFMINANTS ~ IDENTIFICATION OF GROUPS OF ANAEROBI
RUMINANTS -~ IN VITRO RUMEN FERMENTATION TECHNIQU
RUMINANTS — VOLUNTARY INTAKE IN RELATION 7O CHE/
RUMINATIUM SCHURERG

RUMINCCCOCUS ALRUS ANC MIXED RUMEN MICROORGANISHM
RYEGRASS, COCKSFCOT, TIMOTHY, TALL FESCUE, LUCE/

S

S RUHMEN toun. THE IN VITRO CONVERSION OF INCR
SACCHARIDE, IN VITRO AND IN VIVO, ON THE CELLULOD
SAGEBRUSH ON DEER RUMEN MICROBIAL FUNCTION
SAINFOIN, AS MEASUREC BY AN IN VITRO PROCEQURE /
SALIVA

SAMPLING IN STUCIES OF CIGESTIQN IN THE RETICUL/
SAMPLING TUBE FOR RUMEN FLUID

SAPCNIN DIGESTING BACTERIA FROM THE RUMEN OF RLO
SATIVA ) HAY / THE FUNCTIONAL GROUPS FERMENTING
SCHUBERG 19466, CUL
SEASCN  1960. RUMINAL VARIATION IN PH, TEFPERATU
SEASON IN NORTHERN ONTARIO 1966. CHEMICAL COMPOS
SELECTED BY ESOPHAGEAL-FISTULATED SHEEP /ON, BOT
SELECTED TCPICS IN MICROBIAL ECOLOGY 1. MICROBI
SEMIPERMEABLE MEMBRANE AND CONTINUOUS FLOW TYPES

SHEEP 19u5-19
SHEEP 960. METABOLIS
SHEEP 1948, THE PERMENTA
SHEEP 1951. ISOLATICON OF
SHEEP 1961. EFFECT OF VARIOUS
SHEEP 1956, RUMEN STYDIES IN SHEEP. 1.

SHEEP 1961. COMPARATIVE IN VITRO DIGESTIBILI
SHEE®P 1961. CCMPARATIVE IN VIVRO DIGESTIBILI
SHEEP i959. IN VITRO STUDIES ON THE EFFECT OF

SHEEP 1964, MICRODIGESTION OF GRAZED ANNUAL FO

SHFEEP IX. THE EFFECT OF PH ON THE CILIATE PQPUL
SHEEP /. EFFECT Cf CHANGE OF DIET ON THE PREDOMI
SHEEP /D ASSOCIATED EFFECTS AS FACTORS INFLUENCT
SHEEP /CN, BOTANICAL COMPOSITION, AND IN VITRO D
SHEEP DIFFERENCES

SHEEP FED A LIMITED RATION EVERY THREE HOURS £ I
SHEEP FED LIMITEL DIETS ONCE DAILY /NAL CHANGES

SHEEP FED TC APPETITE IN PENS DR AT PASTURE /€S

SHEEP GRAZING CESERT RANGE FORAGE AS INFLUENCED

SHEEP IN DIGEST{VE POWER MEASURED BY MICRODIGEST
SHEEP IN SOUTH AFRICA Xvl. THE FATE OF NITRATE

SHEEP RUMEN 1961. ISOLATION AND CHARACTE
SHEEP. I. VARIATION IN RUMEN MICROBTAL END-PROD
SHEEP, T1. CHEMICAL COMPOSITICN, BOTANICAL COM/
SKEEPS SALIVA

SILICA GEL PARTITICN CHROMATOGRAM TO THE ESTIMAT
SG~CALLED ARTIFICIAL RUMEN SYSTEMS /ISHING THE V
SCDIU¥ BENTONITE IN VITRO AND IN THE RATION OF §
SOLUBILITY METHOCS IN ESTIMATING FORAGE NUTRITIV
SCLUBILITY TESTS, AND IN VITRG FERMENTATICN /RAG
SCLURLE CARBOHYCRATES OF GRASSES IN THE RUMEN OF
SCURCE CF INOCULUM ON DIGESTIBILITY OF SUBSTRATE
SCURCES FOR RUMEN MICROORGANISMS ~ YREA UTILIZAT
SCURCES CF ENERGY UPON IN VITRO UREA UTILIZATION
SCUTH AFRICA XvI. THE FATE OF NITRATE IN RUMIN/
5P. 1958. TSOLATIOC
SPECIZS AND VARIETIES AND ITS RELATIONSHIP WITH

SPECIES CF CELLULCLYTIC BACTERIA IN THE RUMEN 19
STAGE IN VITRO CIGESTIBILITY METHOD TQ VARLIETY T
STAGE CF GROWTH ANC CHEMICAL COMPOSITION /CIES A
STAGE OF MATURITY ANDC LIGNIFICATION ON THE DIGES
STAGE TECHNIQUE FOR THE IN VITRO DIGESTICN OF FO
STAGES CF MATURITY 1963, THE IN VITRO DIGE
STAGES CF TIMGCTHY HAY ON ITS CHEMICAL COMPOSITIO
STANDARD FORAGES

