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VARIABLES AFFECTING I N  VITRO RUMEN FERMENTATION S"DIES I N  FORAGE 

EVALUATION: AN ANNOTATED BIBLIOGRAPHY 
-I__ 

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

INTRODUCTION 

Expanding human populat ions and the  commensurate demand on croplands 

have increased t h e  need for producing forage,  the  p r i n c i p a l  source of 

n u t r i e n t s  for  ruminants, on land not s u i t a b l e  f o r  cu l t i va t ed  crops.  The 

increased importance of forage crops t o  l ives tock  production has made it 

e s s e n t i a l  t o  understand the  decomposition and u t i l i z a t i o n  of forages by 

ruminants. I n  many o t h e r  a reas  from t h e  t e x t i l e  i ndus t ry  (Siu, 1951) t o  

the  continuous carbon-mineral cycle  throughout the  world ecosystem, decom- 

pos i t i on  OF n a t u r a l  organic compounds i s  of  primary importance. Approxi- 

mately 40% o f  p lan t  material i s  ce l lu lose ,  t h e  world 's  most p l e n t i f u l  

n a t u r a l l y  occurring organic compound (Hal l iwel l ,  1959). Cellulose i s  a l s o  

r e l a t i v e l y  r e s i s t a n t  t o  na tu ra l ,  non-enzymatic decomposition, Mammals do 

not produce c e l l u l a s e s  o r  polyglucosidases and r e l y  on symbiotic r e l a t i o n -  

sh ips  with anaerobic b a c t e r i a  and protozoa t o  r e l e a s e  useable  p lan t  

n u t r i e n t s  by  degrading the  enveloping c e l l u l o s e .  These bacteria.  and 

protozoa, as w e l l  as c e r t a i n  fungi,  molds, actinomycetes, i n sec t  larvae,  

worms, wood-boring in sec t s ,  sna i l s ,  and l impets produce the  necessary 

c e l l u l a s e s  and polyglucosidases (Hungate, l91+9 and 1966). 

Because of t h i s  symbiosis, forages convent ional ly  have been evaluated 

by  -- i n  vivo d iges t ion  t r ia ls .  

t h a t  t r ia ls  requi re  r e l a t i v e l y  la rge  amounts of forage,  they  are expensive, 

and they  do not  y i e l d  p a r t i c u l a r l y  p rec i se  r e s u l t s  because of la rge  animal- 

to-animal and t r i a l - t o - t r i a l  v a r i a t i o n .  Other approaches have been by 

chemical analyses  of proximate components and o the r  n u t r i e n t s  arid, more 

recent ly ,  by chemical s o l u b i l i t y  methods (Johnson -- e t  a l . ,  1.964). However, 

chemical analyses,  although being improved (Van Soest, 1966), have ye t  t o  

rep lace  d iges t ion  t r i a l s  as a means of evaluat ing forage.  Ea r ly  -I__ i n  v i t r o  

systems i n  t h e  1800s were used t o  study forage d iges t ion  bu t  riot s p e c i f i -  

c a l l y  fox forage eva lua t ion .  

t a t i v e  n u t r i t i v e  evaluat ion of forages have been used s ince  1955 (Barnes, 

Inherent  disadvantages of t h i s  system are 

I n  v i t r o  techniques designed f o r  t h e  quanti-  -- 

1965) 
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I n  v i t r o  va r i a t ions  a r e  numerous. Someti-mes these " a r t i f i c i a l  
-II_ 

ruiiien" systems a-t-Lempt t o  simulate condi t ions i n  t h e  rumen., but iuore o f t en  

rumen microorganisms are used simply as ai? "ana ly t i ca l  reagent 

any attempt t o  simulate rumen condi t ions.  Temperature, anaerobic con- 

d i t i ons ,  and a c i d i t y  a r e  va r ious ly  cont ro l led ,  and rumen bactei-i.a, nu- 

t r i e n t s  o r  cofac tors ,  arid forage are added t o  -the system. Digest ive 

a c t i v i t y  is evaluated inostly by measuring the  disappearance of a given 

consti1;uen-t ( u s u a l l y  ce l lu lose  or dry  matter) over time, but  some rnan.0- 

metr ic  methods have been used. 

without 

Because t h e r e  i s  no standard method f o r  evaluat ing forage i n  v i - t ro  -- 
(Barnes, 1966), r e s u l t s  vary widely. Several  books and review papers have 

investigabed t h i s  problem (Annison and L e w i s ,  1959; Bentley, 1960; Barnet t  

and Reid, 1961; L e w i s ,  1961; Johnson, 1963; Barnes, 1965; Dougherty -- e t  a l . ,  

1965; and Hungate, 1966). 3. F. Barnes of Purdue Univers i ty  has compiled 

a l i s t i n g  of references on i n  v i t r o  s tud ie s  i n  general .  Z i s  l i s t i n g s  

show 383 references  through 1964. 

in  conjunction with a review of l i t e r a t u r e  through 1966 t h a t  examined 

methods and i n t e r p r e t a t i o n s  of i n  v i t r o  eva lua t ions  as w e l l  as sources of 

v a r i a t i o n  i n  these  eva lua t ions .  I n  the  cur ren t  bibl iography the  emphasis 

pr imar i ly  i s  011 i n  v i t r o  studl-es concerned with forage evaluat ion.  Some 

a d d i t i o n a l  genera l  re fe rences  o r  those concerned w i t h  va r i ab le s  a f f e c t i n g  

conduct o r  i n t e r p r e t a t i o n  of i n  v i t r o  s tud ie s  are included. These sources 

of' v a r i a t i o n  and suggestions f o r  ininiinizing them a r e  ou t l ined  below. 

-- 
The cur ren t  bibl iography w a s  prepared 

-- 

-- 

-I___ 

The rap id  evolutrion of i n  v i t r o  forage evaluat ion techniques has 

produced conifusing and con t r a s t ing  r e s u l t s  i n  t h e  l i t e r a t u r e .  Analysis 

of the many va r i ab le s  producing these  r e s u l t s  i s  necessary t o  e s t a b l i s h  a 

common ground from which inves t iga to r s  can proceed. These e r r o r s  o r  

va r i ab le s  appear t o  be of fou r  major types: (1) v a r i a t i o n s  i n  microbia l  

populations due t o  the  d i e t  of t h e  hos t  animal-, animal-to-animal d i f f e r -  

ences, and inoculum processing differences;  (2)  v a r i a t i o n s  due t o  d i f f e r -  

e n t  s torage,  grinding, and processing techniques i n  sample preparat ion;  

(3) d i f fe rences  a t t r i b u t a b l e  t o  inoculum (sample r a t i o ,  buf fer ,  and 

n u t r i e n t  medium); and (4)  procedural  va r i a t ions  such as length of  fermen- 

t a t  ion, c r i t e r i a  of d i g e s t i b i l i t y ,  and labora tory  e r r o r s .  

-- 
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From t h e  l i t e r a t u r e  reviewed it appears t h a t  v a r i a t i o n  and e r r o r  

could be decreased i f  the following procedures were standardized: (1) Use 

seve ra l  f i s t u l a t e d  animals as sources of inoculum. These animals should 

be se l ec t ed  f o r  uniformity and "normalityr'  i n  order  t o  avoid extreme 

indiv idua ls .  The animals could be chosen through comparative i n  vivo 

d i g e s t i b i l i t y  t r i a l s  wi th  appropr ia te  s t a t i s t i c a l  analyses  before  -I__ i n  v i t r o  

t r ia ls  were begun. 

regimes similar t o  t h e  forages being evaluated -- i n  v i t r o .  The regime should 

be maintained f o r  s eve ra l  days before  in  v i t r o  t r ia l s  a r e  begun i n  order  t o  

allow rumen microbes t o  a d j u s t  t o  the d i e t .  

regime a t  o r  near  t h e  maximum concentrat ion of rumen microbes. 

whole rumen f l u i d  as inoculum. 

fo r  which i n  vivo d i g e s t i b i l i t y  data a r e  ava i l ab le .  These should be of 

both high and low q u a l i t y  and should approximate the  same type of p l a n t s  

being evaluated -_I_ i n  v i t r o .  

complex n u t r i e n t  media. These appear unnecessary and may a c t u a l l y  i n t r o -  

duce v a r i a b i l i t y .  (8) Calculate  d i g e s t i b i l i t y  r e l a t i v e  t o  the  standards,  

and r e p o r t  t h e  r e s u l t s  only t o  the  neares t  whole percent .  

measures of v a r i a t i o n  and include, where appropriate ,  var iance components 

and standard e r r o r s  of e s t i m t e s .  

I C _  

(2) Feed t h e  source animals  according t o  standard 

-- 
(3) Use a standard sampling 

(4) U s e  

(3)  I n  each t r i a l ,  include standard forages 

c- 

(6) Buffer t h e  system near  pH 6.9. (7) O m i t  

( 9 )  Report 

If the  above procedures were appl ied,  v a r i a t i o n  could probably be 

decreased by %$, and t h e  r e s u l t s  would be 100% more usef'ul. 

The a b s t r a c t s  are l i s t e d  a l p h a b e t i c a l l y  by author  and a r e  numbered 

The numbers a r e  r e f e r r e d  t o  i n  the  pelmutated index of t h e  s e r i a l l y .  

t i t l e s .  





1. Adler, J.  H., J.  A. Dye,  D. E. Boggs, and H. #. Williams. 1958. Growth of rumen microorganisms 
in an in vitro continuous-flow system on a protein-free diet .  Cornel1 Vet. 48: 53-66. -- B e s t  
resu l t s  i n  an in vitro system are obtained when rumen microorganisms are presented with a diet  
similar to tha t  to which they were  exposed in sheep .  

2. Alexander, R. H., and M. McGowan. 1966. The  routine determination of in vitro digestibil i ty of 
organic matter in forages-an investigation of t h e  problems assoc ia ted  with continuous large-scale 
operation. J. Brit. Grassl .  SOC. 21:140-147. -- Detailed descriptions and i l lustrations a re  given 
for equipment and methods uti l ized for handling 250-300 in vitro determinations of organic matter 
digestibil i ty pet week by 3 people. Inoculum i s  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 
lb/day. Mixing rumen liquor from various sheep  had no detrimental effect ,  and the  standard pro- 
cedure is t o  use  one liter from each  sheep .  Three sheep  were utilized in  the trial, but it is not 
s ta ted  whether or not t h i s  is the  desired number. The  influence of added nitrogen in the in vitro 
digestion depended upon the nitrogen content of the  herbage be ing  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 liquor from 20 to  2 m1/0.5-g herbage sample 
had l i t t le effect  on digestion of samples  with about 18% crude protein but greatly affected samples  
with only 5% crude protein. Expressing resu l t s  on a n  organic matter b a s i s  was considered prefer- 
ab le  to  a dry matter bas i s .  There was  l i t t le effect  on in vitro digestibil i ty of organic matter if 
samples  were  inoculated within 1 hr after collection of the rumen liquor. F ive  standard samples  
were included in duplicate a t  t he  beginning and end of each  batch. The standard devia t ion  of a 
s ing le  es t imate  of a standard was  50.61 units. There  were no significant differences in the 
in vitro-in vivo relationships for g ra s ses  and legumes and tha t  for hays. The  standard error of 
estimate of the i r  regression was  k2.33 with a multiple correlation of 0.96 (P < .0Ol). 

3. Allison, M. J . ,  and M. P. Bryant. 1958. Volatile fatty acid growth factor for cellulolytic cocc i  of 
bovine rumen. Science 128: 474-475. 

4. Anderson, R., E. Cheng, and W.  Burroughs. 1956. A laboratory technique for measuring phos- 
phorus availabil i ty of feed supplements fed to  ruminants. J .  Anim. Sci. 15: 489-495. -- Cellu- 
l o se  digestion after a 24-hour fermentation period was  measured in a series of s m a l l  fermentation 
tubes to which graded amounts of phosphorus had  been added. Bacteria u sed  herein were washed 
suspens ions  of rumen microorganisms. A phosphorus-deficient medium was  used  t o  a s s a y  added 
phosphorus to the  system. Three  fistulated s t ee r s  were used in obtaining samples.  The  rations 
fed differed somewhat from time to t i m e .  Each  was  fed twice daily, a t  0900 and 1700. Rumen 
samples  were collected prior to the morning feed .  

5. Arias, C., W. Burroughs, P. Gealaugh, and 8. Bethke. 1951. The  influence of different amounts 
and sources  of energy upon in vitro urea uti l ization by rumen microorganisms. J .  h i m .  Sci. 10: 
683-692. -- Carbon dioxide was  bubbled continuously through the  fermentation contents of 
1000-rnl Erlenmeyer f lasks  connected by tubing. The  purpose of the COz s t r e a m  was  to maintain 
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6 .  

7. 

8, 

9. 

anaerobiosis and to s t i r  the  fermentation mass .  Rumen contents were obtained from a rumen- 
fistulated s t ee r  tha t  had been withheld from a high quality alfalfa hay ration 12-16 hr prior to 
sampling. A variety of ce l lu lose  sou rces  including ground corncobs,  Solkafloc, and ground filter 
paper was  used .  

Arroyo, A., J. 8. Evuns, and M. W. Taylor. 1964. The  artif icial  rumen technique  of estimating the  
nutritive value of forages. Puerto R ico  J. Agr. 47-48:169-179. -- Nine forages of know11 nutri- 
t ive value were d iges ted  in vitro for 12 and 24 hr. Correlations of relative intake and nutritive 
value index were made with 12-hr in vitro ce l lu lose  digestion va lues .  The  24-hr in vitro ce l lu lose  
digestion va lues  were more c lose ly  related to  measures of energy digestibility than were the  12-hr 
measures I 

Asplund, J.  M., R.  T .  Berg, L. W. McElroy, and W .  J .  Pigden. 1958. Dry matter loss and volati le 
fatty ac id  production in the  art if icial  rumen as  indices of forage quality. J .  Anim. Sci.  38: 171- 
180. Limited ev idence  sugges ted  that the  art if icial  nunen may b e  used  to a s s e s s  the  relative 
quality or  nutritive value of forages.  These  workers u sed  500 mg. of substrate ground t h o u g h  a 

40-mesh s i eve  in  a Wiley mill, 10 ml of inoculum, and a buffer solution with a s l igh t  amount of 
CoC12. Inocula weretakenfrom ruminal-fistulated sheep  3-4 hr after they had been fed. A waslied 
ce l l  suspens ion  w a s  used .  To study dry matter digestion, workers p laced  finely ground samples 
of forages in fermentation s a c s ,  dried the  forages and sacs for 21 hi ,  inoculated the  s a c s ,  and in- 
cubated them in the  art if icial  rumen. After incubation the s a c s  were removed, rinsed with disti l led 
water, and dialyzed in tap  water a t  room temperature for 24 hr .  Two fi l trates 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 i n  t h e s e  samples ,  respectively,  were 12 .5  and 
26.2% in the grass-alfalfa hay, 5 . 9  and 32.1% i n  oa t  straw, and 18.9 and 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.  T h e  digestibil i ty differences for three types  of dry 
matter were: alfalfa,  12%; mixed hay, 12%; and straw, 5%. Washed cell  inocula,  compared to fil- 
tered ce l l  inocula,  did not materially inc rease  the  degree of assoc ia t ion  between in vitro and in 
vivo da ta  for dry matter digestibil i ty.  Also, t he re  were interactions between fi l tered vs. washed 
c e l l s  and straw vs.  hay feeding. 

Baker, F., and 5. T. Hurr iss .  
reference to the  decomposition of structural ce l lu lose .  Nutr. Abstr. Rev. 17: 3-19. -- Oligo- 
trich c i l i a t e s  have been found in all ruminants and in some nonruminants including the  horse,  
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 p ig  and rabbit. 
Relatively few of t h e  ce l lu los ic  par t ic les  in the  rumen a r e  small  enough to b e  inges ted  by even 
the largest  c i l i a t e s .  Elimination of t h e  protozoa i n  the  rumen does  not significantly decrease  the  
amount of ce l lu lose  digested.  Th i s  sugges t s  that  t he  protozoa a re  functionally insignificant i n  
d iges t ing  ce l lu lose  in the  normal animal. Also,  it is difficult to culture protozoa independent of 
the inges ted  or symbiotic bacteria.  Chewing by the  ruminant de taches  the  cuticle,  mechanically 
sepa ra t e s  the  epidermis from underlying sclerenchyma, bundles, and mesophyll, and exposes  more 
sur face  a rea  to attack. Detached cu t ic le  and guard c e l l s  a r e  res i s tan t  t o  decomposition by bac- 
teria. Microscopic examination of fi l ter  paper and cotton wool taken from bags  suspended in the 
rumen shows that attack commonly begins a t  the  broken ends  of the fibers. The  amounts of cellu- 
l o s e  digested depend upon t h e  f ineness  of grinding. There is a reciprocal dependence of one  
microbial s p e c i e s  upon the  other. 

1947. Microbial digestion in the rumen (and caecum), with spec ia l  

5aker, T. I., G. V. Q u i c k e ,  0. G. Bentley, R .  R. Johnson, and A. L. Morton. 1959. The  influence 
of certain physical properties of purified ce l lu loses  and forage ce l lu loses  on their  digestibil i ty by 
rumen microorganisms in vitro. J .  Anim. Sci.  18: 6 5 5 4 6 2 .  -- Cel lu lose  is composed of both 
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crystall ine and amorphous s t ruc tures ,  The  degree of crystall inity of ce l lu lose  is inversely propor- 
tional to i t s  ra te  of decomposition by cellulolytic organisms. Also, the average s i z e  of the glu- 
cose  cha ins  making up the  ce l lu lose  polysaccharide influences the  chemical behavior of the cellu- 
loses .  Holocel luloses  prepared from mature 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 similari t ies.  Apparently the  molecular structure of ce l lu lose  in 
pasture and forage plants is not sufficiently organized to give strong peaks in x-ray patterns. T h e  
conclusion from th i s  is that much of the  ce l lu lose  is amorphous. Samples ground to p a s s  a 40- 
mesh screen  were s ieved  to get samples  tha t  would p a s s  40-60, 100-150, and 200-mesh s i eves .  
No marked differences were observed in the  digestibil i ty of ce l lu lose  in  the  different fractions. 
However, if the  material w a s  ball-milled, digestibil i ty increased slightly.  T h e s e  s tud ie s  sug- 
gested that t he  activity of ce l lu l a ses  from rumen organisms are affected by ce l lu lose  structure in 
much the same  way a s  the  ce l lu l a ses  i so l a t ed  from molds and s o i l  organisms. 

10. Baldwin, R. L., and D. L. Polmquist.  1965. Effect of d ie t  on the  activity of severa l  enzymes in 
ex t rac ts  of rumen microorganisms. Appl. Microbiol. 13: 194-200. -- One rumen-fistulated cow 
was  fed barley s t raw,  and the other was  fed a concentrate mix of barley, milo, wheat, and bee t  

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 ge t  bacterial  cells. T h e s e  were washed in phosphate buffer before being 
disintegrated or disrupted with a son ic  osc i l la tor  under a hydrogen atmosphere. T h e  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 a s s a y s  must be  carried out before enzymatic measurements can  
be employed effectively in defining the metabolic changes assoc ia ted  with changes  in the rumen 
microbial population on vatious d ie t s .  

11.  Barnes, R. F.  1962. Inter-laboratory in vitro study of standard forages. 4th In Vitro Evaluation 
Work Conference, Chicago, 1 4  p. -- Alfalfa meal was  purchased by Purdue University and dis- 
tributed to  15 laboratories in the  United S ta tes  and Canada in 1960. In 1961 alfalfa and brome- 
g ra s s  hay were included from Macdonald College,  Quebec, Canada.  Resu l t s  from various labora- 
to r ies  show variations in  in vitro ce l lu lose  digestion of 40-51"/0 a t  24 h t  and 51-65% for 48 hr. 
Further s tud ie s  were made by nine laboratories;  de t a i l s  were given on their  individual techniques. 
In th i s  study nine locations were studied (random), three runs within a location (random), three 
substrated (fixed), and two observations per cell (random). T h e  mean ce l lu lose  digestion of three 
forage samples  varied among s t a t ions  from 41-50'75. 