STANDARD SAMPLES BY CAYTLE AND SHEEP
STANDARCIZATICN CF METHOCS

1964, MIC
1962. STUDIES
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TION OF FODDERS IN VITRC (ARTIFICIAL/ 1965. AN ATTENPT TO
JNTHESIS OF VALTRIC ACID DURING THE DIGESTION OF GLUCCSE,
NIGESTION BY RUMEN ORGANISMS IN VITRO 1961 . CELLULCSE,
1962. ADAPTATION OF AN IW VITRO SYSTEM TQ THE STULY CF
1961, EFFECT OF HEATING

O IN VIVO BY RUMEN MICROORGANISMS 1961. EFFECT OF
/65. FORMATION NF SHORT CHAIN FATTY ACIDS FROM CELLULCSE,
VITIES OF RUMEN MICROCRGANISMS IN VI/ 19538, THE EFFECT .OF
FLUENCE OF SODIUM RENTONITE IN VITRO AND IN THE RATICN OF
TALL FESCUE, / 1964. THE DIGESTIBILITY OF THE LEAVES AND
VITRO CELLULDSE DIGESTION 8Y RUMEN MICROGRGANISMS ANC ITS
1963, THE CELLULOLYTIC ACTIVITY OF PURE

TA OF THE BOVINE RUMEN 1956.
62, EFFECT OF GAMMA RADTATION ON THE UTILIZATION OF WHEAT
1961, A

D CAECUM ) WITH SPECIAL REFERENCE TO THE DECOMPOSITICN OF
1965. EFFECT OF SOURCE OF, INOCULUM ON DIGESTIBILITY OF
1966, INTERACTION BETWEEN INOCULUM DONOR DIET AND
LLABORATIVE IN VITRO RUMEN FERMENTATION STUDIES ON FORAGE
TERTIA 1950. THE DECARBOXYLATION OF
IN VITRD DIGESTIBILITY OF SOME MAJOR CONSYITUENTS OF THE
IN VITRO DIGESTIBILITY OF SOME MAJOR CONSTITUENTS OF THE
. RESPONSE BY RUMEN MICROBES TO PHOSPHORUS FROM OIFFERENT
Y TECHNIQUE FOR MEASURING PHOSPHORUS AVAILABILITY OF FEED
1ON OF SHEEP GRAZING DESERT RANGE FORAGE AS INFLUENCED BY
THE IN VITRO CELLULQSE DIGESTION 8Y RUMEN MICRODRGANISMS
1957. THE INFLUENCE OF VARIOUS FACTORS UPON

TION OF THE PA/ 1963. THE LIMITATIONS OF THE TECHNIQUE OF
F953. CAYABOLIC REACTIONS OF MIXED

1950. THE GECARBOXYLATION OF SUCCINIC ACID BY WASHED

« A METHOD FOR THE STUDY OF CELLULOSE DIGESTION 8Y WASHED
1952. RUMEN AND CAECAL MICRODRGANISHS AS

1946, THE

1. MICROBTIAL ECOLOGY OF THE RUMEN 1960 .
NTAKE OF HERBAGE BY RUMINANTS - VOLUNTARY INTAKE I/ 1965.
IN VITRO RUMEN FERMENTATION TECHNIQUES i963.
IDENTIFICATION OF GROUPS OF ANAEROBIC BACTERTA ACT/ 1963.
/43, THE UTILIZATION OF UREA IN THE BOVINE RUMEN TIl. THE
SYNTHESIZED MATERIAL AND THE CORRELATION BETWEEN PROTEIN
F GLUCOSE, STARCH AND CELLULO/ 1958. UTILIZATION AND / QR
/ON OF UREA IN THE BOVINE RUMEN 1V. THE ISOLATION OF THE

/VES ANMD STEMS OF PERENNTAL RYEGRASS, COCKSFOOT, TIMOTHY,
N la THE COMPOSITION OF THE POPULATION O% A DIET OF POOR
RATION CHANGE AND SEASON  1960. RUMINAL VARIATION IN PH,
1957 THE INFLUENCE OF VARIOUS FACTGRS UPON SURFACE
MPQSITION OF CELLULOSE — WITH SPECIAL RFFERENCE TO COYTON
ON THE DETERMINATION OF THE DIF/ 1964. NUTRITIVE VALUE OF
MICROORGANISMS 1964, THE EFFECT OF
ECTED BY INOCULUM DONOR, COLLECTIGN DAY, AND FERMENTATION
T DIGESTIBILITY / 1961. EFFECT OF FOUR MATURITY STAGES OF
JF THE LEAVES AND STEMS OF PERENNIAL RYEGRASS, COCKSFOOT,
Y OF THE RUMEN 1960. SYMPOSIUM - SELECTED
SITION 19465. OBRSERVATIONS ON THE FLORA OF THE ALIMENTARY
1D CONCENTRATIONS ANMD PROPORTIONS IN THE GASTROINTESTINAL
THE BACTE/ 1960. STUDIES ON MICROFLORA IN THE ALIMENTARY
UMEN QF CO/ 1967. STUDIES ON MICROFLORA IN THE ALIMENTARY
THE FATE OF NITRATE IN R/ 1949. STUDIES ON THE ALIMENTARY
ETERMINATION OF THE DIF/ 196L. NUTRITIVE VALUE OF THEMEDA
GESTION OF CELL WaLLS 1966. ESTIMATION COF THE
1955. A SAMPLING

/ THE RELATIONSHIP OF IN VITRO CELLULOSE DIGESTIBILITY OF
UMEN MICROORGAN ISMS - UREA UTILIZATI/ 195u4. COMPARISCN OF
UREA TO AMMONIA F943. THE UTILIZATICN OF
HE SYNTHESIZED MATERJAL AND THE/ 19%4. THE UTILIZATICN OF
BREAKDOWN OF PROTEIN IN RUMEN 1/ 1943, THE UTILIZATION OF
IATION OF UREA IN THE BOVINE RUMEN Il. THE CONVERSICN OF
TEIN MEALS AS NTYTROGEN SOURCES FOR RUMEN MICROORGANISMS -~
OF DIFFERENT AMOUNTS AND SQURCES OF ENERGY UPON IN VITRO
0 QRSERVATIONS UPON THE NATURE OF PROTEIN INFLUENCES UPON
ACID FORMATION 1956, THE ROLE OF CARBOHYDRATES IN

ARCH AND CELLULQ/ 1958. UTILIZATION AND / OR SYNTHESIS OF
GANISMS IN SO~CALLED/ 1956. CRITERIA FOR £STABLISHING THE
TAIN END PRODUCTS OF RUMEN FERMENTATION TO FORAGE FEEDING
RE FOR OBTAINING REPEATABLE ESTIMATES OF FORAGE NUTRITIVE
HEMTICAL SOLUBILITY MEYHODS IN ESTIMATING FORAGE NUTRITIVE
/ES BETWEEN GRASSES AND ALFALFA WHEN ESTIMATING NUTRITIVE
1966. ESTIMATION OF FORAGE NUTRITIVE

HEMICAL COMPOSITION, NUTRIENT DIGESTIBILITY AND NUTRITIVE
ENTATION DATA §1960. PREDICTION OF THE NUTRITIVE
NG AN IN VITRQ RUMEN F/ 19562. PREDICTION OF THE NUTRITIVE
ARTIFICIAL RUMEN TECHNIDUE, WITH STUDIES ON THE RELATIVE

STANDARDIZE THE TECHNIQUE OF MEASURING THE DIGES
STARCH AND CELLULOSE BY RUMEN MICRDORGANISMS IN/
STARCH AND NITROGEN LEVELS FOR MAXIMUM CELLULOSE
STARCH FERMENTATICN 8Y RUMEN BACTERIA

STARCH ON IT5 DIGESTION BY RUMEN MICROCRGANISMS
STARCH ON THE DICESTION OF CELLULOSE IN VITRO AN
STARCH, AND METARCLIC INTERMEDIATES BY BOVINE R/
STARVATICN AND SUBSEQUENT REFEEDING ON SOME ACTI
STEERS 1957. THE IN
STEMS OF PERENNIAL RYEGRASS, COCKSFOOT, TIMOTHY,
STIMULATION BY FISHERY 8Y PRODUCTS 1954, IN
STRAINS OF BACTERIA FROM THE RUMEN OF CATTLE
STRATIFICATIONS AND KINETIC CHANGES IM THE INGES
STRAW BY RUMEN MICROORGANISMS 19
STRINGENT TEST FOR THE ARTIFICIAL RUMEN
STRUCTURAL CELLULOSE /IGESTICN IN THE RUMEN { AN
SUBSTRATE IN IN VITRO DIGESTION TRIALS

SUBSTRATHE [N IN VITRQ RUMINANT DIGESTION STUDIES
SURSTRATES 1966. €O
SUCCINIC ACID BY WASHED SUSPENSIONS OF RUMEN BAC
SUMFER DIET OF RANGE SHEEP 1961« COMPARATIVE
SUMMER DIET OF RANGE SHEEP 19461, COMPARATIVE
SUPPLEMENTS 1959
SUPPLEMENTS FED TO RUMINANTS 1956. A LABORATOR
SUPPLEMENTS OF NITROGEN AND PHOSPHMORUS /ERMENTAT
SUPPCRTED BY NUTRITIONALLY INADEQUATE MEDIA /7 ON
SURFACE TENSICN ANC PH OF RUMEN FLUID