12. Barnes, R. F. 1965. U s e  of in vitro rumen fermentation techniques for estimating forage digest-  
ibil i ty and intake.  Agton. J. 57: 213-216. -- T h i s  i s  a general review of previous in vitro 
s tudies .  Fac tors  that  can  influence in vitro digestibil i ty and hence i t s  relationship to true digest-  
ibility include: subs t ra te  concentration, length of sample s torage  period, f ineness  of grind, coin- 
position and buffering capacity of the nutrient media, amount and preparation of the rumen fluid 
inoculum, and d ie t  of the  donor animal. A differential l ag  phase had been reported for various 
subs t ra tes .  The  init ial  digestion ra tes  of alfalfa and other legumes have  been greater, and the 
maximum leve l  of digestion h a s  been reached sooner  than for grasses .  The  extent of digestion, 
however, may be  greater for g r a s s e s  than for legumes. T h i s  relationship w a s  uti l ized by Donefer 
in  developing the proposed nutritive value index (NVI). For  uti l i ty in routine laboratory evalu- 
ation of forages, a method must (1) be  relatively simple to permit rapid ana lys i s  of a large number 

of samples,  (2) produce precise resu l t s ,  and (3) give an accura te  es t imate  of forage quality. Er- 
rors assoc ia ted  with the in vitro procedure can  be  grouped into two groups: random errors rind 
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biased errors. Random errors a re  a s soc ia t ed  with within- and between-trial Variability. Greater 
variability e x i s t s  for purified ce l lu lose  samples  than for forage subs t ra tes .  Greater variation be- 
tween t r ia l s  than within t r ia l s  h a s  generally been reported. Greater variation occurs  during the  
init ial  s t a g e s  of fermentation than in la te r  s tages .  Two standard subs t ra tes  included in a trial, 
one high quality and the  other low, are useful i n  adjusting between-trial variations.  Standard 
errors of the es t imate  of digestibil i ty have ranged from 2.0 to  4.4 for t he  prediction of in vivo 
digestibil i ty from in vitro results.  T o  be  of practical  use ,  a regression equation should be  ca- 
pable of predicting apparent digestibil i ty within a standard error of not greater than two digest-  
ibility units. Thus ,  the  u s e  of in vitro techniques for t he  prediction of forage a re  marked. Vari- 
ous  cons t i tuents  of the  herbage may b e  preferentially uti l ized by in vitro microbial populations 
than in vivo. Thus ,  a forage with a high leve l  of soluble carbohydrate or heinicellulose may be  
c lass i f ied  as being lower in nutritive value if ce l lu lose  digestion in vitro i s  used  as  the  s ing le  
criterion. T h i s  emphasizes  the  importance of chemical components of t h e  plant and suggest-s that  
several  measures may be  necessary  to  develop an effective in vitro forage evaluation tool. Gas  
production generally i s  not a good measure, for i t  may evolve from a variety of subs t ra tes  and i t s  
u s e  for forages may be  misleading. One of the grea tes t  deterrents to accuracy of in vitro methods 
i s  the  large inherent variability of in vivo measurements upon which the  in vitro r e su l t s  inust  b e  
based. 

13. Barnes, I?. F. 1966. Collaborative in  vitro rumen fermentation s tud ie s  on forage subs t ra tes ,  J .  
Animal Sci. (manuscript submitted). -- Research workers interested in t h e  development of in 
vitro techniques for evaluating forages met init ially on an informal b a s i s  i n  1959. Since then 
various collaborative s tud ie s  have  been undertaken. In in i t ia l  s tud ie s  with dehydrated alfalfa 
meal, meail ce l lu lose  digestion after spec i f ied  lengths of fermentation varied considerably among 
laboratories. T h e  variance assoc ia ted  within and between runs a l so  differed greatly among lab- 
oratories. T h e s e  resu l t s  led to  a nes ted  factorial  experiment with different collaborators deter-  
mining in vitro digestibil i ty of three forage subs t ra tes .  Each laboratory used  i t s  own current, 
routine in vitro technique. Variations existed i n  the  respective in vitro sys tems,  in the  host ani- 
mals used  to obtain inoculas,  i n  the  d ie t s  of the  hos t  animals and in the  buffer and nutrient solu- 
tions. Mean 2-hr ce l lu lose  digestion va lues  for 14 laboratories was  47% (range 40 to 60). For 
most s t a t ions  bromegrass had a lower init ial  rate of ce l lu lose  degradation but a higher rate of 
fermentation during the  la te r  periods. It eventually surpassed  the  alfalfa subs t ra tes .  T h i s  fact  
i l lus t ra tes  t he  importance of length of fermentation in the  evaluation of subs t ra tes .  There  was  
more variation among laboratories during early fermentation periods than at la te r  s t ages .  Of the  
14  laboratories reporting 24-hr in vitro digestibil i ty data,  s i x  had significant suns-by-substrate 
interactions.  The re  was  l e s s  variation among duplicates with increased fermentation times. 
There  was a l so  a trend for t he  variance assoc ia ted  with runs  within laboratories to b e  less for 
48-hr fermentation than for other time periods. T h e  most commonly employed procedures involved 
a 90 ml centrifuge tube, 1 gram sample s i ze ,  30 ml McDougall's art if icial  sa l iva ,  20 m l  of strained 
whole rumen fluid obtained from fistulated ca t t le ,  and incubation with a g a s  re lease  valve or con- 
tinuous flushing with C 0 2 .  If a comparison between laboratories i s  desired,  a standardized pro- 
cedure could possibly be  developed. T h e  primary fac tors  then remaining uncontrolled would be  
the source  and activity of inoculum. Standard forages could be  uti l ized to  m e a s u r e  t h i s  variability 
and provide a reasonable degree of control over the  d iges t ive  efficiency of various sources  of the  
inoculum. T h e  inherent variability of the in vivo measurement i s  a s  great a s ,  or greater than, that  
of the  in vitro measurement. T h e  run-by-substrate interaction i s  an important factor because  th i s  
error term generally is used  to t e s t  subs t ra tes ,  and when it is large the  chances  of de tec t ing  dif- 
fe rences  between subs t r a t e s  a re  reduced. If such  an interaction is detected,  then there i s  a shift  
in  relative fermentation curves  of the  various subs t r a t e s  between runs. T h i s  effect  may b e  par- 
ticularly marked when evaluating subs t r a t e s  of d iverse  types  or of different spec ie s .  For uni- 
formity and e a s e  of interpreting published in vitro resu l t s ,  variance components assoc ia ted  with 
runs, determinations within runs, and  interactions of runs-by-substrates should be incorporated 
with the method outlined arid reported in  the  paper. 

, 
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14. Barnes, R .  f .  1966. T h e  development and application of in vitro rumen fermentation techniques.  
Int. Grassl .  Congr., Proc.  10: 434-438. -- Four methods were compared including: 5 0  m l  buffer- 
nutrient solution; 50 m l  buffer followed by a 24-hr incubation of t h e  res idue  with 50 ml pepsin solu- 
tion; 40 ml buffer solution p lus  10 ml strained whole rumen fluid; and 40 ml  buffer solution plus 
10 ml s t ra ined  whole rumen fluid, followed by a 24-hr incubation of t he  res idue  with 50 ml pepsin 
solution. Dry matter d i sappearance  w a s  determined a t  0, 6, and 48  hr. Resu l t s  were related to  t h e  
in vivo d iges t ib le  dry matter. Good predictions could b e  made of in vivo d iges t ib le  dry matter, but 
attempts t o  relate in vitro or solubili ty resu l t s  to voluntary intake were less successfu l .  The  most 
useful technique  was  a n  in vitro rumen fermentation technique uti l izing a 48-hr incubation period 
plus an  additional 24-hr incubation with pepsin. The technique was su i tab le  for simultaneous 
evaluation of g ra s ses  and legumes. 

15. Barnes, R. F., G. 0. Mott, L. V. Packett, and M. P. Plumlee. 1964. Comparison of in vitro rumen 
fermentation methods. J .  Anim. Sci. 23: 1061-1065. -- T h e  inoculum was  obtained from a f i s -  
tulated cow receiving grain, hay, and corn s i lage .  T h i s  inoculum was u s e d  in a l l  t he  comparisons 
of techniques.  Subs t ra tes  were ground through a 40-mesh screen. Substrates included alfalfa and 
bromegrass hays  and alfalfa meal. Fermentation t ime periods were 6, 12, 18 ,  and 24 ht. Fermen- 
tation techniques  were t h o s e  outlined by Donefer: a complex nutrient buffer solution was used; a 

phosphate buffer extract  of the  rumen inoculum w a s  added;  and CO, was  bubbled continuously 
through the  fermentation, which was  maintained a t  29'C. A second method w a s  tha t  of Baumgardt: 
20  ml of a C0,-saturated nutrient buffer solution were used;  urea,  glucose,  and strained rumen 
fluid were added and the  sys tem was  maintained a t  39'C. T h e  third and  fourth methods were those  
of Ti l ley  and Terry: gas r e l ease  va lves  were used;  the  inoculum-nutrient-buffer solution and 
s t ra ined  rumen fluid were flushed with CO, at the  beginning and then fermented at 39OC. T h e  lat- 
te r  method also involved a 48-hour pepsin digestion. In a second experiment 25 ml of a buffer- 
nutrient solution p lus  s t ra ined  rumen fluid and small amounts of urea and g lucose  were added to 
1-g samples  in 75-ml centrifuge tubes  fi t ted with g a s  r e l ease  valves.  To ta l  liquid volume was  re- 
duced to prevent e x c e s s i v e  frothing; CO, was  flushed through the  system; and it w a s  fermented 
at 39'C. There  were significant differences among methods, subs t ra tes ,  and fermentation t i m e s .  
There  was  also a method and t ime interaction. T h e  various techniques,  however, rank the sub- 
s t r a t e s  in the  s a m e  manner. T h e  coefficient of variation decreased  with increasing t imes  of fcr- 
mentation. Both alfalfa subs t r a t e s  had higher d iges t ib i l i t i es  than did the  bromegrass hay  sub- 
strate.  Variation within bromegrass w a s  nearly twice  tha t  of alfalfa. Differences early in  thc  
fermentation may b e  due  to  non-cellulose cons t i tuents  in the  forages. T h e  high in i t ia l  activity 
of one  method might b e  due  to the  cons tan t  bubbling of CO, through the f lask  and a more corn- 
p lex  inoculum-buffer-nutrient solution than in  the  o ther  sys tems.  In summary, the  primary fac tors  
tha t  contributed to differences between the  methods wete size of subs t ra te ,  nutrient medium, 
preparation of t he  inoculum, maintenance of anaerobiosis,  and type of fermentation vesse l .  

16. Barnett, A. J .  G., and R .  L. R e i d .  1957. Studies  on the  production of volati le fatty ac ids  from 
g ras s  by rumen liquor in an art if icial  rumen. J. Agr. Sci. 48: 315-321. -- I t  is impossible to 
u s e  the  same rumen liquor for a l l  experiments in a s e r i e s  because  rumen liquor loses potency 
within a week if stored under deep  f reeze  conditions. Alternatives a re  to u s e  the  same  fistulated 
animals kept  under the  same  conditions or to incorporate with every experimental rumen a standard 
sample. All resu l t s  then a re  compared back to the  standard.  T h e s e  workers found variations in 
the  volati le fatty ac ids  produced from fresh and dried grasses .  They sugges t  the  variations a re  
due  to carbohydrate changes tha t  occur during s torage  and drying of the  grasses .  Slaughtered 
sheep  provide the  rumen liquor. T h e  d i e t  of t h e  sheep  before slaughter was  not reported. 

17. Barnett, A. J. G., and R .  L .  R e i d .  1961. Reac t ions  in  the rumen. Edward Arnold Ltd.  252 p. ---- 
P a g e  39. An important function of t he  fistulated animal is, of course,  as  a source  of rumen fluid 
or in vitro experimentation, but un less  such  material is pooled there is a poss ib le  danger of t he  
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resu l t s  obtained being "standard" only f o r  one  animal or for one  animal on a particular diet. 

Page  40. Simple incubation of rumen liquor is likely only t o  provide useful information if the re- 
action period involved is of short  duration. 

18. Bartk, J., and S ,  S. Hansord. 1961. Comparative e f fec ts  of calcium to  phosphorus ratios and 
l eve l s  upon in vitro availabil i ty of phytin and inorganic phosphorus. J .  Anim. Sci, 20(2): 396. 

19. B t ~ ~ m g ~ r d t ,  B .  R.., and kc. K .  Oh. 1964. Evaluation of forages in the  laboratory. IV. Within and 
ainong trial variability of the  Wisconsin art if icial  rumen procedure. J. Dairy Sci. 47: 263-256. -- 
T h e  optimum time for fermentation s tud ie s  should b e  es tab l i shed  within each  laboratory s ince  
there n a y  be  variation i n  the source  and activity of rumen fluid inoculum. T h i s  t ime should be  
chosen to maximize the  correlation of in vitro and in vivo da ta  and minimize within- and among- 
trial variation. T h e s e  workers used  a 100-ml tall-form beaker. If th i s  beaker i s  used ,  no  transfer 
is involved, s ince  t h e  entire procedure, even the final ash ing  (2.5 hr a t  SOO"C), is accomplished 
in the beaker. Forages  ground through a 60-mesh screen  had a significantly higher apparent cellu- 
l o s e  digestibil i ty than when ground through a 40-mesh screen .  Additionally, there was  a forage x 
mesh interaction because  the  effect of grind f ineness  w a s  much greater on g ras ses  than on alfalfa. 
One method, however, does  not appear better than the  other when compared to the in vivo data.  
More finely ground forage t e n d s  to  produce a repeatable sample more eas i ly .  Increasing the  num- 
ber of t r ia l s  dec reases  the  staridard error more  than increasing the number of rep l ica tes  within a 
trial. In t hese  s tud ies ,  t he  workers include a control hay, but i f  t he  djgestihilhty of the control 
hay devia tes  less than five digestibil i ty units,  no correction i s  made. If the  deviation is more 
than five units,  t he  en t i re  tr ial  is considered abnormal, and the  da t a  are discarded. T h i s  was  
done because variahility did not decrease  after the  d a t a  were adjusted according to the  digext- 
ibility of a control forage. Day-to-day variation was  significantly less for the  40 hr fermentation 
than for any of t h e  shorter times. 

20. Baierngoadt, B .  R., M. W. Taylor, and J. L .  Cason. 1962. Evaluation of forages i n  the  laboratory. 
11. Simplified art if icial  rumen procedure for obtaining repeatable es t imates  of forage nutritive 
value. J. Dairy Sci. 45: 62-68. U s e  of the  art if icial  rumen specifically for t he  quantitative 
estimation of nutritive value was  first recorded by Pigden and Bel l  in 1955 i n  an abs t rac t  in  the  
Journal of Animal Science.  In one s e r i e s  of t r ia l s  they found digestibil i ty in vitro t o  be  signifi- 
cantly correlated with that in vivo whereas in  another s e r i e s  of t r ia l s  it was not. Variations 
in the  diet  of t he  fistulated,  inoculum-donor cow could possibly account for t hese  differences. 
T h e s e  woikers emphasize simplicity, standardization, and repeatability in developing their meth- 
ods. Each of t h e s e  factors i s  highly important i f  a routine method is to give cons is ten t ly  reliable 
es t imates  of nutritive value. A n  all-glass sys tem capped with a Bunsen  valve was  used .  Th i s  
system gave resu l t s  comparable to a semi-permeable membrane system for ce l lu lose  digestion 3nd 
volati le fatty acid patterns. 
trace-mineralized s a l t ,  bone meal,  and water was  used  to d iges t  severa l  g rass ,  alfalfa,  and trefoil  
hay samples.  T h e  amount of ce l lu lose  i n  the rumen fluid inoculum was  subtracted to correct re- 
su l t s .  A standard forage w a s  included a t  e a c h  d a t e  to correct for inoculum variations. They ex- 
amined forage subs t ra te  l eve l s  of 0.5, 1.9, and 1.5 grams i n  30 ml of buf€er mineral solution and 
25 rnl of iumcn fluid. T h e  percent ce l lu lose  d iges ted  w a s  not affected. They used  R 1-gm sample 
a s  a standard. Samples on four d a y s  during a two-month period from a cow on the same diet  and 
the same  ce l lu lose  source  yielded a ce l lu lose  digestibil i ty coefficient of variation of only 1.7%. 

Rumen fluid from a s ing le  cow on an all-hay d ie t  supplemented with 

21. Belosco, I .  J .  1954. Comparison of urea and protein meals as  nitrogen sources  for rumen micro- 
organisms: urea utilization and ce l lu lose  digestion. J .  Anim. Sci. 13: 739-747. 



Belasco, I .  J .  1956. The  role of carbohydrates in urea uti l ization, ce l lu lose  digestion, and fatty 
acid formation. J. Anim. Sci. 15: 496-508. -- A culture was  subdivided a t  24-hr intervals for 
four success ive  periods. Urea uti l ization by rumen microorganisms in vitro was dependent on the  
amount and type of carbohydrate used  as the energy source. Urea uti l ization w a s  sl ightly greater 
with s ta rch  than with ce l lu lose .  T h e  end-products of digestion sugges t  different metabolic path- 
ways for t he  various Carbohydrate subs t ra tes  or a dynamic microbial population changing in num- 
ber and type with changes  in substrate.  

Bentley, 0.  G .  1960. A comparison of art if icial  rumen techniques,  p. 181-185. In  Oklahoma con- 
ference on radioisotopes in agriculture. USAEC. TID 7578. -- Principal subs t r a t e s  i n  artificial 
rumen s tud ie s  are energy sources ,  nitrogen, minerals, buffers, and growth ptomotants. T h e  pH is 
usually held a t  6.8 to 6.9. Anaerobic conditions a re  maintained by bubbling CO, or CO, + N, thru 
the mixture. T h e  optimum subs t ra te  level should b e  determined for each  system, for the  lack of 
subs t ra te  can  lead  to erroneous conclusions about the activity of a system. Washing of cells or 
even centrifuging to  separa te  cells from the  rumen ju i ce  seems  unnecessary i f  one is studying cel- 
lu lose  digestion of a forage. I t  would seem unwise to  u s e  an inoculum from an animal fed a high- 
grain ration for s tud ie s  on ce l lu lose  digestion in the  art if icial  rumen or to  u s e  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 digestibil i ty of subs t ra te  in in vitro diges- 
tion trials.  J .  h i m .  Sci. 24: 823-825. -- Three  alfalfa hays ,  a mixed g ras s  hay, orchard grass  
hay, and a native prairie hay were fed to two fistulated donor cows in order of descending protein 
content of t he  hay. T h e s e  cows provided the inoculum used for e a c h  subs t ra te .  The  in vitro 
system included 90-ml tubes,  e a c h  with 1 gm of subs t ra te ,  29 m l  buffer solution, small  amounts 
of glucose and urea, 25 m l  of strained rumen fluid, and CO, bubbled continuously through t h e  
solution for t h e  24-hr fermentation. The period of digestion was determined by the  time required 
t o  reach the recommended l eve l  of d iges t ib le  ce l lu lose  of t h e  three  standard forage samples .  
(Supposedly t h e s e  were th ree  standard forages submitted by the Eorage 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 l e a s t  variable. Digestibility 
of the subs t ra te  was  not significantly different when the inoculum w a s  from the same hay or 
when the inoculum and subs t ra te  were from different hays.  The hays  contained 7-18% crude 
protein and 26-37% cellulose.  T h e  digestibility of ce l lu lose  in the native and grass hays 
was  higher than  in  the alfalfa hays. There w a s  a highly significant difference in the ac t iv i ty  of 

the  inocula from the  two donor animals. Th i s  may have  been due to age,  for one  cow did not come 
to feed as quickly a s  the  other when hay was  changed,  nor did the former cow have as  large an 
appetite. When the same inoculum and subs t ra te  were used digestibil i ty was  about 51%; with dif- 
ferent inoculum and subs t ra te ,  digestibil i ty was  about 49%. Pe rhaps  the  lack of significant dif- 
ferences of an inoculum effect is due to  the fac t  tha t  there was  relatively good buffer and nutrient 
solution. Another oddity in th i s  tr ial  i s  that  the  donor cows were removed from feed a t  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 s tud ie s  have  indicated longer than ten 
days  are required for microbial populations to equilibrate t o  the new feeding conditions. 

Blake, J. T., R. 5 .  Allen, and N. L. Jacabsan. 1957. The  influence of various fac tors  upon sur- 
face  tension and pH of rumen fluid. J. Anim. Sci. 16: 190-200. -- T h e  pI1 of samples  collected 
orally from s t e e r s  differed from samples  collected by ruminal f i s tu las  from the  semisolid stratum 
ventral and medial to the  fistula.  Surface tension values of the  mmen fluid collected by these  two 
routes were s imi l a r .  
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23.  Bonsembiante, M. 1958. L’azione del saccaros io ,  in vitro e in vivo, su l la  a t t iv i ta  cellulosoli t ical  
dei  batteri del  rumine. Riv is ta  d i  Zootecnia.  Vol. 31: pp. 23-25, 

28. Bortree, A. L., K .  M. Dunn, R .  E. Ely,  and C. F.  Huffman.  1946. A preliminary report on t h e  
study of factors influencing rumen microflora. J .  Dairy Sci. 29: 5 4 2 4 4 3 .  