SUSPENDING FOODSTUFFS IN THE KUMEN FOR DETERMINA
SUSPENSICNS OF BOVINE RUMEN BACTERIA

SUSPENSTCNS OF RUNMEN BACTERIA

SUSPENSICNS OF RUMEN MICROORGANISMS 1955
SYMRICONTS

SYMBIOTIC UTILIZATION OF CELLULOSE

SYMPOSTUM - SELECTED TOPICS IN MICROBIAL £COLOGY
SYMPOSTUM ON FACTORS INFLUENCING THE VOLUNTARY I
SYMPGSIUM ON MICRGBIAL CIGESTION IN RUMINANTS -
SYMPCSTUM ON MICROARIAL DIGESTION IN RUMINANTS -
SYNTHESIS AND BREAKDOWN OF PROTEIN IN RUMEN ING/
SYNTHESIS AND MICRORIAL ACTIVITIES /ATION OF THE
SYNTHESIS OF VALERIC ACID DURING THE DIGESTION O
SYNYHESIZED MATERIAL ANO THE CORRELATION BETWEE/

T

TALL FESCUE, LUCERNE AND SAINFOIN, AS MEASURED /
TEFF HAY 1962, BACTERIA OF THE OVINE RUME
TEMPERATURE AND IN VITRO ACTIVITY AS AFFECTED RY
TENSION AND PH OF RUMEN FLUID

TEATILES 1951. MICROBIAL DECO
THEMEDA TRIANDRA 1. THE INFLUENCE OF VARTABLES

THIMET CON IN VITRC CELLULOSE DIGESTION BY RUMEN

TIME 1966. RUMINANT DIGESTION IN VITRO AS AFF
TEMOTHY HAY ON ITS CHEMICAL COMPOSITION, NUTRIEN
TIMOTHY, TALL FESCUE, LUCERNE AND SAINFOIN, AS /
TCPICS IN MICROBIAL ECOLQGY [. MICROBIAL ECOLOG
TRACT OF ANIMALS AND FACTORS AFFECTING ITS COMPO
TRACT OF FULL-FED BEEF HEIFERS /OLATILE FATTY AC
TRACT OF LIVESTCCK {. METHOD FOR THE CULTURE OF
TRACT OF LIVESTOCK [Il. BACTERIAL FLORA IN THE R
TRACT OF THE MERINO SHEEP IN SOUTH AFRICA XVI.

TRIANDRA 1. THE TMFLUENCE OF VARIABLES ON THE D
TRUE DIGESTIBILITY OF FORAGES BY THE IN VITRQ OI
TUBE FOR RUMEN FLUIC

U

UNDRIED AND ORIEC MIXEDR FORAGES TO THEIR IN VIV/
UREA AND PROTEIN MEALS AS NITROGEN SOURCES FOR R
UREA IN THE BOVINE RUMEN 1l. THE CONVERSION OF

UREA IN THE BOVINE RUMEN IV, THE ISOLATION OF T
UREA IN THE BOVINE RUMEN [I1. THE SYNTHESIS AND

UREA TO AMMONIA 1943, THE UTILI
UREA UTILIZATION AND CELLULOSE DIGESTIGN /ND PRO
UREA UTTLIZATION BY RUMEN MICROORGANISMS /LUENCE
UREA UTILIZATION BY RUMEN MICROORGANISMS /N VITR
UREA UTTLIZATION, CELLULOSE DIGESTION, AND FATTY

A

VALERIC ACID DURING THE DIGESTION OF GLUCOSE, ST
VALIDITY OF IN VITRO STUDIES WITH RUMEN MICRO-OR
VALUE 1962, RELATICN OF CER
VALUE / 1i. SIMPLIFYED ARTIFICIAL RUMEN PROCEDU
VALUE /COMPARISON OF IN VITRO FERMENTATION AND €
VALUE FROM IN VITRO CELLULOSE DIGESTIBILITY BY /
VALUE FROM IN VITRO CELLULOSE DIGESTION

YALUE INDEX /RITY STAGES OF TIMOTHY MAY ON ITS €
VALUE INDEX OF A FDRAGE FROM IN VITRD RUMEN FERM
VALUE INDEX OF FORAGES FED CHOPPED OR GROUND USI
VALUE OF DIFFERENT RATION CONSTITUENTS /IN VITRO

195
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156
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21
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21
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HE ARTIFICIAL-RUMEN TECHNIQUE OF ESTIMATING THE NUTRITIVE

COMPARISON OF DIFFERENT METHODS WHICH ESTIMATE
THE ARTIFICIAL RUMEN TECHNIQUE TO ESTIMATE THE

NUTRITIVE
NUTRITIVE

AND USE OF CHEMICAL METHODS FOR DETERMINING THE NUTRITIVE
VITRO ENZYME DIGESTION TECHNIQUE TO PREDICT THE NUTRITIVE

1966,
ARTABLES ON THE DETERMINATION OF THE DIF/
ILITY AND PROD/ 1962.

1964,
ARTIFICIAL RUMEN INVESTIGATIONS

BIOASSAYS FOR NUTRITIVE
NUTRITIVE

1.