29. Bowden, D. M., and D. C. Church. 1962. Artificial iumen investigations.  I. Variability of dry 
matter and ce l lu lose  digestibil i ty and production of volati le fatty ac ids .  J .  Dairy Sci. 45: 972- 
979. T h e s e  workers bubbled CO, through 250-ml centrifuge bot t les  containing a 1-gm sample 
of forage, 70 ml of d is t i l l ed  water, 30 ml of a r t i f ic ia l  s a l iva ,  and 2.5 ml of sodium carbonate solu- 
tion. Inoculum was  obtained two to four hours after feeding from a s ingle  fistulated s teer  receiv- 
ing  a low-quality g ra s s  hay and mixed alfalfa-barley pellets.  Rumen liquor was  strained through 
cheesecloth and allowed to s tand  about 30 minutes. T h e  bottom liquid was then siphoned off for 
inoculation. Le t t ing  the  coarse material r i s e  to the  top  of the container reduced within-treatment 
variability. Dry matter determinations were made by filtering the  conten ts  of each  f lask  under 
suction through a fritted g l a s s  d i sc  crucible with a 40-p pore size. T h e  amount of material added 
by the  inoculum was  subtracted. Crucibles were dried a t  l l 0OC for 24 hr, cooled, and weighed, 
T h e  residue was then removed arid weighed into a 50-ml centrifuge tube for ce l lu lose  determina- 
tion. Crucibles were eas i ly  cleaned with a sulphuric acid-dichromate cleaning solution. T h e  
variable intake of water by the  fistulated s t ee r  may have  affected between-trial variability. N o  
effort was  made to control the  water intake of t he  s t ee r  prior to collection of rumen liquor. There  
w a s  a greater between-trial variability in ce l lu lose  digestion than in  dry digestion. Their resu l t s  
sugges t  that  some interaction between the  subs t r a t e  and inoculum resu l t s  i n  a greater or l e s s e r  
digestibil i ty of some fraction of the dry matter at the  expense  of ce l lu lose .  In vitro digestibil i ty 
of frozen forages and dried forages differed l i t t le.  T h e  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 a t  high temperature (by other 
workers) had lower dry matter d iges t ib i l i t i es  than when freeze-dried. Digestibil i ty variance be- 
tween t r ia l s  in which a standard alfalfa was  used  indicated differences in  the d iges t ing  capacity 
of rumen liquor collected from t h e  same s t ee r  on different days.  

owden, D. M., and B. C. Church. 1962. Artificial rumen investigations.  11. Correlations be- 
tween in  vitro and in vivo measures of digestibil i ty and chemical components of forages.  J .  Dairy 
Sci. 45: 980-985. -- They ran correlations between in vivo digestibil i ty determined with sheep  
to in vitro digestibil i ty determined with catt le.  They briefly reviewed the  l i terature concerning 
t h i s  point giving reference to severa l  other a r t ic les  and concluded that “it seems advisable for 
most accurate es t imates  to u s e  inocula from the  animal which is on a d ie t  of nutritional ingredi- 
en t s  as c lose  a s  poss ib le  to that being digested.” There i s  an indication that diffetences between 
g ras ses  and legumes may be  particularly marked in th i s  respect.  Their correlations between in 
vitro d iges t ib i l i t i es  and crude protein were sufficiently low tbat they would require marked differ- 
ences  between forages to be  de tec ted  by such  techniques.  

31. Bowie, W. @. 1962. In vitro s tud ie s  of rumen microorganisms, us ing  a continuous-flow system. 
Aril. J .  Vet. Res .  23(95): 858-868. 

32. Brown, W. H. 1959. Studies of t he  in vitro techniques  and the  e f fec ts  of diet  upon t h e  production 
and recycling of rumen volati le fatty ac ids .  Ph.D. Thes i s .  Univ. Maryland. 128 p. In stud- 
ies with washed ce l l  suspens ions  of bac te r ia  from rumen fluid, a fermentation period of less than 
1 hr gave  products from radioactive g lucose  in which the  relative composition of volati le fatty 
ac ids  was  similar to tha t  found in  whole rumen fluid. 

33. Bryant, M. P. 1960. Some a s p e c t s  of ruminal metabolism revealed by pure culture s tud ie s  of t h e  
indigenous flora. Int. Grassl .  Congr., Proc .  8: 518-522. 



34. Bryant, M. P. 1963. Symposium on microbial digestion in  ruminants: identification of groups of 
anaerobic bac ter ia  ac t ive  in the  rumen. J. Anim. Sci. 22; 801-813. -- T h i s  is a comprehensive 
review with major s ec t ions  on methodology and on some fea tures  and differentiation of spec ie s .  
Earlier review ar t ic les  a r e  c i ted ,  espec ia l ly  the  one  of Hungate (1960) in which the  ecological 
ana lyses  of rumen populations a r e  d i scussed .  Other a r t ic les  referred to d i s c u s s  various rumen 
microbial s p e c i e s  and the i r  culture and enumeration, metabolism, a n d  nitrition. Other cited 
a r t ic les  concern utility of pure-culture s tud ie s  and the  philosophy of bacteria1 c lass i f ica t ion .  
The  author concludes that a complete ecological ana lys i s  of the rumen microbial population is 
necessary  for a more complete understanding of ruminant metabolism. The  identification of 
individual s p e c i e s  is a n  important part  of th i s  ana lys i s ,  but t h i s  identification is difficult be- 
c a u s e  the  s p e c i e s  a r e  difficult to grow and  because  there a r e  many unknown variations in  
morphological and physiological charac te rs .  Furthermore, many workers have  used  poor methods 
and inadequate controls i n  es tab l i sh ing  known fea tures .  Some of the  more useful identifying 
features include morphology, fermentation products,  energy sources ,  and certain nutritional, 
cultural ,  serological,  and o ther  physiological charac te r i s t ics .  Consultation with experienced 
workers will  greatly expedite bac ter ia l  isolation and identification. No major group i s  now 
working on long-term c l a s s i f i ca t ion  and identification of rumen non-sporeforming anaerobic 
bacteria.  Th i s  s i tua t ion  needs  correction. 

35. Bryant, M. P., and 1. A. Burkey. 1953. Numbers and some predominant groups of bac ter ia  i n  the  
rumen of cows  fed different rations. J. Dairy Sci. 36: 218-224. -- Fis tu la ted  animals were fed  
d i e t s  of alfalfa hay concentrate,  wheat s t raw,  alfalfa hay, and concentrate. Protein varied from 
3.8% for wheat s t raw to  15.4% for concentrate. Bac ter ia  were examined from colonies  grown in 
culture tubes.  T h e  leve l  of feeding of hay-concentrate ration had l i t t l e  e f fec t  on t h e  numbers of 
bac ter ia  grown. T h e  number of starch-hydrolyzing bac ter ia  were found lowest on s t raw ration, 
intermediate on alfalfa and alfalfa-concentrate, and h ighes t  on concentrate. T h e  numbers of cel- 
lulase-digesting bac ter ia  i so la ted  var ies  with t h e  amount of crude fiber i n  the  ration. T h e  num- 
bers  of bac te r ia  which would produce ac id  from xylose  were h ighes t  in  samples  taken from animals 
on the s t raw ration. The re  were differences between animals not accounted for by ration effects.  
T h e  cellulolytic bac te r ia  consti tuted 5% of a l l  bac te r ia  o n  concentrate rations and 28% of bac ter ia  
on wheat s t raw rations. Although a higher proportion of cellulolytic bac te r ia  were found on t h e  
poor quali ty,  low protein wheat s t r aw than on  the  alfalfa hay of alfalfa hay  concentrate rations, a l l  
contained about t h e  same amount of bacteria.  

36. Bryant, M. P., and R .  N .  Doetsch. 1955. F a c t o r s  necessa ry  for t he  growth of Bactero ides  suc- 
c inogenes  in  t h e  vola t i le  ac id  fraction of rumen fluid. J .  Dairy Sci. 38: 340-350. 

37. Bryant, M. P., and I .  M. Robinson. 1961. An improved nonse lec t ive  culture medium for ruminal 
bac te r ia  and i t s  u s e  in determining diurnal variation in  numbers of bac te r ia  i n  the  rumen. J. Dairy 
Sci. 44: 1446-1456. Significant differences appeared in  nonse lec t ive  v iab le  counts  of ruminal 
bac te r ia  obtained from samples  of rumen contents  co l lec ted  a t  different t imes 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 bac te r ia  (expressed  as colony counts  x 10g/g) varied from 
about 1 to 3.2, with daily extremes a t  0900 and 1900. On a grain ration, extremes varied from 
about 2.2 at 0800 to about 11 a t  1100. T h e  count dropped between 0500 and 0700. T h i s  corre- 
sponded to the  first  water in take  each  day. T h e  bac ter ia  decreased  further during t h e  first  one  
to two hours after feeding, possibly due  to a dilution of t h e  conten ts  with feed and sa l iva .  T h e  
numbers then rapidly increased  for two to four hours, after which they declined on t h e  grain ration 
or plateaued on t h e  hay  ration to near  t he  early morning l eve l s  before water and feed had been 
consumed. 

38. Burroughs, w., N. A. Frank, P. Gerlough, and W. M. Bethke. 1950. Preliminary observations upon 
fac tors  influencing ce l lu lose  digestion by tumen microorganisms. J. Nutr, 40: 9-24. 



39. Burroughs, w., H. G.  Headley, W. M. Bethke, and P. Gerlaugh. 1950. Cel lu lose  digestion in good 
and poor quality roughages us ing  an art if icial  rumen. J .  Anim. Sei. 3: 513-522. -- T h i s  is an 
early u s e  of an in vitro sys tem to eva lua te  roughages commonly fed to ca t t le .  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, t he  apparatus was  dismantled, and the  fermentation residue 
was divided into two equal  portions. One was  saved  for chemical ana lys i s  and bacteriological 
examination. T h e  other portion served  a s  inoculum for a second 36-hr fermentation with a new 
supply of roughage. T h i s  procedure was  repeated during each  success ive  36-hr fermentation. 
Cel lu lose  in the  poor-quality roughages was  not digested efficiently without supplementation. 
Nitrogen a lone  had no effect ,  but ava i lab le  nitrogen combined with complex minerals greatly in- 
c r eased  ce l lu lose  digestion. Addition of manure extract  produced no furtber increase.  Cellulose 
in the  good-quality roughages was  digested as efficiently without supplements as with them, 
Among the  advantages  of t h e  artificial rumen system are  a precision which c a n  be  exercised over 
laboratory conditions,  the  number of animals that  can  be  compared, and the  efficiency ( in  terms 
of expense) of experimentation, espec ia l ly  i n  s t u d i e s  on synthe t ic  diets.  

40. Burroughs, ., C. Arias, P. DePaul, P. Gerlaugh, and W. M. Bethke. 1951. In vitro observations 
upon the  nature of protein inf luences  upon urea  uti l ization by rumen microorganisms. J .  Anim. 
Sci. 10: 672-682. 

41. Caballero, H., I .  0. Gcnlli, and J. E. Moore. 1962. A comparison of forage evaluation methods, 
Pape r  presented a t  the  54th annual meeting of the  American Society of Animal Science,  Chicago. 

5 p. The  evaluation of forages is considered today t o  b e  one  of the  most challenging prob- 
lems in agricultural research. In recent years ,  both economists and animal nutri t ionists have 
taken keener in te res t  in t h i s  matter and the  urgent need h a s  been recognized for more precise,  
rapid, and reliable methods for the  evaluation of forages. In th i s  study, various in vivo and in 
vitro procedures were uti l ized including a comparison of the  method of Quicke et al. and that of 
Tilley et al. in addition to ce l lu lose  solubili ty in cupriethylene diamine. Bermuda and Pangola  
g ra s s  hays were uti l ized. In vitro, there were greater differences between hays  a t  24 and 48 hr 
than a t  12  hr. Th i s  was  a highly significant interaction of hay and time. 

42. Chalupa, W., and D. D. Lee, Jr. 1966. Estimation of forage nutritive value f rom in vitro cellu- 
l o se  digestion. J .  Dairy Sci. 49: 188-192. -- They evaluated 25 forages in  a sys tem of 100-ml 
beakers with Bunsen va lves ,  25  m l  nutrient solution, 23 mg urea  and glucose,  20 m l  of filtered 
rumen juice,  an init ial  CO, flush only, and fermentation t imes of 6,  12 ,  18,  24 ,  30, 36, 48 hr. 
Digestion was  almost complete a t  about 30  hr. There  was  a l ag  in digestion a t  6, 12 ,  and 18, and i t  
differed for various forages. The re  w a s  higher correlation to in vivo data  a t  3 0  hr or more, than 
a t  l e s s  than 30 hr. Adjustment for day-to-day variability by means of a control forage decreased  
variability among trials.  'There was  no significant forage x trial interaction. 

43. Cheng, E .  W., G. Hall, and W. Burroughs. 1955. A method for t he  study of ce l lu lose  digestion 
by washed suspens ions  of rumen microorganisms. J .  Dairy Sci. 38: 122.5-1230. -- T h i s  was  
one  of the  earlier s tud ie s  us ing  washed suspens ions  of rumen microorganisms i n  in vitro s tudies .  
A large quantity of rumen fluid from t h e  fistulated animal w a s  centrifuged at about 1,000 rpm for 
1 minute, and the  protozoa and partially-digested feed par t ic les  were discarded. 
natant was  centrifuged again a t  about 5,000 rpm for 20 mimtes .  T h e  result ing sediment,  princi- 
pally rumen bacteria,  was  suspended in water or a phosphate  buffer and centrifuged again for 20 
minutes a t  5,000 rpm. After another washing, t he  final sediment was  suspended in  a nutrient 
solution. T h i s  technique was used  to study the  digestion of purified ce l lu lose ,  but could b e  
uti l ized in eva lua t ing  feedstuffs.  

T h e  super- 

44. Christiansen, W .  C., R.  Kawashima, and W. Burroughs. 1965. Influence of protozoa upon rumen 
acid production and liveweight ga ins  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 t he  four types.  Faunated lambs gained 
more rapidly and efficiently than protozoa-free animals. Rumen pH was  a l s o  lower, and fatty 
acid and ammonia l eve l s  were higher i n  the  inoculated lambs. A narrower acetate-propionate ratio 
was  observed in rumen inges ta  from faunated a s  compared with protozoa-free lambs. Inoculation 
with s ing le  types  of protozoa resulted in rumen changes  approaching those  observed when the  
inoculum included all four protozoal types.  T h e  implication of t h i s  study on in vitro evaluation 
of forages i s  tha t  protozoa may improve es t imates  of forage digestibil i ty compared to in vivo 
systems.  Products  of ce l lu lose  degradation by bac ter ia  might tend to alter t h e  ra te  or type of 
degradation which t akes  place.  Utilization of t h e s e  products by protozoa reduces this tendency. 
T h e  overall  rumen and feedlot resu l t s  sugges t  that  rumen protozoa can, under certain conditions, 
benefit t he  nutrition of t he  ruminant. T h e  method by which protozoa exert  t h i s  influence cannot 
be  described accurately from t h e s e  s tudies ,  In th i s  ration, about 50% were concentrates and 50% 
roughages. One would expec t  greater benefits  due to protozoa when rations are highly ferment- 
able, such  as high-concentrate rations. 

45. Christiansen, W. C., W. Woods, and W. Burroughs. 1964. Ration charac te r i s t ics  influencing rumen 
protozoal populations. J .  Anim. Sci. 23: 984-988. 

46. Church, D. C., and R. G. Petersen. 1960. Effect of severa l  variables on in vitro rumen fermen- 
tation. J. Dairy Sci. 43: 81-92. -- Effec ts  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 s i z e  of roughage subs t ra tes .  T h e s e  workers uti l ized a second- 
order central  composite des ign  in three incomplete blocks. T h i s  allowed the  s imultaneous evalu- 
ation of the  effect  of t h e s e  variables over a wide range of concentrations with considerably fewer 
treatments than would have been required had a full factorial  s e t  of combinations been used. 
Linear,  quadratic, and first-order interaction e f fec ts  of the  three variables were studied. Increas- 
ing l eve l s  of dried g ras s  added to fermentation f l a sks  depressed  percentage digestibil i ty 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 ce l lu lose .  T h e  optimum pH for ce l lu lose  
digestion appeared to  vary according to subs t ra te  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 b e  considered: rumen liquor source,  pH adjustments, 
quantity of liquor and substrate,  and particle s i ze ,  which should be standard as far a s  poss ib le  
within and among laboratories. Other variables,  such  as length of fermentation, addition of trace 
minerals, and e f f ec t s  of various techniques,  a r e  important also.  

47. Clark, K. W. 1958. T h e  adaptation of an art if icial  rumen technique to the  estimation of gross 
diges t ib le  energy of forages. Ph.D. Thes i s .  Purdue Univ. 110  p. -- Twenty-six samples  of 13  
grass  spec ie s  were studied us ing  an art if icial  rumen-pepsin-HC1 procedure. Cellulose digestion 
depended greatly on the  method of preparing the  rumen inoculum. The  most significant correlation 
between in vitro and in vivo diges t ib le  energy was  obtained when the  digestion with whole rumen 
fluid alone was  used, 

48. Clark, K. W., and 6. 0. Matt. 1960. T h e  dry matter digestion in vitro of forage crops. Can. J. 
P lan t  Sci. 40: 123-129. -- T h e  workers evaluated various forages and varieties of a given 
forage in in vitro systems. Large  seasona l  d i f fe rences  in digestibil i ty were de tec ted  by the arti- 
ficial rumen technique. Of spec ia l  in te res t  was  that t he  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. T h e  dry matter digestion coefficients of the  freeze-dried herbage 
were comparable to t hose  expected for herbage of similar quality digested in vivo. These  workers 

recommended that i n  us ing  the artif icial  rumen technique for plant breeding s tudies ,  all l i nes  
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should be  screened  in a s ingle  trial to 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 a t  85'C. 

Clarke, R .  T. J. 1965. Quantitative s tud ie s  of digestion in the  reticulorumen: 111. Fluctuations 
in the  numbers of rumen protozoa and their  poss ib le  role in bloat. New Zealand SOC. Anim. Prod., 
Proc. 25:96-105. -- T h e  concentration and to ta l  numbers of protozoa and of individual s p e c i e s  
were measured in cows fed red clover. Concentrations of protozoa varied widely. Tota l  numbers 
of protozoa increased after feeding and then dropped to a minimum a t  about 5 hr. Concurrently, 
there was  a gain in net rumen content from 0-2 h t  before a linear decrease  occurred. Total protozoa 
numbers were a maximu~n of about 5.2 x l o 9  and a minimum o f  about 2,8 x IO9. Protozoa concentra- 
t ions varied from a maximum of about 1 6  x 106/100 g of rumen content t o  a minimum of about 6 x 
106/100 g. T h e  marked diurnal variance in  to ta l  numbers of c i l ia te  protozoa in the  rumen w a s  
found to result  mainly from changes  in  the  holotrich population. T h e  changes  in  th i s  population 
depended, however, upon the type  of feed given previously. 'The drop in  numbers of one spec ie s  
was too  great to be the  result of passage  of i nges t a  out of the rumen, and probably i t  is attributable 
to  bursting of the  organisms in the period of 2-5 hr after feeding. T h e s e  rumen holotrich protozoa 
have a metabolic abnormality whereby they a re  unable to  control the s torage  of reserve polysac- 
charide ins ide  their bodies. In the  presence of e x c e s s  subs t ra te ,  they may burst  a s  a result  of 
continued synthes is .  Th i s  has  been shown both in vitro and in vivo. The  subs t ances  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 necessar i ly  the same in  various animals maintained on the same feed may be related to instance 
of bloat. 

Clarke, R. T. J., and R. E. Hungate. 1966. Culture of the rumen holotrich c i l ia te  Dasytricha 
ruminatiurn Schuberg. Appl. Microbiol. 14:340-345. T h e s e  cultures were es tab l i shed  in a 
s a l t s  medium containing 30% clarified rumen fluid. Rumen fluid was  essent ia l .  There  was a 

posit ive correlation between formation of methane in the cultures and growth of c i l ia tes .  