/0F FORAGES IN THE LABORATORY Iv. WITHIN AND AMONG TRIAL
1960. EFFECT OF SEVERAL
/NUTRITIVE VALUE OF THEMEDA TRTIANDRA 1. THE INFLUENCE OF

1966.
CATIONS OF THE TWO STAGE IN VITRO DIGESTIBILITY METHCD
1951, THE MECHANISM OF PROPIONIC ACID FORMATICN

1961. ACTIVITIES OF DRIED RUMEN MICROORGANISNMS

REMENT OF RUMEN MICROORGANISMS FOR CELLULOSE DIGESTION
ON OF CALORIMETRY TO THE STUDY OF RUMINAL FERMENTATION
LULOSE NF SOME PLANT FRACTIONS 8Y RUMEN MICROORGANISMS
ELS FOR MAXIMUM CELLULOSE DIGESTION BY RUMEN ORGANISMS
2E THE TECHNIQUE OF MEASURING THE DIGESTION OF FODDERS
XV1. THE FATE OF NITRATE I[N RUMINAL INGESTA AS STUDIES
GESTION AND VOLATILE FATTY ACID PRODUCTION IN VIVO ANC
LULOSES ON THEIR DIGESTIBILITY BY RUMEN MICROORGANISHKS
GLUCOSE, STARCH AND CELLULOSE BY RUMEN MICROORGANISKFS
OF CELLULOSE IN FORAGE PLANTS BY RUMEN MICROORGANISHFS
T REFEEDING ON SOME ACTIVITIES OF RUMEN MICROORGANISHS

SEASON 963, RUMINAL VARIATION IN PH, TEMPERATURE AND
1957. THE INFLUENCE OF SODIUM BENTONITE

1960. A COMPARISON OF CELLULOSE DIGESTICN

1961, EFFECT OF STARCH ON THE DIGESTION OF CELLULOSE

JFICTAL RUMEN INVESTIGATIONS Il. CORRELATIONS BETWEEN
OF THE HEART BEAT Of / 1958. THE ACTION OF SACCHARIDE,
N THE RELATIVE VALUE OF DIFFERENT RATION CON/ 1962. AN
£ CELLULOSE IN RUMINANTS 1959, CELLULCSE DIGESTICN
DAY, AND FERMENTATION TIME 1966. RUMINANT DIGESTION
/FECTS OF CALCIUM TO PHOSPHORUS RATIOS ANC LEVELS UPCN

1948, THE FERMENTATION OF CELLULOSE
/SSES AND ALFALFA WHEN ESTIMATING NUTRITIVE VALUE FRQM
UMES 1965, RELATIONSHIP OF LIGNIFICATION TC
ED MIXED FORAGES TO THEIR [/ 1962. TWHE RELATIONSHIP OF

1966, ESTIMATION OF FORAGE NUTRITIVE VALUE FRCM

/THE EFFECTS OF VARTATIONS IN VOLUME OF INOCULA ON THE
/. EFFECT OF PHOSPHORUS IN OIFFERENT CHEMICAL FORMS CN
S 1964, THE EFFECT OF THIMET CN
S 1956, THE EFFECT OF CHLORTETRACYCLINE FEEDING ON
S AND 1TS STIMULATION BY FISHERY BY PRODULCTS 1954,
5 1964, THE EFFECTS OF WATER EXTRACTS OF FORAGES CN
ESTIBILITIES OF FORAGES [964. SIMPLIFIED TECHNIQUE FCR
TEY 1958, GROWTH OF RUMEN MICROORGANISMS IN AN
N BY MICRO-ORGANISMS FROM THE COW S RUMEN 1940. THE
PLANY-BREEDING STUDIES 1966. A MODIFIED MFTHOD FOR THE
1963. APPLICATIONS OF THE TWQ STACE

SON IN NORTHERN ONTARIO 1966. CHEMICAL COMPOSITION AND
/ I1. CHEMICAL COMPOSITION, BOTAN[CAL COMPGOSITION, ANEC
TIES AND ITS RELATIONSHIP WITH CUTTING TRE/ 19646. THE
= AN INVESTIGATI/ 1966. THE ROUTINE DEYERMINATION CF

£ THE SUMMER DIET OF RANGE SHEEP 1961. COMPARATIVE
F THE SUMMER OIET OF RANGE SHEEP 1961. COMPARATIVE
ARTS AT PROGRESSIVE STAGES OF MATURITY 1963, THE

1966, USE OF THE
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DIGESTIBILITY OF HERBAGE SELECTED BY ESOP/
DIGESTIBILITY OF HERBAGE SPECIES AND VARIE
DIGESTIBILITY OF ORGANIC MATTER IN FORAGES
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DIGESTION CF CELLULQSE BY RUMEN MICROORGA/
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LE MEMBRANE AND CONTINUDUS FLOW TYPES OF APPARATUS FOR IN
ATION AND THE EFFECTS OF VGLAYIL/ 1958. STUDIES ON THE IN

TERACTION BETWEEN INOCULUM DONOR DIET AND SUBSTRAYTE IN IN
ONTINUOUS FLOW 5YSTEM 1942+ IN
ON AMMONTA ACCUMULATION IN THE RUMEN OF SHEEP §1959. 1IN