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

52. Cline, J.  H., T. V .  Hershberger, and 8.  G. Bentley. 1958. Util ization and/or syn thes i s  of 
valeric acid during the digestion of glucose,  s ta rch  and ce l lu lose  by rumen micro-organisms ill 

vitro. J.  Anim. Sci. 17: 284-292. 

53. Davey, L. la., G. @. Ckeesemon, 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 bas i c  des igns  of art if icial  rumens have  been (1) impermeable sys tems in which rumen contents  
were incubated with spec i f i c  subs t ra tes ,  and (2) permeable sys t ems  in which rumen contents  were 
incubated with spec i f ic  subs t ra tes ,  the fermentation being dialyzed against  mineral solutions of 
varying composition. Generally, permeable sys t ems  are  c lose r  to the  in viva s t a t e  than imper- 
meable sys tems.  T h e s e  workers list a s e r i e s  of cri teria they consider necessary  for es tab l i sh ing  
the  validity of an art if icial  rumen system. They descr ibe  the  construction of an apparatus for con- 
tinuous flow s tudies ,  but the  sys tem is not su i t ab le  for la rge-sca le  evaluation of forages. 

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

55. Dehority, B. A. 1963. Isolation and characterization of seve ra l  cellulolytic bac te r ia  from in vitro 
rumen fermentations. J. Dairy Sci. 46: 217-222. -- Samples of rumen inges ta  were obtained 
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from a fistulated s t ee r  maintained on a d ie t  of mixed hay. T h e  bac ter ia  were obtained from a 
phosphate  buffer extract  of pressed  rumen ingesta.  Differential centrifugation was  used  to  ob- 
tain an inoculum cons is t ing  primarily of cellulolytic rumen bacteria. Various bacteria were cul- 
tured under anaerobic conditions. Roll t ubes  were utilized. Colonies  were picked from the  roll 
tubes and s tabbed  first  into s l a n t s  and then into tubes  of liquid medium containing cellulose.  
Stock cu l tures  were maintained by daily transfer to fresh media. F i v e  s t r a ins  were se lec ted  for 
detailed s tudies ,  including representatives of ruminal cellulolytic bacteria.  Their nutritional 
requirements differed, however, and t h e s e  requirements differed from those  previously reported. 

56. Dehority, 9. A. 1965. Degradation and uti l ization of i so la ted  hemicellulose by pure cultures of 
cellulotic rumen bacteria.  J. Bacteriol. 89:1515-1520. -- Hemicel luloses  from flax,  corn hulls,  
alfalfa,  oa t  hulls,  and f e s c u e  g r a s s e s  were  digested by pure cultures of eight bac te r i a l  strains.  
Three  s t r a i n s  of ruminococci were able to partially u t i l i ze  different hemicelluloses.  The  extent of 
degradation in uti l ization varied markedly among the  three  s t ra ins  and for the different substrates.  
Corn hull  hemicellulose was  most resistant t o  degradation and uti l ization. 

57. 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 ce l lu lose  by rumen microorganisms in vitro was  first  studied in de ta i l  by Marston in 
1948. Workers at t he  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 th i s  suspens ion  as inoculum in  a purified basa l  medium. T h i s  paper desc r ibes  a differential 
centrifugation method whereby a fraction of rumen bacteria containing primarily cellulolytic bac- 
te r ia  can  b e  obtained. A diagram is given of the  centrifugation scheme for determining the rumen 
bacteria which a re  cellulolytic.  For bovine and ovine rumen bacteria,  t he  fraction of bacteria 
s t i l l  in suspens ion  a t  1500 x G but sedimented a t  3000 x G contained the  majority of the  cellulo- 
ly t ic  activity. T h e s e  organisms were a l so  found in la rge  numbers in the  inoculum obtained from 
the rumen. T h e s e  microorganisms required both acid and biotin. 

58. Dent, J .  W. 1963. Applications of the two-stage in vitro digestibil i ty method to variety testing. 
J. Brit. Grassland SOC. 18: 181-189. -- T h e  Tilley and Terry sys tem was  uti l ized for var ie t ies  
of kale,  rape, cabbage,  clover, lucerne, and s i l age  maize. Resu l t s  with c rops  of t h i s  nature were 
somewhat less sa t i s fac tory  than have  been obtained in the p a s t  with grasses .  Rumen liquors ap- 
peared to vary in  their ability to dea l  with f eeds  containing appreciable amounts of starch. T h i s  
could account for a lack of reproducibility in  resu l t s  from week to week. It h a s  been observed by 
Warner tha t  t he  rate of s ta rch  digestion depends upon the  previous diet  of the  sheep. El Shazly 
indicated that ce l lu lose  digestion may b e  partially inhibited by the  presence  of starch. 

59. Dent, J. W., and D. T. Aldrich. 1966. The  in vitro digestibility of herbage spec ie s  and varieties 
and its relationship with cutting treatment, s t a g e  of growth and chemical composition. Int. Grassl .  
Congr., Proc. 10:419-424. -- Their in vitro technique is sufficiently precise tha t  in herbage 
trials over two years a t  two locations differences of 0.9 t o  3.2% have been es tab l i shed  between 
var ie t ies  . 

60. Doetsch, R. N., R. Q. Robinson, R. E. Brown, and J .  C. Shaw. 1953. Catabolic reactions of 

mixed suspens ions  of bovine rumen bacteria. J. Dairy Sci. 36: 825-831. 

61. Doetsch, R. N., R. Q. Robinson, and J.  C. Shaw. 1952. Techniques employed in cultural inves- 
t igations 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 .  h i m .  Sci. 19: 545-552. -- T h e s e  workers 
uti l ized an in vitro sys tem similar to  tha t  of Quicke et af. 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 
a t  3 ,  6 ,  12, 24, and 48  hr to examine rates of digestion. A good time curve of ce l lu lose  digestion 
aga ins t  fermentation time is given comparing different forages. T h e  prerequisite of a useful in 
vitro technique must b e  i t s  abil i ty to measure t h e  effect  on ce l lu lose  digestion of early l ag  dif- 
fe rences  in  fermentation between forages. I t  is necessary  to  include a standard i n  a l l  runs t o  
t e s t  repeatability and to compare techniques.  They proposed a 12-hr in vitro ce l lu lose  digestion 
b e  used  to  predict a nutritive value index for a forage. They found a correlation of about 0.90 be- 
tween in vitro ce l lu lose  digestion a t  12 hr and nutritive value irrdex for forages ranging in cellu- 
l o s e  digestion f rom 2 5 4 5 %  and nutritive value ind ices  ranging from 35 to 70. 

63. Dsnefer, E., E. W. Crampton, and L. E. Lloyd, 1966. The  prediction of d iges t ib le  energy in 
potential (NVI) of forages using a s imple in  vitro technique. Int. Grassl .  Congr., Proc.  1 0 ~ 4 4 2 -  
445. -- A pepsin solution dissolved in  €IC1 was used to determine percent dry matter disappear- 
ance  which was  found t o  be highly correlated with forage d iges t ib le  energy intake potential ex- 
pressed a s  NVI. An equation was  developed for 35 grasses and 1 4  legumes. 
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Drew, K. R. 1966. T h e  in  vitro prediction of herbage digestibil i ty.  N .  Zealand SOC. Anim. Prod., 
Proc. 2652-70. -- Experiments were conducted to  compare in vitro methods for predicting 
herbage digestibil i ty.  Incubation of the  t e s t  forage with rumen fluid from a grass-fed fistulated 
animal for 72 hr followed by a further 24 hr i n  acid pepsin gave  in vitro d iges t ib i l i t i es  very close 
to in vivo figures. A relationship of y = 1.014 x,  where y is in vitro organic matter digestibil i ty,  
was es tab l i shed .  Week to week variation w a s  greatly reduced when this method was  used  rather 
than a 48-hr microorganism digestion followed by 3 48-hr pepsin digestion. 

E I J h a z l y ,  K., B. A. Dehority, and R. R .  Johnson. 1960. A comparison of the  a l l -g lass ,  semi- 

permeable membrane and continuous flow types  of apparatus for in vitro rumen fermentations. J. 
Dairy Sci. 43: 1445--1451. -- All th iee  sys tems were uti l ized for 30-hr in vitro fermentations. 
Resul t s  among the  three differed l i t t le.  T h e  authors concluded that t he  cont inuousf low sys tem 
may b e  more useful for in vitro experiments carried out for longer periods, such  as  48-96 hr. One 
limitation of the  semi-permeable membrane is tha t  i t  apparently i s  attacked by bacteria and be- 
comes weakened after periods longer than 30 hr. T h e s e  authors sugges ted  the  u s e  of a s t r ip  of 
the  rumen wall epithelium as  t h e  membrane because  i t  may b e  involved in biochemical reactions. 
Microscopic examination showed the  bacteria that  had propagated in  30 hr varied l i t t l e  among the  
three sys tems,  

El-Shazly, K., B. A. Dehority, and R.  R.  Johnson. 1961a. Effect of s ta rch  on the digestion of 
ce l lu lose  i rz vitro and in vivo by  rumen microorganisms. 
compared ce l lu lose  digestion in  vitro with ce l lu lose  in vivo i n  nylon bags.  T h e  in vitro sys tem 
involved using the  resuspended phosphate buffer ex t rac t  of a rumen pulp, centrifuging th i s  extract ,  
and resuspending the  so l id s  in  buffer. T h e  rumen liquor for in vitro s tud ie s  came from the  same  
animals used  for the  in vivo s tudies .  When hay a lone  served  as a ration, t he  ce l lu lose  digestion 
ra tes  in vivo and in vitro were practically identical  for t h e  time period studied: 12, 24, 30 and 
48 hr. ‘There was a sigmoid curve for t he  resu l t s  on ce l lu lose  digestion. Corn added to  the  hay 
inhibited the in vivo ce l lu lose  digestion. Th i s  inhibition was  l e s sened  somewhat if the  corn w a s  

J. Anim. Sci. 20: 268-273. -- Workers 



supplemented by urea. Increasing t h e  corn-hay ratio to 2 : 1 almost completely inhibited ce l lu lose  
digestion in vivo, although in vitro there was  still considerable  ce l lu lose  digestion. T h e  da ta  
suggest  there  was  s t rong competition for e s s e n t i a l  nutr ients  in vitro with the resul t  that s tarch-  
digest ing microorganisms proliferated preferentially. There is a competition between the  cellulo- 
ly t ic  and the amyloltic groups of bacter ia  for nutrients, the major nutrient probably being nitrogen. 
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ods  of 24-30 hr. With sheep  maintained on a purified ce l lu lose  diet  there  was almost an identical  
time curve relationship between in vitro and in vivo ce l lu lose  digest ibi l i ty ,  but after 24 hr in vitro 
digestibility w a s  greatly increased over that  of the  sheep. The  rate of digestion in vitro for the 
s teer  seemed somewhat slower than tha t  of t h e  sheep.  For incubation periods of 24 to  30 ht the 
microorganisms cultured in vitro are  representative of those  in the  rumen when hay i s  used a s  sub- 
s t r a t e  both in vivo and in vitro. When the inoculum from the  hay-fed steer was  incubated in vitro 
with purified cel lulose,  there  was  an obvious proliferation of the  Gram-negative micrococci and a 
difference in  bacterial  concentrations.  The re  was  no marked morphological change in  the bacterial  
population up to 24 to  30  hr. 
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volat i le  fatty acids .  Biochem. J. 40: 252-256. 

72. Elsden, 5 .  R., and A. T. Phil l ipson.  1949. Ruminant digestion. Annu. Rev. Biochem. 17: 705- 
726. 
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would have no deleter ious effect on carotene u s e  i f  the  c lay  were incorporated into rations rich 
in the pigment. 
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79. Gall, h. S., and W .  L. Glows. 1957. T h e  bacteriology of the art if icial  rumen. Bact.  Proc.  (Amer. 
SOC. Microbiol.) p. 20-21. -- A comparison was  made of a n  all-glass impermeable apparatus and 
a permeable type  employing a cellophanc sack .  Fermentations were carried out for 24 t o  48 hr, 
and residual ce l lu lose  was  determined. Bacteriological counts  were made of Gram s t a ins  and 
anaerobic cultural  s e r i e s  designed to  culture rumen ba r t e r i a  from the  original rumen contents and 
the  material in both art if icial  rumens after 24 hr. The  bacteriological examination suggested that 
the  types of bacteria i so la ted  from the  permeable meiubrane sys tem compared favorably with those  
observed i n  their origiiial rumen contents .  T h i s  cont ras t s  with results from the impermeable s y s -  
tem. Although ce l lu lose  digestion was complete in both sys t ems ,  a n  accumulation of ce l lu lase  in 
the  impermeable rumen may account for this digestion rather than viable bacteria. It i s  clear t ha t  
the permeable sys tem more nearly resembles rumen digestion. 

80. Gilchrist, F. M. C., and A. Kistner. 1962. Bacteria of the ovine rumen. I. T h e  composition of 
the  population on a diet  of poor te f f  hay. J.  Agr. Sci. 59: 77-83. -- I. Studies were made of 
the composition of t he  population of the  ruinen bac ter ia  from sheep  on a diet  of poor teff hay 
(Eragrostis tef) .  In a study in which t h e  diet  of t he  sheep  was  reduced in quantity, but not 
changed in composition, there was  l i t t l e  or no influence on either t he  numbers or the  morpholog- 
ical types  of bac ter ia  of each  functional group. Diet  varied from 1200 to  300 g of hay  per day. 
In a la te r  experiment with alfalfa, rumen flora differed from those  of teff hay  not only in  signifi- 
cantly higher counts  of carbohydrate-fermented bacteria,  but a l so  i n  distinctive types  of cellulo- 
lytic bac te r ia  (Kistner et al . ,  1962). Whereas different types  of rod-shaped bacteria,  mainly 
slender Gram-negative rods and tiny coccoid forms were the  most frequent ce l lu lose  d iges te rs  in 
sheep  on teff hay, cocc i  of approximately 1 . 0 ~  diameter were invariably predominant in the  a l fa l fa  
hay-fed sheep. 

81. Gouws, L., and A. Kistner. 1965. Bacteria of t he  ovine rumen. IV. Effect of change of diet  on 
the  predominant type of cellulose-digesting bacteria.  J .  Agr. Sci. 64: 51-57. -- Sheep d i e t s  
alternated between alfalfa hay and teff hay twice. T h e  teff hay contained 2.8% crude protein and 
the  alfalfa, 13.6% protein. Cellulolytic bacteria were examined. When t h e  diet  was  changed from 
alfalfa t o  teff hay, t he  time required for certain s p e c i e s  of bacteria to e s t ab l i sh  themselves a s  t he  
most numerous cellulolytic organisms varied from two to  five weeks among different animals. 
When the  diet  changed from teff to alfalfa, Runtinococcus albus became the  predominant bacteria 
in a l l  sheep  within two weeks a f te r  the  change. In periods immediately following the  changes  in 
diet ,  cocci giving to r i s e  to  atypical colonies and zones  of ce l lu lo lys i s  transiently occurred as 
the  most abundant ce l lu lose  d iges te rs  in t h e  rumina of all the  sheep .  T h e s e  s tud ie s  sugges t  
that  relatively long  preliminary periods a re  required to  es tab l i sh  a ruminal population character- 
i s t i c  of the  diet. They sugges t  a l so  that a longer time is required when changitig from a good 
diet  to a poor d ie t  than from a poor diet  to a good diet .  
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young grazing sheep: IT. chemical composition, botanical composition, and in vitro digestibil i ty 
of herbage se l ec t ed  by esophageal-fistulated sheep .  J. Agr. Sci. 66:113-119. -- Herbage sam- 
p l e s  were collected a t  fortnightly intervals by sheep  with esophageal f i s tu lae ,  and digestibil i ty 



was measured in vitro, P a s t u r e s  being grazed were orchard grass ,  perennial  ryegrass ,  and ta l l  
f e s c u e  e a c h  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 w a s  made with a modification of the tech-  
nique of Ti l ley and Terry (1963) in which the  second pepsin digestion was omitted. T h i s  modifi- 
cation was  made because  much of the herbage organic matter was transferred to  the liquor when 
squeezing the extrusa.  Organic matter digest ibi l i ty  w a s  est imated from the in vitro ce l lu lose  
digest ibi l i ty  by a regression equation es tab l i shed  for 28 samples  dried at 8OoC for 24 hr without 
preliminary squeezing. T h e  original two-stage technique was used to  determine organic matter 
digestibility, T h e  source of rumen liquor is not given. Field s t u d i e s  were conducted in the 1963- 
1964 s e a s o n  in New South Wales. In the ear ly  part of the experiment, samples from the grass  
plus c lover  plots  had significantly higher organic matter digestibility and percent protein, but 
significantly lower percent ce l lu lose  than herbage f r o m  g r a s s  plots .  In t h e  latter part of the ex- 
periment there  w e r e  no significant differences.  Herbage from the “short” pastures  showed a 
significantly higher organic matter digest ibi l i ty  and percent protein and lower percent cel lulose 
than the herbage from the “long” pastures  throughout most of the experiment. Differences between 
these  t reatments  were not evident foi animal data. 

86. Gutierrez, J., and R. E. Davis. 1962. Isolation of saponin-digesting bacter ia  from the  rumen of 
bloating ca t t le  on ladino clover  pasture.  J.  Anim. Sci. 21: 819-823. 

87. Hale, E. B., C. W.  Duncan, and C. F. Hoffman. 1947. Rumen digestion s tudies .  J .  Nutr. 34: 
747-758, 

88. Hall, 0. G., H. D. Baxter, and C. S. Hobbs. 1961. Effect of phosphorus in different chemical 
forms on in vitro ce l lu lose  digestion by rumen microorganisms. J. h i m .  Sci. 20: 817-819. 

89. Hall, 8. G.,  C. D. Gaddy, C. S. Hobbs. 1959. Response by rumen microbes to  phosphorus from 
different supplements. T e n n e s s e e  Farm and Home Sci. Progress  Rep. 31. 4 p. 

90. Halliwell, G. 1959. T h e  enzymic decomposition of cel lulose.  Nutr.  Abstr. Rev. 29: 747-759. -- 
Cellulose is the world’s most plentiful, naturally-occurring organic compound. Up to 40% of plant 
res idues are composed of cel lulose.  T h e  capaci ty  to  degrade cel lulose may be present  in proto- 
zoa,  insec t  larvae, worms, wood-boring insec ts ,  sna i l s ,  and l impets,  but in  many of them the  en- 
zyme in question appears  to  b e  a polyglucosidase,  not a cel lulase.  T h i s  extensive ar t ic le  con- 
t inues with s e c t i o n s  on estimation of the  amount of ce l lu lose  decomposed and distribution of 
cellulolytic act ivi ty  in animal and microbial spec ies .  There is a good sect ion on c e l l u l a s e s  of 
rumen microorganisms in  which early work i s  reviewed. Enzymic preparations which decompose 
ce l lu lose  and mechanisms of the enzymic breakdown of ce l lu lose  are considered. 

91. Halliwell, G., and M. P. Bryant. 1963. T h e  cel lulolyt ic  act ivi ty  of pure s t ra ins  of bacteria from 
the rumen of cat t le .  J.  Gen. Microbiol. 32: 441-448. -- In vitro breakdown of degraded and 
undegraded var ie t ies  of ce l lu lose  by pure s t ra ins  of bacter ia  i so la ted  from the  rumen of ca t t le  was 
examined. The  capaci ty  of an organism or a cell-free enzyme to at tack any one  particular form of 
cel lulose is no criterion of i t s  ability to a t tack less degraded or undegraded types of cel lulose.  
It h a s  frequently been suggested that fibrous forms of ce l lu lose  are unsui table  subs t ra tes  for 
rumen microorganisms because  of the  relatively small  surface area exposed to at tack.  An in- 
creased suscept ibi l i ty  to biological a t tack that accompanies the transition from fibrous to powdery 
ce l lu lose  is l iab le  to  b e  assoc ia ted  not only with increased surface area, but also with degrada- 
t ive changes  in  the  ce l lu lose  molecules.  T h e s e  s tudies  have indicated that possibly different 
mechanisms are responsible  for t h e  breakdown of degraded and undegraded cellulose.  
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Harris, C. E. 1963. Comparison of in vivo and in vitro measurements of the  digestibil i ty of 
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t e s t s  on s i lage  maize is l e s s  satisfactory than for most crops. Resul t s  for brass ica  a re  gen- 
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Hershberges, T. V., T. A. Long, E .  W .  Hartsook, and R .  W. Swift. 1959. U s e  of the artificial 
rumen technique to estimate the  nutritive value of forages. J. Anim. Sci. 18: 770-779. -- 
These  authors indicate tha t  Marston (1948) was  probably the  f i r s t  to  study the metabolism of 
rumen microorganisms by culturing the  population of rumen microorganisms in vitro and determin- 
ing the end products formed. T h e s e  s tud ie s  were  followed by a se r i e s  of investigations by Bur- 
roughs et aI. in the  early 1950’s. Th i s  paper represents one of the early s tud ie s  of the  compari- 
son of in vitro and in vivo digestibil i t ies.  T h e s e  workers used  an all  g l a s s  in vitro fermentation 
sys tem,  a 24-hr digestion period, and pooled microorganisms from two sheep .  The resu l t s  were 
compared with in vitro fermentation. Correlations between 24-hr in vitro fermentation and in vivo 
cellulose digestion were 0.97. In vivo ce l lu lose  d iges t ib i l i t i es  ranged from approximately 55% to  
90%. In vitro ce l lu lose  d iges t ib i l i t i es  ranged from approximately 30% to 80%. 