ALLED/ 1956, CRITERTIA FOR ESTABLISHING THE VALIDITY CF IN
1962, INTIR-LABORATORY IN

F AGUATIC EXTRACTS OF FORAGE ON THE GROWTH OF B/ 1961. IN
/Y RUMEN BACTERTA 1942, ADAPTATION OF AN IN

LE ENERGY IN POTENTIAL (NVI) OF FORAGES USING A SIMPLE IN
ITIVE QUALITY IN A RLUEGRASS PASTURE USING IN VIVO ANC IN
£ PRODUCTION AND RECYCLING OF RU/ 1959, STULIES OF THE IN
CONTENTS OF THE COW 1959. ON THE EFFECT DF PH IN
LUENCE OF DIFFERENT AMQUNTS AND SOURCES OF ENFRGY UPCN IN
1962. MODIFIED IN VIVO ARTIFICIAL RUMEN |

1960, A COMPARTSON OF CELLULOSE DIGESTION IN VITRO AND IN
HE EFFECT QF PH OV THE CILJATE POPULATION OF THE RUMEN 1IN
TION UPDN DIGESTION AND VOLATILE FATTY ACID PRODUCTION IN
ITY OF FODDER CROPS 1963, COMPARISON CF IN
MEN MICROORGANI SMS 1956. IN
1961. BINCHEMICAL AND MICROSCOPIC COMPARISON 0OF IN

MENT OF NUTRITIVE QUALITY IN A BLUEGRASS PASTURE USING IN
1962. MODIFIED IN

T OF STARCH ON THE DIGESTION OF CELLULOSE IN VITRO AND IN
ESTIBILITY OF UNDRIED AND DRIED MIXED FORAGES TO THEIR IN
/INVESTIGATIONS 1I1. CORRELATIONS BETWEEN IN VITRQ AND N
BEAT OF / 1958. THE ACTION OF SACCHARIDE, IN VITRO AND 1IN
CESSARY FOR THE GROWTH OF BACTEROIDES~SUCCINOGENES IN THE
NS IN THE GASTROINTESTINAL TRACT OF FULL~FED BEEF / 1961.
IC COCCI OF BOVINE RUMEN 1958.
FALFA ON IN VITRO GAS PRODUCTION, CELLULOSE DIGESTICN AND
RUMEN A5 INDICES OF FORAGE QU/ 1958. DRY MATTER LOSS AND

1262. DIETARY FACTORS AFFECYING

/63. EFFECT OF PHYSICAL FORM OF RATION UPAN DIGESTION AND
HE SILICA GEL PARYVITION CHROMATOGRAM TO THE ESTIMATICN OF
DRY MATTER AND CELLULOSE DIGESTIBILIYY ANC PRODUCTIGCN OF

FFECTS OF DIET UPON THE PRODUCTION AND RECYCLING OF RUMEN
IN AN ARTIFICIAL RUMEN 1957. STUDIES ON THE PRODUCTION OF

1965, THE RATES OF PRODUCTION OF
CEDURE - IMPROVED INOCULUM PREPARATION AND THE EFFECTS OF
CING METABOLISM AND PROTOZOA C/ 19466, VARTIATIONS IN RUMEN
OIFFERENCES 19664 RUMEN
STION BY RUMEN MICRQQ/ 1964, THE EFFECTS OF VARTATIONS IN

JFLUENCING THE VOLUNTARY INTAKE OF HMERBAGE 8Y RUMINANTS -
TARY INTAKE 1/ 1965. SYMPOSTUM ON FACTORS INFLUENCING THE

IGESTIBILITY OF FORAGES 8Y THE IN VITRO OIGESTION OF CELL
1950, THE DECARBOXYLATION OF SUCCINTC ACID BY

1955. A METHOD FOR THE STUDY OF CELLULOSE DIGESTION BY
DIGESTION BY RUMEN MICROORGANISMS 196u4. THE EFFECTS OF
10 PRODUCTION AND MICROBIAL ACTIVITY IN DAIRY HEIFERS AND
1962, EFFECT OF GAMMA RADIATION ON THE UTILIZAYION OF

GES OF MATURITY 1963. THE IN VITRO OIGESTIBILITY OF
[TRO DRY MATTER DIGESTIBILITY OF £1G/ 1964, THE EFFECY OF
LABORATORY IV, WITHIN AND AMONG TRIAL VARIABILITY OF THE
1945, FERMENTATICN OF

/HE ALTIMENTARY TRACT OF THE MERINO SHEEP N SOUTH AFRICA
BOTANICAL CO/ }9b6. AN EVALUATION OF PASTURE QUALTITY WITH
G. A COMPARISON OF THE RUMEN FERMENTATION IN EUROPEAN AND

GEN TO PROTEIN RY MICRO-ORGANISMS FROM THE (OW S RUMEN
N II. THE CONVERSION OF UREA TO AMMONIA
N IIl. THE SYNTHESTS AND BREAKDOWN OF PROTEIN IN RUMEN 1/