Hidiroglou, M., P. Dermine, H. A. Hamilton. 1966. Chemical composition and in vitro digesti-  
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Hinders, R. G., R .  E.  Smith, D. K.  Nelson, and G. M. Ward. 1961. Preliminary observations 
on the use  of total  g a s  production from the art if icial  rumen to  es t imate  alfalfa hay quality. 
Paper  presented a t  t he  Western Division Meetings of t he  American Dairy Science Association, 
Moscow, Idaho, Ju ly ,  1961. -- T h e  poss ib le  u s e  of total  g a s  production measurements from 
hay samples  fermented in vitro was studied to  determine if th i s  simple and rapid method could 
be used to es t imate  the  degree of uti l ization of hay by rumen microorganisms. The  apparatus 
consisted of 50-ml Erlenmeyer f lasks  with airt ight 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 a t  39OC. A phosphate buffer, 1 5  m l ,  was  added to 0.5 g of alfalfa hay, and 
CO, was bubbled in to  the  f l a sks  for ten minutes. Rumen ju ice  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 t h e  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  run, and g a s  production measurements were determined as the  percentage of the  g a s  
produced by the  standard alfalfa hay. Nineteen alfalfa hay samples  were fermented in 
tr iplicate.  The  correlations of g a s  production t o  various chemical. cons t i tuents  were all equal 
to  or less than 0.50. 

102. Hobson, P. N. 1961. Some a s p e c t s  of rumen microbiology 1956-1960, p. 49-55. I n  Collected 
papers - summary and subjec t ,  Rowett Res.  Sta. 17. (Rowett Research Insti tute,  Bucksburn, 
England.) 
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104. Hubbett, F., Jr., E. Cheng, and W. Burroughs. 1958. Minerd requirement of rumen microorganisms 
for ce l lu lose  digestion in vitro. J. Anim. Sci. 17: 559-568. -- Washed suspens ions  of rumen 
microorganisms were prepared. Rumen contents were collected from s t ee r s  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  b e  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 ce l lu lose  digestion. 
Extremely low l eve l s  of copper, cobalt, zinc,  and boron depressed ce l lu lose  digestion. 

105. Huhtanen, C. N., and R. F. El l iot t .  1956. Fac to r s  influencing in vitro rumen ce l lu lose  digestion. 
J. Anim. Sci. 15: 1180-1187. -- The  semi-permeable membrane technique was used  to eva lua te  
the  digestion of purified ce l lu lose  sources  and alfalfa ce l lu lose  subjec ted  to  various treatments. 
On certain d ie t s ,  dialyzing s a c k s  containing the  rumen fluid fi l led with gas  in a few hours and 
would practically disintegrate,  No  actual digestion of the  sack  could b e  detected although i t  was  
very greatly weakened. T h i s  phenomenon of s ack  disintegration h a s  been noted only with anti- 
biotic-fed ruminants or on very prolonged (48 hr) incubation of rumen fluid. Alfalfa meal w a s  ex- 
tracted with boiling so lvents  in an attempt to dec rease  digestibil i ty of t he  ce l lu lose  by removal 
of postulated cellulolytic factors.  Studies on the  effect  of varying subs t ra te  concentrations 
showed tha t  t he  ce l lu lose  digestion of alfalfa meal was  approximately cons tan t  regardless of t he  
amount of subs t ra te  present i n  the semi-permeable bag. T h e  dilution of the  rumen fluid to one- 
fifth of the  original liquid volume had no effect  on ce l lu lose  digestion. Further dilution resulted 
in progressively less activity. Addition of valeric or i sova ler ic  ac ids  indicated that t hese  ac ids  
are normally present in sufficient amounts in the  rumen fluid or they can be readily formed by 
rumen microorganisms. T h i s  is important because  the  centrifuged ce l l  technique could give mis- 
leading information concerning the  requirements for ce l lu lose  digestion of the  normal rumen p o p  
ulations within the  animal. T h e  u s e  of various so lvents  in extracting the  alfalfa meal suggests 
that the poss ib le  stimulatory factor may b e  an alcohol-soluble protein. High l eve l s  of available 
glucose decreased  ce l lu lose  digestion probably because  the  organisms used i t  for a carbon source  
rather than the less available cellulose.  There  was  no evidence in th i s  study tha t  rumen fluid 
quickly deteriorates on contac t  with air or upon dilution. 
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f icial  rumen. J. Dairy Sci. 37: 328-351. -- T h i s  is a description of a miniature artificial rumen 
system. T h i s  system cons i s t s  of a small  cel lophane sack  suspended in a 4-02 screw-cap j a r  con- 
taining a solution s i m i l a r  i n  mineral composition t o  sheep  saliva.  T h e  whole system is placed in 
an incubator. T h e  ja r  must be opened after about 3 hr to relieve g a s  pressure.  Usual ly  incubation 
i s  from 16 to 24  hr. T h e  rumen sample  i s  placed in s ide  the  sack  with the feed sample to be  stud- 
ied, At t he  end of fermentation the  contents of t he  sack  are washed into a centrifuge tube, the 
fermentation is stopped, and the  tube is refrigerated until analysis.  In a study with 20 rep l ica tes  
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of rumen fluid, average digestion of a feed sample was  47% 14% (s.d.). In another study in which 
samples were taken from the  same animal a t  different t imes over a 2-month period, the  average 
was 46.2% i 3.8%. 

107. Hungate, R .  E .  1946. The  symbiotic uti l ization of cellulose.  E l i sha  Mitchell Sci.  SOC. J. 
62: 9-24. -- Various groups in the  animal kingdom harbor microorganisms which a c t  in 
symbiotic ways to  d iges t  ce l lu lose .  T h e s e  include termites and ruminants, the bes t  known 
examples,  as  well a s  horses ,  rodents, and certain bee t l e s .  Cel lu lases  are produced by fungi, 
actinomycetes,  molds, bacteria,  and protozoa. Also ,  cellulose-spli t t ing enzymes were discovered 
in barley s e e d s ,  in the  sna i l ,  and in a fungus found in t h e  rumen. Rumen bacteria vary in that 
some have an extracellular ce l lu lase  where others have  none. In the  termite, there is l i t t l e  mul- 
tiplication of protozoa between molts of the  insec t .  In the  rumen, in contrast ,  there is a con- 
tinuous growth of bacteria in protozoa with the  consequence that large numbers of them p a s s  into 
the ad jacent  portions of the  stomach and a re  d iges ted .  T h e  microorganisms a s soc ia t ed  with 
cellulose decomposition in horses ,  rodents, and in sec t s  other than termites have  not been in- 
vestigated in great detail .  It would appear,  however, t ha t  a n  init ial  anerobic ce l lu lose  fermen- 
tation occurs a s  a mechanism of the symbiotic uti l ization of ce l lu lose .  The validity of th i s  
hypothesis c a n  b e  determined only by further experimental  s tud ies .  

108. Hungate, R. E .  1960. Symposium: se lec ted  topics in microbial ecology. I. Microbial ecology of 
the rumen. Bacteriol .  Rev. 24: 353-364. -- The  rumen is an exceptional habitat  i n  providing 
constant conditions of moisture, pM, temperature, anerobiosis,  and food, and in being an  open 
sys tem in which no  stringently restrictive factors s u c h  a s  humoral defense  mechanisms limit t o  
a few the number of kinds of organisms which can  survive.  Among the  factors influencing vari- 
ation in counts of samples  a r e  variation in sampling procedures, counting method, time of s a m -  
pling after feeding, culture medium, cxposure to  oxygen during dilution, and other factors.  Many 
of the  bacteria i n  the  rumen a r e  dead. T h i s  may a l s o  vary with the diet .  It is poss ib le  that bac- 
teria in ca t t le  on a hay ration d i e  more readily than those  animals fed much concentrate,  or that  
they a re  seques te red  in the fibrous materials in a fashion not ea s i ly  disrupted by mixing. 

109. Hungate, R .  E .  1966. T h e  rumen and its microbes. Academic P r e s s  Inc. New York. 533 p. 
Th i s  book i s  a complete review of rumen microbiology with related d i scuss ion  of ruminant 

nutrition and physiology. It is based  on more than 25  years  experience by the  author and more 
than 2000 references.  Unfortunately, t i t l e s  a r e  not given for t he  references although inclusive 
pages of a r t ic les  a re  given. 'There is good historical  treatment of most a s p e c t s  d i scussed .  
Chapters in the  book espec ia l ly  pertinent to in vitro evaluation of roughages include those  on 
bacteria and protozoa of the rumen, the  rumen a s  a continuous fermentation sys tem,  and a sec t ion  
on in vitro evaluation of feedstuffs in a chapter  on poss ib le  modifications in ruminant feeding 
practices.  Of spec ia l  interest  is a comparison and d iscuss ion  of fermentation curves  giving 
some of their mathematical forms and properties. 

110. Hungate, R. E., G. D. Phi l l ips,  D. P .  Hungate, and A .  k c G r e g o r .  1960. A comparison of the 
rumen fermentation in European and zebu ca t t le .  J .  Agr. Sci.  54: 196-201. -- A comparison 
was  made of rumen fermentation by manometric methods of conten ts  from zebu and mixed-breed 
European catt le.  These animals were fed poor-quality g ra s s  hay, and another group was fed 
good-quality alfalfa hay. Hay was  fed a t  800 and 1600. Fermentation ra tes  of rumen contents  
varied from zebu to  European ca t t le  due  to  t i m e  of feeding, individual animals,  e tc .  The fer- 
mentation rate per gram of dry weight per hour w a s  greater i n  the zebu in most i n s t ances .  

111. Hungate, R. E., G. D .  Phillips, A.  McGregor, D. P.  Hungate, H. K. Buechner. 1959. Microbial 
fermentation in certain m a m m a l s .  Science 130: 1192--1194. 
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112. Ifkovits, R. W., H. S. Ragheb, R. F. Barnes, and L. 6.  Packett. 196s. A pure-culture inoculum 

method for evaluation of forage ce l lu lose  digestibil i ty.  J.  Anim. Sci. 24: 1092-1099. -- A 
s t a b  culture of Bacter iodes  succ inogenes  S85 was  utilized and was  maintained on a rumen- 
glucose-cellobiose agar  with weekly transfers.  T h e  time fermentation curve for this spec ie s  
showed tha t  the  percent ce l lu lose  digested of a g ra s s  followed a sigmoid relationship, whereas  
the ce l lu lose  digestion of an alfalfa sample  had relatively small l ag  effect  during in i t ia l  fer- 
mentation. After 48 hr,  for a l l  practical  purposes,  the  fermentation curves leveled off. The  
authors have  outlined a proposed technique for eva lua t ing  ce l lu lose  digestibil i ty by the pure 
culture method. Th i s  requires s te r i l i z ing  the  forage and  nutrient medium. The  advantage of 
this pure culture method is that there may b e  smaller within- and between-trial variations in 
the inoculum because  they are maintained as a pure culture. However, it does  not appear  th i s  
technique will  replace u s e  of t he  whole rumen fluid and the mixture of spec ie s .  Furthermore, i t  
will b e  necessary  to  test the effect of a ce l lu lase  from a s ing le  s p e c i e s  on a wide variety of 
forages. The  sys tem did, however, give good correlations with d iges t ib i l i t i es  obtained by 
other techniques. 

113. Jamison, H. M., and 0.  G. Ha l l .  1964. The  effect  of Thimet on in vitro ce l lu lose  digestion by 
rumen microorganisms. Tenn. Farm and Home Sci. Progr. Rept. 51: 4-6. -- In vitro rumen 
fermentation techniques were used  to eva lua te  the  influence of Thimet, an insecticide,  on rumen 
microorganisms. It was  postulated there might be some stimulation of rumen microbial activity 
due t o  Thimet. Whole rumen liquor was  compared with washed-cell suspens ions .  Thimet was  
added at 20, SO, 70, and 100  ppm in  the fermentation f l a sk ,  as wel l  as a t  lower concentrations.  
Beyond 10  ppm, Thimet decreased  ruminal microbial activity.  The  rate of decrease was  similar 
for washed-cell suspens ions  and  whole rumen liquor. Overall,  whole rumen liquor gave higher 
ce l lu lose  digestibil i ty va lues  than did washed c e l l s u s p e n s i o n s .  Rumen liquor conta ins  factors 
which increase  ce l lu lose  breakdown by bacteria under laboratory conditions.  The  nutrient medium, 
however, was  complete and included both inorganic and  organic materials.  

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

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

116. Johns, A .  T.  1951. T h e  mechanism of propionic ac id  formation by Yeillonella gazogenes.  J 
Gen. Microbiol. 5: 326-336. 

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

118. Johnson, R .  R .  1963. Symposium on microbial digestion in ruminants: in vitro rumen fermen- 
tation techniques.  J. Anim. Sci. 22: 792-800. -- A good histroical  review of t h e  develop- 
ment of in vitro sys t ems  is presented. A l i s t ing  of earlier review ar t ic les  includes such  a s  
Baker and Harr i ss  (1947), McNaught and Smith (1947), Phill ipson (1947), and Marston (1948). 
More recent reviews include those  of Moxon and  Bentley (1955), and Bentley (1959). Historical  
treatment begins with s tud ie s  and sugges t ions  of microbial importance a s  early as 1874-1882 
by Wildt, Zuntz,  and Ducleaux (cited by Marston, 1948). Then t h e  work of Tappeiner  between 
1882-1888 was  cited.  T h e  work by Zuntz  in 1891 is the  l a s t  c i ted  before some in 1922 by 
Henneberg. La te r  s tud ie s  by Hungate on individual bacteria are also c i ted .  This review is 
confined primarily to the  s tudy  of rumen microbial activity in mixed culture rather than in pure 
cultures.  Historical  development of sys tems per se  included tha t  of Woodman and Evans  (19381, 
Quin (1943), Pearson  and Smith (1943), Wagner et a2. (1940), and Marston (1948). The  publica- 
tion of McDougall’s mineral composition of s h e e p  s a l i v a  was  important because  it formed the 



bas i s  of most rumen fermentation mineral mixtures. T h e  b a s i c  types of in vitro sys t ems  include 
those  in which, after 36-hour fermentations, half of the previous fermentation se rves  as inoculum 
for the  next fermentation; semi-permeable membranes used  in a d ia lys i s  mixture; all-glass sys -  
tems; and continuous flow sys tems.  In all-glass sys t ems  Johnson et a[.  1958 showed that cel- 
lulolitic activity in vitro was  not greatly inhibited by concentrations of end products normally 
reached in the rumen fermentation media. Th i s  sugges t s  t ha t  perhaps the semi-permeable mem- 
brane i s  of extra work for l i t t le value. T h e  author ie i te ra tes  Warner’s cri teiia for a s s e s s i n g  
the validity of in vitro sys tems but la te r  defends the use  of simpler sys tems.  Various techniques 
for preparing the  inoculum are outlined. 
cheesecloth and incubated with carbohydrate or nitrogen subs t r a t e s  i n  the presence of cer ta in  
miiierals, (2) whole rumen fluid diluted to a greater ex ten t  with mineral so lu t ions ,  (3) rumen 
fluid from which coa r se  deb r i s  has  been separa ted  by slow-speed centrifugation, (4) rumen fluid 
from which bacterial  c e l l s  were separa ted  by high s p e e d  centrifugation, (5) resuspended bacteria 
using a phosphate buffer to re-extract fibrous pulp, and (6) washed ce l l  suspens ions  made from 
resuspended pulp. To study nutrient requirements of rumen microflora, i t  is necessary  to u s e  
high-speed centrifugation to remove all of the  cofactors that  might occur in the rumen fluid. 
Furthermore, by re-extracting these ,  t he  various types  of bac ter ia  can b e  partially separa ted  by 
high-speed Centrifugation. T h e s e  resuspended or washed ce l l  suspens ions  a re  used  to study 
nutrient requirements of microorganisms. T h e s e  techniques were used  t o  show tha t  valeric 
acid and biotin are growth stimulants for cellulolytic cultures.  The  author ag rees  tha t  i t  is 
bes t  to have the  animal on  the  same ration as  is be ing  s tudied  in vitro, espec ia l ly  i f  there is 

a wide variation in d ie t  and substrate.  The problem is somewhat complicated because  t h e  
rumen is continually being reinoculated with bacteria clinging to the  forage. Care should b e  
taken in maintaining the  source animal on a ration similar t o  that being t e s t ed  or at  l e a s t  on 
a standard control type. T h e  author l i s t s  various measures  of bacterial  activity including 
(1) bacterial  growth, (2) ce l lu lose  digestion and protein synthes is ,  (3) production of vola t i le  
fatty ac ids ,  (4) production of g a s  as  measured manometrically, and (5) disappearance of 
starch. U s e  of production of a g a s  is cautioned because  of t h e  lack of specificity and a l so  
because  a l ag  period i s  usually required before high ra tes  of gas production in an in vitro 
fermentation. Starch digestion is a poor criterion because ,  among other things, in cont ras t  
to ce l lu lose  digestion, if s ta rch  digestion is incomplete in the  rumen, i t  may proceed to com- 
pletion in the lower d iges t ive  tract .  Second, there a re  more and different organisms for di- 
gesting starch than there a re  for  d iges t ing  ce l lu lose ,  and these  organisms are  highly variable 
from day to day even on the same  ration. Vitamin syn thes i s  h a s  been studied from rumen bac- 
teria,  but generally is not a criterion of fermentation r a t e  or ex ten t .  The  author ind ica tes  that  
“certainly, one  of t h e  most striking applications of the in vitro rumen fermentation technique 
h a s  been the recent u s e  in forage nutritive value determinations. No attempt will  be  made to 
review th is  work here  but the  reader will be  referred to  such  references a s  . . .”. f i e  then refers 
to nine different papers.  In answer to one  of Warner’s cri t icisms on the  validity of art if icial  
rumen techniques,  the  author agrees  that they are i n  no way “artif icial  rumens” and should not 
be  called such. They a re  merely an  in vitro fermentation by rumen microorganisms. He indi- 
ca t e s  i f  the  researcher’s objective i s  not to attempt to s imula te  the  in vivo situation exactly,  
then various in vitro procedures that make no attempt to simulate the in tac t  rumen can b e  used  
to good advantage. Furthermore, considerably greater numbers of fermentations can usually b e  
run us ing  simpler techniques.  The  more recent a l l  g l a s s  in vi tro mmen fermentation system, 
such a s  used  i n  the  Ohio laboratory, cultures true rumen cellulolytic s p e c i e s  and the da ta  ob- 
tained from these  mixed cu l tures  a re  valid. H e  ag rees  with Warner’s cri t icism that ra te  phenomena 
assoc ia ted  with ce l lu lose  digestion may not b e  similar to t h e  ra tes  i n  the  rumen itself. T h i s  is 
true because  many factors affect  t he  l ag  phase  in measuring rates such  as the  media, buffer sys -  
tem, particle size of t he  ce l lu lose  subs t ra te ,  and inoculum preparation. He ind ica tes  i t  is only 
logical that ra te  phenomena studied in vitro should not b e  measured until  after t h e  l a g  phase.  
He furthermore ind ica tes  that  rate phenomena of t h i s  type can  not  legitimately b e  s tudied  unless  

T h e s e  include (1) whole rumen fluid strained through 
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subs t ra tes  a r e  non-limiting. He  concludes with sugges t ing  a few a reas  in which the technique 
h a s  been espec ia l ly  vital  in studying nutritional problems or in which it will undoubtedly be  
used in t h e  future. He  includes a s  h i s  l a s t  and major item the  in vitro forage evaluation s tudies .  
He s t a t e s  “this not only involves use  of the technique i n  p rac t ica l  forage evaluation se rv ices  
but i ts  use a s  a means of  s tudying  biochemical diEferences in plant t i s sues .  We have  found 

it i o  be  a very valuable tool in studying the nature of plant carbohydrates, their  digestibil i ty 
and their interrelationships.  In th i s  c a s e ,  rumen bacterin se rve  a s  an ‘analytical reagent’.” 

119. Johnson,  R. R., B. A. Dehority,  and 0. G. Bentley.  1958. Studies on the  in vifro rumen proce- 
dure: improved inoculum preparation and the e f fec ts  of volati le fatty ac ids  on ce l lu lose  digestion. 
J. Anim. Sci. 17: 841-850. -- Acomparison was  made of severa l  methods of treating the  inoc- 
ulum. T h e  first  involved express ing  rumen liquor through cheesecloth,  centrifuging in a Sharples 
centrifuge, resuspending the  sediment in a phosphate  buffer at pH 7, and us ing  this suspension 
to  inoculate t h e  in vitro fermentation flask.  A second improved inoculum involved discarding the 
liquor which was p a s s e d  through the  cheesec lo th  in the  former case, resuspending the  pressed 
pulp with phosphate buffer, resqueezing th i s  material through a p res s ,  filtering t h e  fi l trate through 
cheesec lo th ,  centrifuging in a supercentrifuge, and resuspending and us ing  th i s  material as the 
inoculum. A third study involved obtaining washed  c e l l  Preparations by recentrifuging the  final 
inoculum described above and resuspending i t  in fresh buffer. In t h e s e  s tud ie s  valeric acid was 
used a s  an additive or omitted. Further s tud ie s  involved aerating the inoculum for varying periods 
up to 30 minutes a t  room temperature with and without preincubation for varying medium. The  
second extraction (from the  pulp) gave approximately 60% more ce l lu lose  digestion than did the 
first extraction. Washing the  ce l l s  once  reduced the  cellulolytic activity t o  about one-third the 
original, and a second washing destroyed the  cellulolytic activity entirely. Aerating t h e  inoculum 
prior to  fermentation decreased  i t s  activity, but 60% of the  activity s t i l l  remained af te r  15 minutes 
of aeration. Incubation up to 2 hr  caused  a s l i gh t  decrease ,  but after 2 hr considerably decreased 
activity. U s e  of t he  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 separa ted  from the  fibrous m a s s  than in the f i r s t  extraction. These  
s tud ie s  also show that elaborate prac t ices  for maintaining anetobic conditions prior to innocu- 
lation of t he  f lasks  are unnecessary for measurement of ce l lu lose  digestion. 

120. Johnson,  R. R . ,  0. G. Bent ley ,  J. W. Hibbs, and H. R. Conrad. 
nutritional requirements of rumen microorganisms. Agr. Food Chem. 4: 627-631. -- The  im- 
portance of t h e  rumen microflora population in the nutrition of the ruminant animal is s t ressed .  
Consequently, many s tud ie s  on ruminant nutrition now emphasize the nutrition of the rumen 
bacteria themselves.  T h e  development of in  vitro techniques for studying their  nutrition h a s  
a s s i s t ed  t h e s e  investigations greatly. Among the  numerous s tud ie s  affecting the  concentration 
of the  bacteria in tunien is tha t  of the  concentration of cobalt  in t he  diet. A cobalt  deficiency 
is usually characterized by a seve re  loss of appetite,  drop in  numbers of bacteria in rumen, and 
subsequent  anemia and general emaciation, leading to  the death of an animal. Th i s  is mitigated 
primarily through a production of vitamin B ,  by the  rumen microorganisms. Cobalt promotes 
vitamin B , synthes is  by the  microorganism. Cobal t  def ic ienc ies  have  been cured by either in- 
travenous or oral  administration of vitamin B,,, providing suf f ic ien t  quantit ies are given. It i s  
not ye t  fully determined whether the vitamin B, is more important for the hos t  animal or for the  
rumen microflora. Techniques  of growing rumen bac ter ia  in laboratory f lasks  a re  valuable be- 
cause  one  is able  to control growing conditions and the  nutrient medium. Bacterial  activity then 
can be  measured by such  s tandards  as ce l lu lose  digestion, nitrogen utilization, vitamin synthes is ,  
and volatile fatty ac id  production. 

Johnson, R. R., B. A. Dehority,  H. R. Conrad, and R. R. Davis. 1962a. The  relationship of in 
vitro ce l lu lose  digestibil i ty of undricd 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 a t  
five periods during the  year. Pa r t  of the  samples  were p laced  in a dry ice chamber and stored 
prior to ana lys i s ,  and part  were dried in a forced draft oven at  65OC. Significant difference ex-  
i s ted  between the  digestibility of the undried and  dried samples  a t  12 hr but a t  no other t ime 
periods (6, 24, 30, and 48). The  inoculum used  in t h e s e  s t u d i e s  was a supernatant of a cen- 
trifuged whole bacteria suspension. At 12 hr,  the  undried samples  were about 7% more d iges t ib le  
than the dry samples .  'The correlation between dry matter digestibil i ty and 12  hr  in vitro digest-  
ibility was  not significantly different for undried and dried samples,  although the  former was  
slightly higher. No explanation was given for t he  difference in in vitro digestibility of the  un- 
dried and dried forages.  

Johnson, 8 .  Is., 
vitro fermentation and chemical solubili ty methods in estimating forage nutritive value. J .  
h i m .  Sci. 23: 1124-1128. 

. A. Dehority, K .  E. McClure, and J. L.  Parsons. 1964. A comparison of in 

Johnson, W. R., B. A.  Pehcrity, J. L. Parsons, and H. W .  Scott. 1962b. Discrepancies between 
grasses  and alfalfa when estimating nutritive value from in vitro ce l lu lose  digestibil i ty by rumen 
microorganisms. J. Anirn. Sci. 32: 892-896. -- Studies were made us ing  the in vitro technique 
of Dehority and phosphate buffer extract  microorganisms taken from a ruminal f istulated s t ee r  
maintained on a high-quality mixed hay with a high proportion of alfalfa. A variety of g ra s s  and 
alfalfa forages, 9-24% crude protein, were fermented. There  was  good correlation between in 
vitro and in vivo ce l lu lose  digestibil i ty only when the g ras ses  and alfalfa were evaluated in 
separa te  correlations.  T h i s  w a s  true whether t he  correlation was  for a 12-, 24-, or 49-hr fer- 
mentation period. Other work from the  Ohio laboratory indicated that lignification a f fec ts  ce l -  
lulose digestibility differently a s  g ras s  matures compared to alfalfa. 

Julen, G.fl and A. Lager.  1966. Use of the  in vitro digestibil i ty t e s t  i n  plant breeding. Int. 
Grassl .  Congr., Proc. 10:652-657. -- There were d i f fe rences  among plants in  the  d iges t i -  
bility of both the l eaves  and  the straw. P l a n t s  that  were late-heading tended to have lower dl- 
gestibility than s p e c i e s  that were early-heading. P l a n t s  that  were highly digestible a t  a certain 
s t a g e  of dcvelopment generally had a relatively high digestibil i ty at  other s t ages .  

K o m s ~ r a ~  L. B., and N. T. Miller. 
tivity as affected by ration change and season .  South Dakota Acad. Sci., Proc.  39: 84-48.  
-- Variations in pH and temperature of t h e  rumen and in vi t ro ce l lu lose  digestion activity were 
studied over a 28-week period. Some s tud ie s  were made on the  bacterial flora a s  related to 
seasonal  and dietary changes .  Changes in the  ration had much greater effect on all  factors 
studied than did seasona l  changes.  Changing the  ration from a high roughage to a low roughage 
invariably produced a dec rease  in ce l lu lose  digestion, lower pH, and somewhat higher tempera- 
ture. Weekly variations in many factors were high and tended to mask any effect  due to seasona l  
changes. Tota l  counts  of bacteria generally were about 1 x 10' per ml. Types  of bac te r ia  arid 
protozoa, however, changed markedly with ration changes .  

1960. Ruminal variation in pII, temperature and in vitro ac- 

Karnstra, L .  D., and M. M. Thurston. 1965. Determination of forage holocellulose digesti-  
bility by in vi t ro fermentations. S. Dak. Acad. Sci. ,  Proc. 33:122-127. -- The  holocel- 
lulose fraction i so la ted  from five forages and na t ive  prairie g ra s s  samples  was  digested in 
vitro in a 48-hr fermentation. The  digestibil i ty of t h e  en t i re  holocellulose fraction was  
greater than the  ce l lu lose  portion i n  m o s t  ins tances .  T h i s  ind ica tes  tha t  t he  hemicelluloses 
a re  more digestible than cellulose.  The  hemicelluloses appeared to b e  d iges ted  almost com- 
pletely within the  48-hr fermentation period. T h e  digestibil i ty of the  holocellulose fraction 
decreased  greatly as  plants na tured .  T h i s  dec rease ,  in general ,  was  greater than the de- 
c rease  in digestibil i ty of ce l lu lose  with maturity. 
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127. K a m s t r a ,  L. D., A. L. Moxon, and 0. G. Bentley. 1958. T h e  effect of s t a g e  of maturity and 
lignification on the  digestion of ce l lu lose  in forage p lan ts  by rumen microorganisms in vitro. 
J, Anim. Sci. 17: 199-208. -- T h e  suspended microorganisms were used  in an in vitro system 
in which the  b a s a l  medium was  a complex mineral mixture with added biotin, para-aminobenzoic 
acid, and valeric acid.  Cel lu lose  digestion of t he  whole plant and various ce l lu lose  fractions 
such a s  i so la ted  ce l lu lose  and holocellulose were s tud ied  in vitro. Orchard grass ,  alfalfa, and  
timothy a t  three s t a g e s  of maturity were investigated.  Separation of the  ce l lu lose  from lignin 
greatly improved its digestibil i ty in vitro. Cel lu lose  in holocellulose was similar in d iges t -  
ibility to  i so la ted  ce l lu lose .  T h i s  ind ica tes  tha t  lignin but not hemicellulose has  a n  inhibitory 
effect on ce l lu lose  digestion. Cellulose digestion decreased as t h e  plants matured. A good 
figure is given showing the  percent ce l lu lose  d iges ted  with increasing fermentation times from 
about 4 to 30 hr for four different s t a g e s  of maturity. They found the  end point in ce l lu lose  di- 
gestion was  near  24 hr. 

128. Kistner, A. 196.5. P o s s i b l e  fac tors  influencing the  ba lance  of different s p e c i e s  of cellulolytic 
bacteria in the rumen. p. 419-432 in: Dougherty, R. W. et al. Physiology of digestion in the 
ruminant. Butterworths, London. --Historical development of microbiological a s p e c t s  of the 
rumen is considered. An excellent diagram summarizes factors affecting the phys ica l  and  
chemical  nature of t he  d ie t  ea ten  and the  environmental conditions in the rumen. T h e  author 
emphasizes  that different bacteria ex i s t  differently in the rumen: some occur free in the rumen 
liquor, whereas  o thers  are fixed to solid food particles.  Thus, the method of sampling could 
give quite b iased  results.  All the  common cellulolytic s p e c i e s  of bacteria are normally present 
in the  rumen a t  a l l  t imes,  but their l eve l s  a t  any given t i m e  depend on the  extent of their  adap- 
tation to the  conditions then prevailing. After a change-over from one  diet  to another, spec ie s  
which are normally of minor importance in animals  on e i ther  diet may temporarily gain ascendancy.  
Th i s  means tha t  ca re  must b e  taken t o  ensure tha t  t he  animals used a re  fully conditioned when a 
study i s  made of the ruminal flora of sheep  or c a t t l e  on a given diet. T h e  redox potential  is known 
to he  an important factor in limiting the  growth of rumen bacteria,  but because  of the difficulty in 
poising media at different E, va lues  with a s ingle  redox sys tem,  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 ce l lu lose  d iges te rs  of t he  rumen. T h e  minimum s teady-s ta te  values of pCO, which 
w i l l  support optimum growth of common rumen bacteria are unknown. Most of t he  bacteria have  
simple nitrogen requirements, and ammonia can  s e r v e  a s  a major source  of nitrogen even i n  t he  
presence  of case in  hydrolysate. Some s t ra ins ,  however, have  complex nitrogen requirements, 
and most s t ra ins  require one  or  more of the  volati le fatty ac ids ,  n-valeric, isovaleric,  isobutyric, 
and 2-methyl butyric for growth. There is also a wide variation in the  requirement for B vitamins 
among s t r a ins  of different bacteria.  

K i s t n e r ,  A., a n d  L. Goows. 1962. Effect of change of diet  on the  predominant type of cellulose- 
digesting bacteria i n  the rumen of sheep .  XIII. Inter. Cong. Microbiol. H9. 2:41. (Abstract) 
-- On a diet  o f  4.6% crude alfalfa protein, Ruminococcrrs 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 Rurninococcus alhus when changing from a l fa l fa  t o  t h e  low protein diet .  

129. 

130. K i s t n e r ,  A., L. GQUWS, and F. M. C. Gilchr is t .  1962. t3acteria of the  ovine rumen. 11. T h e  func- 
tional groups fermenting carbohydrates and l ac t a t e  on a d ie t  of lucerne (Medicago sativa) hay. J. 
Agr. Sci. 59: 85-91. -- See Gilchrist and Kistner,  1962. 

131. Kitts, W.  D., and L. A. Underkofler. 
enzymes. Agr. Food Chem. 2: 639-645. -- In the  microbiological degradation of ce l lu lose ,  
specific enzymes a re  elaborated which a re  a b l e  t o  sp l i t  the  large polysaccharide molecule into 
smaller  water-soluble compounds. Many workers have  observed tha t  the  cellulolytic microorga- 
nisms from the  rumen act upon insoluble ce l lu lose  fibers only by direct  contact with the fibers. 

1954. Hydrolytic products of ce l lu lose  and the cellulolytic 



In this experiment, the  cellulolytic enzymes were not cell-free but  were tightly absorbed on the  
outer sur face  of the cell membrane. Poor  resu l t s  were obtained by us ing  supersonic  vibration 
to free the  enzymes from the rumen microorganisms. Cell-free ex t rac ts  were obtained, however, 
by a complex p rocess  of grinding, centrifugation, and resuspension. 

132. Knipfel, J.  E., and J. E. Troelsen. 1966. Interaction between inoculum donor d i e t  and sub- 

133. 

134. 

135, 

136. 

s t r a t e  in in vitro ruminant digestion s tudies .  Can. J .  Anirn. Sci.  46:91-95. -- A two-stage 
in  vitro digestion technique was used  for 1 2  and 48 hr with inoculum from s i x  ruminally 
fistulated wethers fed alfalfa hay, wheat s t raw hay, and barley grain separately and in  dif- 
ferent combinations. There  were significant interactions among inoculum donor d i e t s ,  in vitro 
subs t ra te  mixtures, and fermentation periods. Inocula containing a l l  feed ingredients gave 
similar d iges t ib i l i t i es  of each  subs t ra te ,  showing tha t  the microflora tnore quickly adapted 
to the  subs t ra te  when the  donor diet  contained all the  subs t r a t e  ingredients.  The  relative 
rank of quality of t he  s i x  subs t ra tes  estimated by in vitro digestibil i ty depended upon the  
inoculum donor d ie t  as  the  length of fermentation period. Forty-eight-hour fermentation 
periods with each  of the  inocula resulted in greater sp reads  in quali ty ranking of t he  s u b -  
s t r a t e s  than did 12-hour fermentation periods. Increasing the  proportion of alfalfa in the  sub- 
s t r a t e  increased t h e  difference between i n  vitro digestibil i ty of dry matter and organic matter, 
probably due  to  the  higher concentration of so luble  a s h  in the  alfalfa. 

Lambert, M. R., and N .  b. Jacobson. 
ce l lu lose  digestion by rumen microorganisms. J .  Anim. Sci. 15 509-514. -- Chlortetracycline 
in the  diet of cows  at  240 mg/day decreased  digestibil i ty of a purified ce l lu lose  from 45% to 34% 
and decreased  digestibility of ce l lu lose  in alfalfa from 59% to 45% as compared to  animals on the 
same diet  not receiving the  chlorotetracycline. 

1956. T h e  effect  of chlortetracycline feeding on in vitro 

Lampila, M. 1959. On the  effect of pH in vitro upon the  microbial p rocesses  in  the rumen con- 
tents of the  cow. Suomen Maataloustieteell isen Seuran Ju lka isu ja  94: 1-10. -- A study was 
made of the  e f fec t  of pH on the  fermentation ra te  of whole rumen inges ta  contents.  T h e  ruinen 
contents were put in sea l ed  f l a sks ,  incubated a t  3 9 T ,  and shaken  a t  1-hr intervals. pH was  
measured a t  2-hr intervals.  Range in pH was  from 5.0 to  6 .7 ,  and the  rate of production of 
volatile fatty a c i d s  was highest  a t  about pH 6.2. 

Leatherwood, J. M. 1965. Cel lu lase  from Ruminoccocus albus and mixed rumen microorganisms. 
Appl. Microbiol. 13: 771-775. -- Cel lu lase  was  extracted from mixed rumen organisms of 
s t ee r s  on a grass-hay d i e t  by centrifuging the  rumen inoculum through a continuous flow sys tem 
at 30,000 x g, discarding the  supernatant,  resuspending t h e  remaining ce l l s  and liquid in a phos- 
phate buffer, adding n-butanol, st irring the  suspens ion  for 18 hr, centrifuging again at 25,000 x g, 
and collecting t h e  c l ea r  supernatant fluid. T h i s  extract  w a s  dialyzed about 18 hr and s tored  until 
used  a s  a source  of ce l lu lase .  Sources of ce l lu l a se  were inves t iga ted  with acid-swollen ce l lu lose  
and carboxymethylcellulose a s  subs t ra tes .  Cel lu lase  was  extracted from pure cu l tures  of Rumino- 
cocccis elhus. Maximum activity occurred a t  approximately pH 5.8 a t  4 7 T .  Approximately 20% of 
the  ce l lu lase  of the  mixed rumen microorganisms w a s  immunologically similar t o  the  ce l lu lase  from 
Ruminococcus albus. The  mechanism of degradation ind ica ted  the two were s i m i l a r .  However, 
glucose is the  main product of ce l lu lose  degradation by Ruminococcus albus. This  art icle indi- 
cates “there are no reports i n  the  l i terature concerning cellulolytic act;vity in cell-free prepara- 
tions from pure cultures of rumen microorganisms.” 

LeFevre, C. F., and L. D. Komstra. 1960. A comparison of ce l lu lose  digestion in vitro and in 
vivo. J .  Anim. Sci. 19: 867-872. -- A comparison was  made between the  d iges t ive  power of 
the  inoculum from ca t t l e  and from sheep .  T h e s e  animals received rolled corn, soybean oil  meal, 
and medium quality alfalfa hay twice  daily. Inoculum was  secured before the  animals received 
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morning feed and water. In vitro ce l lu lose  digestion r e su l t s  (48 hr) were similar to those  obtained 
in vivo. Correlations for all  samples  combined w a s  only about 0.30; however, if six prairie hay 
rations were removed the  correlation increased  to about 0.84. T h i s  sugges t s  that  there is a bas i c  
difference in the  types  of bacteria in the  a n i m a l  on the high-quality d i e t s  a s  compared to those  
required to d iges t  ce l lu lose  on the low-quality d ie t s .  There  was  very l i t t l e  difference in their  
ability to digest  ce l lu lose  between the inoculum from sheep  and ca t t le  maintained on similar 
high-quali ty diets.  

137. Lewis, E .  (Ed . ) .  1961. Digestive physiology and  nutrition of t h e  ruminant. Butterworths 
Limited. London. 297 pp. -- This  is the  proceedings of t h e  University of Nottingham’s 
7th Eas t e r  School in Agricultural Science.  Of spec ia l  in te res t  is part I1 of th is  book con- 
cerned with metabolism in  the  rumen. Chapters  of in te res t  a r e  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 t he  Rumen on Diges- 
tion and Metabolism of Lipids,  Mineral Relationships of t he  Ruminant, and Techniques for 
Studying Rumen Metabolism with Special  Reference t o  the  Use  of Radioisotopes.  