ROTQZOA OF THE RUMEN OF THE B8OVINE

N IVe THE ISOLATION OF THE SYNTHESIZED MATERIAL AND THE/
THE RUMEN OF THE SHEEP

RS INFLUENCING RUMEN MICROFLORA

TERIA

N CHROMATOGRAM TD THE ESTIMATION OF VOLATILE FATTY ACIDS

CUM ) WITH SPECTAL REFERENCE TO THE DECOMPOSITION OF STR/

A
ORGANISMS FRDM THE RUMEN OF SHEEP
EN DIGESTION

INO SHEEP IN SOUTH AFRICA XVI. THE FATE OF NITRATE IN R/
TY ROUGHAGES USING AN ARTVIFICIAL RUMEN

SHED SUSPENSIONS OF RUMEN BACTERIA

THE BOVINE RUMEN VI. THE EFFECT OF METALS ON THE ACTIV/
ENCING CELLULOSE DIGESTION BY RUMEN MICROORGANISMS

ROTEIN INFLUENCES UPON UREA UTILIZATION 8Y RUMEN MICROQR/
MNIC ACID, FROM THE RUMEN OF SHEEP
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RUMINANT DIGFSTION STUDIES 1966, IN
STUDIES OF RUMEN MICROORGANISMS, USING A C
STUDIES CN TRE EFFECT OF PH AND OF GLUCOSE
STUCIES WITH RUMEN MICRO-DRGANISMS IN SO-~C
STUDY OF STANCARD FORAGES

STUDY OF THE INFLUENCE OF THE EXTRACTION O
SYSTEM TO THF STUDY OF STARCH FERMENTATION
TECHNIQUE /64, THE PREDICTION OF DIGESTIB
TECHNTQUES 1968, THE MEASUREMENT OF NUTR
TECHNIQUES AND THE EFFECTS OF DIET UPON TH
UPON THE MICROBYAL PROCESSES IN THE RUMEN
UREA UTILIZATION BY RUMEN MICROORGANISMS /
) VYECHNIGQUES

/ RUMINAL FLCRA STUDIES IN THE SHEEP
AND
AND
AND

IXx. T
IN VITRO /EFFECT OF PHYSICAL FORM OF RA
IN VITRC MEASUREMENTS OF THE DIGESTIBIL
TN VITRC NUTRTTIONAL REQUIREMENTS OF RU
AND IN VITRO RUMEN FERMENTATIONS
AND TN VITRO TECHRNIQUES 1964 . THE MEASURE
ARTIFICIAL RUMEN { VIVAR ) TECHNIQUES
BY RUMEN MICRCGORGANTISMS 196%. EFFEC
DRY MATTER CIGESTIBILITY /TRO CELLULQSE DIG
MEASURES OF CIGESTIBILITY AND CHEMICAL COM/
ON THE CELLULOLYTIC ACTIVITY OF THE HEART
ILE ACID FRACTION OF RUMEN FLUID /ACTORS NE
TLE FATTY ACID CONCENTRATIONS AND PROPORTIO
ILE FATTY ACIOU GROWTH FACTOR FOR CELLULOLYT
ILe FATTYY ACID PRODUCTION / OF PELLETING AL
ILE FATTY ACID PROGUCTION IN THE ARTIFICIAL
ILE FATTY ACID PROCUCTION IN THE RUMEN
ILE FATTY ACID PROGCUCTION IN VIVO AND IN v/
ILE FATTY ACIDS 31946, THE APPLICATION QF T
ILE FATTY ACIDS /GATIONS 1. VARIABILITY OF
TLE FATTY ACIDS /VITRD TECHNIQUES ANO THE E
TLE FATTY ACIOCS FROM GRASS BY RUMEN LIQUOR
ILE FATTY ACICS IN THE RUMEN
ILE FATTY ACIDS ON CELLULOSE DIGESTION /PRO
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{NOCULA ON THE IN VITRO CELLULOSE DIGE
INTAKE IN RELATION TO CHEMICAL COMPOS/

INTAKE CF HERBAGE BY RUMINANTS - VOLUN

1966. ESTIMATION OF THE TRUE O

D SUSPENSIONS OF RUMEN BACTERIA
D SUSPENSICONS OF RUMEN MICROORGANISMS

EXTRACTS GF FORAGES ON IN VITRO CELLULOSE
R /EVULINIC ACTID ON DIGESTIBILITY, FATTY AC
STRAW BY RUMEN MICROORGANISMS

GRASSES ANC THEIR PARTS AT PROGRESSIVE STA
R BURN ON THE CHEMICAL COMPOSITION AND IN V
NSIN ARTIFICIAL RUMEN PROCEDURE /ES IN THE
CUST BY CELLULOSE BACTERIA
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THE FATE OF NITRATE IN RUMINAL INGESTA AS /
GRAZING SHEEP, T1I. CHEMICAL COMPOSITION,
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DIGESTION IN THE RUMINANT