Lloyd, L. E. ,  H. F. M. Jeffers, E. Donefer, and E. W. Crampton. 1961. Effect of four maturity 
s t ages  of timothy hay on i t s  chemical composition, nutrient digestibil i ty and nutri t ive value in- 
dex. J .  Anim. Sci. 20: 468-473. -- In vitro ce l lu lose  digestion decreased with advancing 
maturity s t a g e  of timothy hay. All four s t a g e s  evaluated had a sigmoid relationship between 
fermentation time and in vitro ce l lu lose  digestion percent. L a g  periods in the  s t a r t  of in vitro 
ce l lu lose  digestion appeared to be  related to the nutri t ive value of t he  forage spec ie s  studied. 
The  in vitro system tha t  was  used was  that of Donefer et al. (1960). Forages were evaluated 
a t  3, 6 ,  12, 24, and 48 hr. 

138. 

139. Louw, J .  G., H .  H. Will iams,  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 a l l -g lass  system for in vitro ce l lu lose  digestion. In th i s  study, ace t i c  and propionic 
ac ids  were formed in the same portions in both types  of sys tems,  but less total volati le fatty 
ac ids  per grams of ce l lu lose  digested were formed in t h e  semi-permeable bag. Acetic acid dif- 
fuses  a t  a greater rate from the bag  than propionic. There was  no attack by microorganisms on 
the bag. Such attack usually begins a t  broken or tom ends ,  and no such  sur faces  were exposed 
in these  experiments. Stirring of t he  contents of the  inner bag  of the  f lask  increased the extent 
of cellulose digestion; however, earlier s tud ie s  had  shown that rapid frequent st irring caused  
decreased  fermentation. 

140. MacLeod, R. A., and C. A. Brumwell. 1954. In vitro ce l lu lose  digestion by rumen microorganisms 
and i t s  stimulation by fishery by-products. Appl. Microbiol. 2: 130-135. -- Cel lu lose  digestion 
was  measured by the  loss in weight of a roll of vegetable parchment after fermentation. T h i s  fer- 
mentation was  conducted in tubes  with varying amounts of rumen liquor (strained) collected from 
ca t t le  from a slaughter house .  The  ca t t le  had  previously been fed alfalfa or timothy hay. Varying 
amounts of nitrogen supplements were included (fishery products). The  fermentation w a s  aided 
by a s a l t  mixture patterned after that used previously by Burroughs. Each  tube  was  stoppered 
with a one-hole stopper from which an outlet  tube ran. A s m a l l  bulb attached to the end of the 
tube and open a t  the other end was placed in a t e s t  tube  of water. Th i s  arrangement permitted 
e scape  of fermentation gases  while maintaining anaerobic conditions.  Fermentations were con- 
ducted from 70 to 120 hr, and were characterized by a l ag  period of approximately 36 hr during 
which microbial populations increased rapidly.  Nitrogen added almost  doubled the  ce l lu lose  
digestion. The  extent to  which nitrogen affected t h e  digestion was affected by the ration of 
rumen liquor to water i n  the inoculum. Maximum fermentations w e r e  obtained with a 1.5:l o r  

1 . O : l  ration of rumen liquor t o  warm air-free water. 
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141. 

142. 

143. 

Marquardt, 8 .  R., and J. M. Asplund.  1964a. T h e  e f fec ts  of water ex t rac ts  of forages on in 
vitro ce l lu lose  digestion by lumen microorganisms. Can. J. Anim. Sci. 14: 16-23. Water 
ex t rac ts  were made of 14 forages ranging from leafy alfalfa to wheat st.raw. Most of t h e  forages 
were legume and non-legume hays  and s i lages .  The  extraction procedure took 25% of the  dry 
matter, 40% of the  protein, and 60% of the a s h  in most of the  forages, but a much lower con- 
centration in wheat straw. T h e  water-extracted material  w a s  lypholized, and 200 mg were 
added to each  in vitro flask with 200 mg of sodium carbonate and 200 mg of purified cellulose.  
T h e s e  fermentations were compared aga ins t  a control medium outlined by Donefer. The  control 
mediums supported the  m o s t  rapid ce l lu lose  digestion. Of t h e  forage extracts,  on an equal dry- 
matter bas i s ,  t h e  wheat s t raw extract  supported the  f a s t e s t  ce l lu lose  digestion and the  grass  
hay extract  t he  s lowes t .  The other four ex t rac ts  supported intermediate rates.  The grass  hay 
extract  had similar composition to that of wheat s t raw except that  i t  had a much higher content 
of carbohydrates. Earlier work h a s  shown that la rge  amounts of readily ava i lab le  carbohydrates 
depress  ce l lu lose  digestion. In a l l  t r ia l s  t he  increase  in ce l lu lose  digestion when ex t rac ts  were 
supplemented with phosphate-sulphate and urea was  greater than the sum of the  inc reases  when 
these  supplements were added singly. Because  la rge  d i f fe rences  were necessary  to demonstrate 
significa7ce between forages, i t  is felt  that  t h i s  technique of us ing  aqueous ex t rac ts  is not suf- 
ficiently p rec i se  to  b e  used  as  a criterion of forage quality. 

Marquardt, R. R., and J.  M. Asplund. 1964b. The  effects of variations in volume of inocula on 
the in vitro ce l lu lose  digestion by m n e n  microorganisms supported by nutritionally inadequate 
media. Can. J. Anim. Sci. 44: 24-28. -- Washed and rewashed inocula were compared a t  
various volumes per milligram of ce l lu lose  with and without added urea. In a second experi- 
ment the  basal medium (Donefer) was  diluted. 
was compared with nonautoclaved inoculum. 
a s  the  volume of inoculum. However, volume of inoculum did not have  an effect on fermentations 
in the  basal medium. 
and millimeters inoculum a t  low l eve l s  of t he  basa l  medium. Success ive  increments of both fresh 
and autoclaved inocula supported increased  ce l lu lose  digestion. However, when the  fresh inoculum 
was used  in art if icial  rumen s tud ie s  where different fermentation media z re  used ,  and espec ia l ly  
where a constant fermentation time is used, great ca re  must b e  taken to standardize the  inocula 
or to control t h e  variation by s t a t i s t i ca l  means. T h e  effect  of the amount of inoculum on the  
maximum ce l lu lose  digestion supported by inadequate media was  not determined. Time durations 
were too short to eva lua te  this. 

In a third experiment autoclaved rewashed inoculum 
Cel lu lose  digestion increased  linearly (r’xy = .99) 

There was  a curvilinear relationship between percent ce l lu lose  digestion 

Marston, H. R. 1918. ‘The fermentation of ce l lu lose  in vitro by organisms from the rumeri of 
sheep. Biochem. J. 42: 564-574. -- T h i s  is one  of the  early de ta i led  s tud ie s  on in vitro 
fermentation. There  i s  a good review of the very early l i terature on rumen fermentation going 
back to Wildt, 1874, who sugges ted  tha t  microorganisms are  responsible for t h e  decomposition 
of ce l lu lose  in the  alimentary canal.  Marston’s apparatus cons is ted  of a 3.5 1 g la s s  v e s s e l  
with a stirrer, access ports for introduction of alkali ,  e lec t rodes  for pH and oxidation-reduction 
potential measurements, a thermo-regulator, an  in-going stream of N2, and an out-going stream 
of fermentation gases .  Cel lu lose  which was  digested was  “practically pure a lpha  ce l lu lose  
from birchwood” in two experiments and ce l lu lose  prepared from fil ter paper which had been 
suspended in sodium hydroxide and then washed with d i lu te  hydrochloric acid in the  other two. 
He provided a rather complex mixture of inorganic cons t i tuents  including ammonium sulfate,  
potassium acid phosphate,  magnesium su l fa te ,  and calcium chloride along with t r aces  of iron, 
copper, zinc, and cobalt. Inoculum was  obtained from slaughtered sheep  which had been fed on 
cereal hays.  The rumen inges t a  was  strained, the  liquid portion was  centrifuged (to remove con- 
taminants), the  supernatant was  separa ted  in a centrifuge and t h e  residual s ludge  was  taken up 
in a phosphate buffer and made up to  volume. Th i s  s ludge  material was u s e d  to  inoculate the 
flasks.  Upon inoculation, N 2  was  p a s s e d  through t h e  sys tem and then sodium carbonate buffer 



was  used  to bring the  pH to 6.8. Reaction w a s  ad jus ted  throughout t h e  run. Rapid stirring of 
the  flask conten ts  reduced the  rate of fermentation. Marston found ruminal fermentation yielded 
acetic ac id ,  propionic ac id ,  carbon dioxide, and methane as main products and smal le r  quantit ies 
of formic and buteric ac id  and t r aces  of acetaldehyde, pyruvic ac id ,  and l ac t i c  acid. 

144. McAnally, R. A. ,  and A .  T. Phil l ipson.  1944. Digestion in  t h e  ruminant. Cambridge Phi l .  SOC. 
Biol. Rev. 19: 41-54. 

145. McBee, R. H. 1953. Manometric method for t he  evaluation of microbial activity of rumen with 
application to uti l ization of ce l lu lose  and hemicelluloses.  Appl. Microbiol. 1: 106-110. 
-- Any major dietary change will b e  reflected upon t h e  microorganisms long before a change 
in the nutritional state of t he  animal could b e  detected by other means. T h i s  author used  a War- 

burg respirometer to s tudy  fermentation r a t e s  of rumen microorganisms. He  s t r e s sed  the  impor- 
t ance  of us ing  a f i s tu la  for sampling the  rumen microorganisms because replicate samples  taken 
from s t e e r s  by means of a stomach tube gave differences in r e su l t s  of over 100%. There  were 
large differences between whole rumen fluid, the  so l id  fraction, and the liquid fraction of the  
same  specimen. Diges t ive  ac t iv i ty  of fluid taken from a s h e e p  on alfalfa hay was compared to 
fluid from the  same animal after the  hay diet  had been supplemented with ce l lu lose  and hemicellu- 
lose. There  was  a n  inc rease  in the  ra te  of fermentation of hemicellulose when t h e  d ie t  was  sup-  
plemented with ce l lu lose  over that  found while t h e  animal was  on an exc lus ive  hay diet ,  and 
the l a g  in measurable fermentation of cellulose was reduced from a period of severa l  hours 
to about 15 minutes. Addition of hemicellulose to t h e  d i e t  gave a higher rate of fermentation 
than did the  basa l  hay  d ie t  but did not dec rease  the  l a g  in fermentation of cellulose.  All of 
the hemicellulose fermenters could not ferment ce l lu lose .  T h e  r a t e  of fermentation of various 
subs t r a t e s  is not  constant,  but is subjec t  to wide fluctuations following changes  in the  d i e t  
of the  ruminant. 

146. McDougalI, E. 1. 1948. T h e  composition and output of sheep’ s  sa l iva .  Biochem. J. 43: 99-109. 
-- An early relatively complete description of salivary composition. H i s  sugges ted  “artificial 
sa l iva”  became the  standard for many in vitro buffer sys tems.  

147. McNaught, M. L., E. C. Owen, and J. A. 5. Smith .  1950. The utilization of non-protein nitrogen 
in the  bovine rumen: 6. T h e  effect of meta ls  on the activity of the  rumen bacteria.  Biochem. J. 
46: 36-43. -- T h e s e  authors note “there a r e  grave doubts as  to  whether resu l t s  obtained with 
pure cu l tures  would he lp  much in elucidating the  p rocesses  occurring in the  normal rumen where 
a mixed population of bac ter ia  and protozoa is always found . . . and where symbiotic relation- 
sh ips  of one  s p e c i e s  of micro-organisms to another almost certainly obtain ” .  .” T h e  in vitro 
procedure in th i s  study was  to obtain rumen inges t a  from a permanently ruminal-fistulated cow, 
strain the  material  through muslin, centrifuge to  remove t h e  debr i s ,  strain the  centrifuged rumen 
liquid, and divide the  liquid into various portions to which urea  w a s  added to  provide non-protein 
nitrogen. Various meta ls  or che la t ing  agents  were added. Samples were obtained f rom the  flasks 
before and after a 4-hr fermentation, and their  non-protein nitrogen content was  determined. T h e  
decrease  in non-protein nitrogen occurring during incubation is correlated with an inc rease  in  bac- 
terial protein and was  the  measure of ac t iv i ty  (mg nitrogen/100 g rumen liquid). 

Meiske, J. C., R. L. Salsbury, J. A. Hoefer, and R. W. Luecke. 1958. T h e  effect  of starvation 
and subsequent  refeeding on s o m e  ac t iv i t ies  of rumen microorganisms in vitro. J. Anim. Sci. 
17: 774-781. -- T h e  inoculum used  w a s  s t ra ined  rwnen fluid obtained from a fistulated s teer .  
T h e  in vitro system w a s  a semi-permeable membrane s y s t e m  with incubation periods of 3,  6 ,  9, 
and 24  br. T h e  measure of d iges t ive  power of the inoculum w a s  t h e  dec rease  in viscosity of a 
s t ab le  suspens ion  eva lua ted  by the time required for a definite volume of the  solution to  flow 
through a calibrated capillary tube.  The  subs t r a t e  w a s  a 0.3% solution of carboxymethylcel- 
lulose.  Comparison w a s  made of t h e  s t ra ined  rumen fluid, a fraction centrifuged a t  1500 rpm 
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153. 

for 5 minutes (to remove protozoa and plant material), and a fraction prepared by centrifuging 
the material further a t  12,000 rpm for 110 minutes in a refrigerated centrifuge. Th i s  procedure 
removed the  bacteria and resulted i n  a cell-free preparation of rumen fluid. Various comhina- 
tions of timothy and alfalfa hay were uti l ized before and af te r  the s t ee r  had fas ted  for periods 
of 48--72 hr. T h e  d ie t  was  supplemented with a complex ration. The  pH of t h e  rumen fluid 
rose continuously during fas t ing  to a high between 7.6 and 7.9. T h e  ability of rumen fluid to 
digest  ce l lu lose  in vitro decreased  greatly when the  s t ee r  fas ted  for three days.  A11 fractions 
of rumen fluid a l so  decreased  in their activity upon carboxymethylcellulose. T h e  abil i ty to 
digest  ce l lu lose  in vitro was  normal 3-4 days  after resumption of feeding following fasting. 
There were no major differences in  ac t iv i t ies  of rumen microorganisms due to  the  type of hay 
and d ie t  recejved by the  s t ee r  before and after fasting. On a normal d ie t  there was relatively 
l i t t l e  ce l lu lose  d iges t ing  activity of t h e  cell-free preparation. However, during early refeeding 
following fas t ing  the  ac t iv i t ies  of t he  three fractions were approximately equal indicating that 
the enzymes were free of the  cell .  Shortly following refeeding a l l  portions of rumen fluid showed 
a higher than normal, but approximately equal activity on carboxymethylcellulose suspens ions  for 
a t  l e a s t  a short  time. The  ability to reduce the  v iscos i ty  of carboxymethylcellulose and the  abil i ty 
to hydrolyze ce l lu lose  a re  not necessar i ly  related and may not b e  accomplished by the  same enzyme. 

Miles, D. G., G. Griffith, and R .  J. K .  Walters. 
i ca l  composition and in vitro dry-matter digestibility of e ight  grasses .  J .  Brit. Grassland SOC. 

1964. T h e  effect  of “winter burn” on the chern- 

19: 75-76. 

Mohammed, A .  S. 1966. A comparison of different methods which es t imate  nutritive value of for- 
ages .  Ph .D.  Thes i s .  Univ. Tennessee .  91  p. -- The  washed-cell  suspens ion  method and  whole 
rumen fluids were used. Inocula were obtained froin a fistulated s t e e r  fed alfalfa hay. Fermenta- 
tion periods were 8, 12, and 24  hr t o  study 11 forages. Dry matter and ce l lu lose  digestion were 
evaluated. A sodium bicarbonate buffer but no nutrient medium was  used  with whole rumen fluid. 
In vivo digestibility vias nut well-correlated with in vitro ce l lu lose  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 s tudies .  Each sample  was  run in dupl ica te  in three tr ials.  

Moore, J .  E., R. R. Johnson, and 5. A.  Dehority. 1962. Adaptation of an in vitro sys tem to the 
study of starch fermentation by rumen bacteria.  J. Nutx. 76: 414-422.  -- Microscopic exami- 
nation of the  bacteria of different sheep  sugges ted  there would b e  differences in their microbial 
activity. Experiments were conducted in which the  grams of s ta rch  fermented were regressed 
with the milliequivalents of total  volati le fatty ac ids  produced. Graphs of t h e s e  da ta  sugges t  
the  relationship between the  two variables are similar for the three  sheep .  T h i s  sugges ted  that,  
although slight differences in microscopic appearance of t h e  mixed cu l tures  were observed, t hese  
18 mixed cultures may have  had the  same gross  metabolic ac t iv i t ies .  In another study there were 
no consistent differences between t h e  inocula from four s h e e p  in their  ahil-ity to ferment starch. 
However, in all  ins tances  the  sheep  were fed a constant d i e t  of ground she l led  corn, chopped 
mixed hay and soy bean oil m e a l .  Additionally a small amount of long hay was  fed to  prevent 
l o s s  of appetite,  and t race  mineralized s a l t  and water were offered ad libitum. A good description 
is given of the  sys tem for inoculum preparation by s t epwise  centrifugation. 

Morris, J .  G., L. E. Harris, J .  E. Butcher, and E. W. Cook. 
fermentation of sheep  grazing deser t  range forage as  influenced by supplements of nitrogen and 
phosphorus. J. Anim. Sci. 21: 1152-1158. 

1965. Indices  of efficiency of rumen 

Munch-Petersen, E., and A.  A.  James. 1964. A method of a s s e s s i n g  “free-living” and 
“attached” bacteria in rumen content. J .  Zentralblatte fur Bakteriologie Parasitenkunde, 
Infektionskrankheiten und Hygiene. 194:358-364. -- A spray unit  w a s  designed to separa te  
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rumen fluid in to  a fi l trate and other material. Isotonic culture medium in rolled tubes  w a s  
used  to  determine colony counts for t h e s e  two sources .  The  number of fert i le t ubes  sown 
with a filtrate was  higher than those  of the  untreated controls.  

154. Naga, M. M. A., and K. I. EI-Shozly. 1963. T h e  u s e  of t he  in  vitro fermentation technique 
to  es t imate  the  d iges t ib le  energy content of some Egyptian forages: I. The  in vitro diges- 
tion of ce l lu lose  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 t o  measure percentage cellu- 
l o s e  digestion. Percent  ce l lu lose  digestion w a s  correlated with in  vivo ce l lu lose  digestion 
and d iges t ib le  energy. Digestible energy of t he  legumes w a s  less well-correlated with in 
vitro ce l lu lose  digestion than w a s  d iges t ib le  energy of non-legumes. 

155. Nagy, J .  G., H. W. Steinhoff, G. M. Word. 
rumen microbial function. J. Wild. Manage. 28: 785-789. -- Extrac ts  of e s sen t i a l  o i l s  from 
big sagebrush (Arfemisia tridentata) were evaluated a s  they influenced fermentation ability of 
microbes from deer rumens and the  e f fec t  on digestive action in a s teer .  To obtain rumen fluid 
from deer, the deer were kil led by rifle shot.  Minutes after death the  rumen wall was opened and 
contents were placed into sterile containers.  The  e lapsed  t ime between killing the deer  and 
arrival of the  liquid in the  laboratory was about two hours. Preliminary s tud ie s  showed tha t  
keeping rumen fluid a t  lower temperatures for short  periods of t ime did not affect bacterial  fer- 
mentation. Rumen microorganisms occurred a t  about 4 x 109 /g  of rumen contents in the  deer. 
Kncreasing amounts of e s sen t i a l  o i l s  from big  sagebrush showed definitely decreased amounts 
of ce l lu lose  d iges t ion  by these  deer rumen microorganisms. Similar resu l t s  were obtained by 
manometric devices  for evaluating gas production. A s t ee r  fed sagebrush, per f i s tu la ,  at about 
3 kg/day soon had  a failure of appet i te  and rumen movement was  stopped. Replacing the  solid 
rumen contents with only the  liquid portion failed to  st imulate appetite.  
rumen contents with tha t  from alfalfa-fed cows reinitiated appetite.  Deer rumens contair, about 
10-20% sol id  material. Thus,  if t he  d ie t  contained 15-30% of big sagebrush, there would be  
only a sl ight decrease  in ce l lu lose  digestion. Greater leve ls  of sagebrush in the d i e t  could ap-  
preciably decrease  ce l lu lose  digestion rates in the deer. However, adaptation of the rumen 
bacteria while the  animals are continuously digesting sagebrush may b e  an important factor and 
should be  evaluated. 