THE SIGNIFICANCE OF THE BACYERIA AND THE P
THE UTILTZATION OF UREA IN THE BOVINE RUME
1956, THE FERMENTATION OF CARBOHYDRATES IN
A PRELIMINARY REPORT ON THE STUDY OF FACTQ
FERMENTATICN OF WOOD~DUST BY CELLULOSE BAC
THE APPLICATION OF THE SILICA GEL PARTITIO
THE SYMBIOTIC UTILIZATION OF CELLULOSE
MICROBIAL CIGESTION IN THE RUMEN ( AND CAE
RUMEN DIGESTION STUDIES

THE COMPOSTITION AND OUTPUT OF SHEEPS SALIYV
THE FERMENTATION OF CELLULOSE IN VITRO BY
A NEW METROT FGR THE STUDY IN VITRO OF RUM
RUMINANT DIGESTION

STUDIES ON THE ALIMENTARY TRACT OF THE MER
CELLULOSE DIGESTION IN GOOD AND POOR QUALIL
THE DECARBOXYLATION OF SUCCINIC ACID BY wA
THE UTILIZATION OF NON PROTEIN NITROGEN IN
PRELIMINARY ORSERVATIONS UPON FACTORS INFLU
IN VITRO OBSERVATIONS UPON THE NATURE OF P
ISGLATION OF A BACTERIUM, PRODUCING PROPIC
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RCES OF ENERGY UPON IN VITRO UREA UTILIZATION BY RUMEN M/
BY VEILLONELLA GAZOGENES

BY PROPIONIBACTERIA
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IONS OF THE BACTERIOLOGY OF BOVINE RUMEN CONTENTS

F BOVINE RUMEN BACTERIA

CROBIAL ACTIVITY DF RUMEN WETH APPLICATION TO UTILIZATIO/
TERIA IN THE RUMEN OF COWS FED DIFFERENT RATIONS

TROGEN SJURCES FOR RUMEN MICROORGANISMS — UREA UTILIZATI/
TAL AUMEN

ELLULOLYTIC ENZYMES

OORGANIS#S AND ITS STIMULATION BY FISHERY BY PRODUCTS

N SHORT CHAINED FATTY ACTDS

TON BY WASHED SUSPENSIONS OF RUMEN MICROORGANISMS

OIDES-SUCCINOGENES IN THE VOLATILE ACID FRACTION OF RUME/
HORUS AVAILABILITY OF FEED SUPPLEMENTS FED TO RUMINANTS
IN VITRO STUDIES WITH RUMEN MICRO-ORGANISMS IN SO-CALLED/
SE DIGESTION

NTS OF RUMEN MICROCRGANISMS

UMEN MICRQGBIAL END-PRODUCTS IN FREE-GRAZING SHEEP
INGESTA OF THE BOVINE RUMEN
IN VITRD CELLULOSE DIGESTION BY RUMEN MICROORGANISMS
ION, CELLULOSE DIGESTION, AND FATTY ACID FORMAYION
1961. SOME ASPECTS OF RUMEN MICROBICLOGY
H AND WITHOUT AUREOMYCIN, ON IN VITRO DIGRSTIQON OF CELLU/
Y ACIDS FROM GRASS BY RUMEN LIQUOR IN AN ARTIFICIAL RUMEN

ANG IN THE RATION OF STEERS
ACE TENSION AND PH OF RUMEN FLUID
DDUCLTION IN THE ARTIFICIAL RUMEN AS INDICES OF FORAGE QU/
TRO CONTIMUOUS FLOW SYSTEM ON A PROTEIN-FREE DIET
ACTERIUM RUMINANTIUM N, SP.
S FOR CELLULOSE DIGESTION IN VITRO
IMPROVED INOCULUM PREPARATION AND THE EFFECTS OF VCOLATIL/
VIVO, ON THE CELLULOLYTIC ACTIVITY OF THE HEART BEAY OF /
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OBIAL PROCESSES IV THE RUMEN CONTENTS OF THE COW

ROM DIFFERFENT SUPPLEMENTS

£ EFFECT OF PH ON THE CILIATE POPULATION CF THE RUMEN IN/
EFFECTS OF DIET UPON THE PRODUCTION AND RECYCLING OF RU/

TER

£S CF PURIFIED CELLYLOSES AND FORAGE CELLLLOSES ON THEIR/
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STIMATE THE NUTRITIVE VALUE OF FORAGES

S
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CURCPEAN AND ZENU CATTLE
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GRASSES IN THE RUMEN OF SHEEP
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G RUMEN FERMENTATION

RUMINANT

HAY ON ITS CHEMICAL COMPOSITION,
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A LABCRATORY TECHNIQUE FOR MEASURING PHOSP
CRITERIA FOR ESTABLISHING THE VALIDITY OF
FACTORS INFLUENCING IN VITRO RUMEN CELLULO
IN VIVO ANC IN VITRO NUTRITIONAL REQUIREME
PROTEQLYSIS BY RUMEN MICRO-ORGANISMS
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