1964. Ef fec ts  of e s sen t i a l  o i l s  of sagebrush on deer 

Replacement of the  

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

157. Ochi, Y., M. Ogata, 7". Mitsuoka, C. Kaneuchi, and H. Kawaguchi. 1960a. Studies on microflora 
in the alimentary tract  of l ivestock: I. Method for t he  culture of t he  bacteria in rumen. J apanese  
J. Vet. Sci. 22: 167-174. 

158. Ochi, Y., M. Ogoto, T. Mitsuoka, c. Kaneuchi, and H. Kawaguchi. 1960b. Studies on microflora 
in the alimentargr t rac t  of l ivestock: 11. Bacterial  flora in the  rumen of cows fed different rations. 
J apanese  J. Vet. Sci. 22: 233-239. -- No marked variations of flora occurred except  in  cows 
fed roughage (Lactococcus predominated) or concentrate (Rifidohacteriurn predominated), Counts  
were about lO7- lOs/1ul ,  and counts  were higher on concentrate d ie t s .  

159. Oh, H. K., 5. R. Baumgardt, and J. hi. Scholl. 1965. Evaluation of forages in the laboratory. 
V. Comparison of chemical  ana lyses ,  solubili ty t e s t s ,  and in vitro fermentation. J. Dairy 
Sci.  49:850-855. -- Prediction of digestibil i ty of crude protein, acid-detergent fiber, acid- 
detergent lignin, cell-wall content, ce l lu lose  solubili ty,  dry matter solubili ty,  ce l lu lose  di- 
gestion in  vitro, and dry matter digestion in vitro were related to  in vivo dry matter digesti-  
bility. None of t h e  chemical  components or solubili ty methods s tudied  should be used  to 
compare forages of different spec ies .  Bes t  resu l t s  could be  expected from a two-stage in 
vitro digestion. 
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160. BeIlermann, R .  A. 19G4. Nutritive value of Themedia triandra. I. The influence of variables on 
the  determination 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 m l  of rumen fluid was  
taken from each  sheep. Samples were pooled and transported to the laboratory, where the  material 
was pressed and the inges ta  was  iesuspended i n  a phosphate buffer. The  resuspended phosphate 
buffer extract was employed as the  inoculum for t h e  in vitro fermentations. T h e  in vitro system of 
Quicke et al. was  uti l ized. Cel lu lose  digestibil i ty was  evaluated for 12 to 72 hr o f  fermer.tation. 
Maximum ce l lu lose  digestibil i ty was  reached near 48 hr, but maximum time required for protein 
synthes is  on a g ras s  subs t ra te  was  near 24 hr. The  ra te  of ce l lu lose  digestion in vitro was  en- 
hanced by addition of u rea  to the  fermentation tubes.  The maximum leve l  of ce l lu lose  digesti-  
bility was  about 3% higher with urea than without urea.  The  conclusion was  tha t  urea  supple- 
mentation did not improve ce l lu lose  digestibil i ty with leaf sample as a subs t ra te  but it did with 
the  stem sample and with a purified ce l lu lose  sample (filter paper). Optimal ce l lu lose  digestion 
in vitro could not b e  obtained without nitrogen supplementation for t he  s t e m  sample and purified 
cellulose.  

161. Pant, H. C., J. S. Rawat, and A.  Roy. 1962. Studies on rumen physiology: I. Growth of fistu- 
la ted  animals and standardization of methods. Indian J .  Dairy Sci. 15: 167-185. A variety 
of s tud ie s  were made with buffalo, catt le,  sheep ,  and goa ts  to eva lua te  rumen fermentation tech- 
niques. The comparison was  made between rumen liquor obtained through a f i s tu la  by suction 
from l ive  animals and from slaughtered goa ts  on the  same  d ie t .  There  was  no significant dif- 
ference in the total  volati le fatty ac ids ,  ammonia concentration, or the  percentage ce l lu lose  
d-igestion in liquor samples  obtained by the  two techniques.  Percent  ce l lu lose  digestion in  
strained rumen liquor from goats  fas ted  for 24 h r  was  about 25% as compared to about 57% for 
fed goats. Fas t ing  apparently a f fec ts  t he  inoculum processed  by different methods in different 
ways. A comparison was  made of the ability to d iges t  pure ce l lu lose  powder by goats and sheep. 
1 h e s e  s tudies ,  spread over eight months, showed goat rumen liquor could d iges t  more ce l lu lose  
than sheep .  T h e s e  animals were allowed to graze  throughout t h e  year and tht-ie was considerable 
change in pas ture  quality. Some dietary habit  differences did occur; goa ts  grazed l eaves  of 
Jherberi, but sheep  did riot. 

? .  

162. Pearsen, R. M., and J. A. B. Smith. 1943. The  uti l ization of urea in  the  bovine rumen. 2. T h e  
conversion of urea to ammonia. Biochem. J .  37: 
dioxide, or nitrogen through fermentations of strained rumen liquor did not differ greatly among 
the  three gases.  Th i s  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--89OC 
showed a maximum rate of urea nitrogen conversion to ammonia a t  49OC. pH was  investigated 
over a range of 3-11. T h e  optimum was between 7 and 8. Rumen liquor samples ,  obtained 1 hr 
post-feeding of the hos t  animal, converted urea  to ammonia a t  a slightly,  but not significantly,  
fas te r  rate than a sample  collected a t  16 hr post-feeding. T h e  da ta  sugges t  tha t  40-80 g of 
urea could b e  converted in the  rumen (75 kg) in  one hour. 

148-153. -- T h e  ef fec ts  of pas s ing  air, carbon 

163. Pearson, R. M., and J. A. B. Smith. 1943. The  uti l ization of urea  in t h e  bovine rumen. 3.  The 
synthes is  and breakdown of protein in rumen ingesta.  Biochem. J. 37: 153-164. -- In th i s  
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 tha t  even after one day’s  in- 
cubation, great changes  had taken p l ace  so that  t he  “microbial picture” bore l i t t l e  resemblance 
to that of the init ial  sample.  Based  on  microscopic evidence, there w a s  no significant change 
in the “microbial picture” during init ial  2--4 hr incubation period. 
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164. Pettyiohn, J. D., J. M. Leatherwood, and R. D. Mochrie. 1964. Simplified technique for in vitro 
comparison and dry matter digest ibi l i t ies  of forages. J. Dairy Sci. 47: 1102-1104. 

165. Preston, R. L., and W. H. Pfander. 1961. Cel lulose,  s ta rch  and nitrogen leve ls  for maximum 
cel lulose digest ion by rumen organisms in vitro. Fed. Proc.  20:372 (Abstr.). -- Both small 
amounts of urea and cornstarch were required for maximum ce l lu lose  digestion in  Solka-floc. 
Their maximum rates  of digest ion were found in the 16-20 hr  period. 

Pritchard, G. I . ,  L. P. Folkins, and W. J .  Pigden. 1963. T h e  in vitro digestibility of whole 
grasses  and their par ts  at progressive s t a g e s  of maturity. Can. J .  P l a n t  Sci. 43: 79-87. -- In 
vitro techniques were used  to  inves t iga te  digestibility of heads ,  l eaves ,  and upper and lower 
stems of several  domestic forages.  The  most rapid decline in  in vitro digestibility began with 
head emergence. T h e  rate of decline for the heads  and s t e m s  w a s  greater than for the leaves.  
The  upper segments  of the  s tems tended to  have a lower in vitro digestibility than the basal 
segments . 

166. 

167. Pritchard, G. I., W. J. Pigden, Ond D. J .  Minson. 1962. Effect of gamma radiation on the  utili- 
zation of wheat s t raw by rumen microorganisms. Can. J. Anim. Sci. 4 2  215-217. -- The  ef- 
fects of gamma radiation (from 6oCo) upon the feeding value of wheat s t raw were determined by 
in vitro fermentations with rumen microorganisms. Exposure of s t raw to dosages  of 1 x l o7  rads 
caused  a s l ight  increase  in dry matter digestion, whereas higher exposures  caused  marked in- 
c reases .  The solubility of s t raw was  a l so  increased with dosages  of lo8  rads or more. Above 
2.5 x l o8  rads there was no increase  in  volat i le  acid production from the  fermentations.  T h i s  
sugges ts  that above th i s  level  of radiation the  carbohydrates are  dis integrated to such a degree 
that they are no longer su i tab le  subs t ra tes  for rumen microorganisms. T h e s e  s tudies  confirmed 
that  there  a re  nutrients avai lable  in  wheat straw, but that they a re  entrapped or encrusted by non- 
digest ible  subs tances .  T h i s  occurred even when the  wheat  s t raw w a s  ground through a hammer 
mill equipped with a 0.02-cm screen.  

168. Purser, D. E., and R. J .  Moir. 1959. Ruminal flora s tud ies  in  t h e  sheep ,  IX. The effect of pH 
on the  c i l ia te  population of the  rumen in vivo. Australian J. Agr. Res.  10: 555-564. -- No 
consis tent ly  s ignif icant  differences were  found in t h e  concentration of c i l ia te  protozoa a t  four 
different sites in the rumen, although there were s ignif icant  differences among sheep ,  Sampling 
at various t imes after feeding showed there was a marked diurnal f luctuation in  the c i l ia te  pop- 
ulation, the concentration after feeding falling to a s  low a s  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.  

169. Purser, D. E., and R. J .  Moir. 1966. Rumen volume a s  a factor involved in  individual sheep  
differences. J. h i m .  Sci. 25: 509-515. -- Rumen volume may have  a double influence on 
microbial subs t ra te  re la t ionships  within the  rumen when animals  with different eumen volumes 
are fed a t  the same level  of feed intake. F i r s t ,  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 subs t ra te  to microorganisms for a t  l eas t  a short  period of time. 
T h e s e  two sys tems present  vast ly  different ecological  environments, and it is likely that  th i s  
h a s  some effect on population composition and possibly a l so  on  metabolic relationships.  The  
second effect of a variable rumen volume on microbial re la t ionships  follows from die fact  that 
different percent dry matter of rumen content may occur. T h i s  a l so  may  affect the substrate-  
microorganisms relationship. T h e s e  authors concluded that f o r  comparative s tudies  different 
animals should be fed a t  the same proportions of their ad libitum intakes.  Animals with small  
rumen volumes exhibit  extended feeding habi t s  and possibly t h e s e  animals may be more efficient 
when feed intake is restricted because  they provide a more continuous and relatively act ive type 
of metabolism. T h i s  may be espec ia l ly  important for differences among animals in ability to 
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digest  feed when under grazing conditions. T h e  authors further sugges t  i t  may b e  advantageous 
to  u s e  groups of animals with similar rumen volumes for microbiological s tud ie s  and possibly 
a l so  for rate of p a s s a g e  s tudies .  Fo r  11 of their  sheep  of 62-76 k g  body weight, rumen volumes 
were 2.5-7.6 1 (rumen physiological volumes). There w a s  a pcs i t ive  correlation between dd 
libitum in takes  of material low in nitrogen and physiological rumen volume. 

170. Purser, €3, B., and R. J. Moir. 1966. Variations in  rumen volume and assoc ia ted  e f f ec t s  as 
factors influencing metabolism and protozoa concentrations in the  rumen of sheep. J .  Anim. 
Sci. 25: 516-520. -- This  study ana lyzes  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 i n  nitrogen uti l ization were the re- 
su l t  of variations in quantitative conversion o f  t h e  food protein to microbial protein and ammonia 
and of variations in the quality of the microbial protein. T h e s e  s tud ie s  ind ica te  that the  utili- 
zation differences among animals were related to microbial activity. Generally animals with 
small  rumen volume u t i l i ze  added nitrogen m o r e  efficiently than animals with large rumen volume. 
The  11. sheep  u s e d  in th i s  study had variations in concentration of bac ter ia  prior to feeding of 
7.7-12.7 1 0 9 / ~ 1 .  

17'1. Quicke, S. V., 0.  G. Bentley,  W .  W. Scott, and A. b. Moxon. 
as  a measure of the  digestibility of forage ce l lu lose  in  ruminants. J.  Anim. Sci. 
-- In th i s  study ruminal microbes were obtained from a s t e e r  maintained on good quality hay. 
The  Uiree types  of inoculum preparation compared were s t ra ined  rumen ju ice ,  a phosphate buffer 
extract  of the  rumen pulp, and centrifuged and resuspended ruminal microorganisms. Studies were 
run with 0 .2  g ce l lu lose  from different sources  which had been ground through a 40-mesh screen .  
Total  sample volume was  SO ml, temperature was  39OC, CO, w a s  p a s s e d  through the so lu t ions  
continuously, 5 ml of resuspended rumen inoculum fluid w a s  uti l ized, pH was adjusted a t  various 
intervals to 6 .9 ,  and 30-72 fermentation periods were used  for different experiments. Details a r e  
given on the basal medium and the  mineral mixture uti l ized in t h e s e  s tud ies .  Eight different 
grass  and alfalfa hays  were uti l ized. Preliminary study showed that 0.2 g ce l lu lose  per tube 
gave highest  digestibil i ty in 48 hr. Utilizing the same technique and samples ,  but with inocula 
obtained from an animal 011 t he  same d ie t  but a t  different da t e s  over a several-month period, the  
variance in in vitro da ta  was  less than that found in  sheep-trial  da ta  in most ins tances ,  and in 
no ins tance  was i t  greater. Comparison was  made of inoculum obtained from animals on brome- 
grass,  alfalfa,  and timothy hay. Generally the  digestibil i ty of ce l lu lose  in vitro of these  forages 
with the  different inocula  did not  vary greatly. The  s a m e  s t e e r  w a s  u s e d  in producing all three 
inocula. For a 30-hr fermentation there was  a significant difference in  the  digestibil i ty of alfalfa, 
and the inoculum prepared when timothy was  fed was significantly better than that obtained when 
bromegrass was fed. Chemical composition of t h e s e  hays  was  not given. Comparison of three 
methods of preparing the  inoculum showed that sl ightly higher resu l t s  were given with resuspended 
rumen microorganisms than for phosphate buffer extract ,  and both of t h e s e  were higher than for 
strained rumen ju i ce  alone, espec ia l ly  in the  c a s e  of f i r s t - s tage  bromegrass and second-s tage  
orchard grass  hays.  In d iscuss ion  of their  work t h e s e  authors sugges ted  that i t  would b e  de- 
s i rab le  to get a comparison of inocula from sheep  and ca t t l e  under similar conditions. Also they 
indicated that a t  l e a s t  one  standard sample  of known ce l lu lose  digestibil i ty should b e  included 
i n  each run. Furthermore, the  standard sample should cons i s t  of a forage rather than a purified 
ce l lu lose ,  particularly if a s imple  medium and inoculum are to be used. 

1959. Cel lu lose  digestion in vitro 
18: 275-287. 

172. Roun, N. S., W. Burrough, and W. Woods. 1962. Dietary fac tors  affecting volati le fatty acid 
prodiiction in the  rumen. J. Anim. Sci. 21: 838-843. 

173. Reid, C. S. W. 1965. Quantitative s tud ie s  of digestion in  the  reticulorumen. I. To ta l  removal 
and return of d iges ta  f o r  quantitative sampling in s tud ie s  of digestion in the  reticulo-rumen of 
catt le.  New Zealand SOC. Anim. Prod., Proc. 25: 65-84. 
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174. Reid ,  R. L., G. A. Jung, a n d  S. Murray. 1964. The  measurement of nutritive quality in  a blue- 

grass  pasture  us ing  in vivo and in vitro techniques.  J. Anim. Sci. 23: 700-710. -- TWO 
fis tulated year l ing wether sheep  were utilized. One was  fed a standard diet  of regrowth timothy 
hay and the other a grass  hay from various dates .  T h e  in vitro technique, that  of Barnett  and 
Reid, utilized samples  either freeze-dried and ground through a 40-mesh s i e v e  or else dried 
under a forced draft a t  65OC and then ground through the 40-mesh s ieve.  The rumen fluid ob- 
tained from one of the above t w o  sheep  was  s t ra ined whole fluid. Each tube received 0.6 g 

of forage dry matter which was fermented for 35 hr  with 20 m l  of McDougall’s nutrient medium 
plus 1 0  m l  of the s t ta ined rumen fluid. Anaerobic conditions were maintained by slow and 
continuous p a s s a g e  of CO, through the tubes ,  Dry matter and protein digestibility in  vitro 
were determined by filtering the fermentation mixture through a 140-mesh metal s i e v e  and wash- 
ing the residue thoroughly with water.  There w a s  a cons is ten t  and s ignif icant  increase  in the 
in vitro digestibility of both dry matter and cel lulose in  t h e  freeze-dried g r a s s e s  as compared 
to the oven-dried preparation. T h e  resul ts  with the fresh grass  tended to  be more variable,  
both between replicated samples  and between t r ia ls .  T h i s  was  expected because  of the  poor 
techniques for chopping or mincing the  fresh material. The  in vitro digestibility of cellulose 
was consis tent ly  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  col lect ion t r ia ls .  Thus,  in  this  instance,  t h e  ce l lu lose  digestibility was 
higher with ruminal microbes adapted to  a sheep  on a d ie t  different from t h e  one which was 
being evaluated. Although a l l  regression relating in  vitro to in  vivo digestibility were  com- 
parable, the h ighes t  R2 values  were  derived from the  in vitro ce l lu lose  digestibility of freeze- 
dried grass  us ing  ei ther  a grass  or hay inoculum. By means of multiple regression ana lys i s  
the e f f e c t s  of (a) growth phase,  (b) s t a g e  of maturity, (c) leve l  of nitrogen fertilization, (d) 
cutt ing management, (e) sample preparation, and (f) nature of rumen inoculum were evaluated on 
the in vivo-in vifro relation. All of t h e s e  factors  had a s ignif icant  effect on the  in vivo-in 
vitro digest ibi l i ty  ratios. T h i s  sugges ts  that  individual regression equations may b e  neces-  
sary for individual s p e c i e s  of forage and for  spec i f ic  in vitro s i tuat ions,  In la te r  unpublished 
work the  author indicated tha t  a s t a g e  o f  maturity factor added significantly to the  accuracy 
of the in vitro prediction equation. 

175. Reis, P. J., a n d  R. L. R e i d .  
ammonia accumulation in the  rumen of sheep.  Australian. J ,  Agr. Res.  10: 71-80. 

1959. In vitro s tud ies  on the effect of pH and of glucose on 

176. Rice, R. W., R. L. Salsbury, J. A. Hoefer, and R. W. Luecke. 1962. Relation of cer ta in  end 
products of rumen fermentation to forage feeding value. J. h i m .  Sci. 21: 418-42s. A com- 
parison was made of the digest ibi l i ty  of an alfalfa bromegrass hay vs. an o a t  straw when the 
inoculum was taken from s t e e r s  on the  alfalfa-bromegrass hay YS. s t e e r s  on an oa t  s t raw plus  
about 1 kg of a 36% protein supplement fed daily. The  in vitro system was a semipermeable 
membrane system descr ibed previously by Huhtanen et nl .  1954. T h e  fermentation was evalu- 
a ted at  2, 4, 8, 12, and 24 hr. After 24 hr  there w a s  n o  s ignif icant  difference in  the percent 
cel lulose digestion. Oat s t raw appeared to contain ce l lu lose  which w a s  more res i s tan t  ini- 
tially to a t tack than the alfalfa cel lulose.  Over 24 hr the  o a t  s t raw inoculum was ab le  to de- 
grade a s l ight ly  greater proportion of ce l lu lose  than the  alfal fa  inoculum. There was a l a g  
in ce l lu lose  digestion in t h e s e  experiments, especial ly  on the oa t  straw inoculum. T h e s e  
authors indicated that important differences e x i s t  in the  types of microflora and the fermen- 
tation products produced from animals fed different kinds of forage. Thus,  in vitro compari- 
s o n s  of various forages were  m o s t  likely to show signif icant  differences when the inoculum 
for in vitro fermentation is obtained f rom an animal which h a s  been maintained on that  par- 
ticular forage. Their  differences probably would have  been much greater had not the oa t  
straw d ie t  been supplemented. 
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177. Rogers, H. H., and E. T. Whitmore. 1966. A modified method for t h e  in vitro deterinination 
of herbage digest-ibility in plant-breeding s tud ie s .  J .  Brit. Grass l .  SOC. 21:150-152. An 
apparatus is descr ibed  and i l lustrated for in vitro dry matter deteniiinations. A fi l ter  tube 
equipped with a s in te red  fi l ter  is used  both for fermentation by rumen microbes and for pepsin 
digestion. T h e  entire operation i s  carried out within a s ingle  ves se l .  Th i s  prevents transfer 
errors and i s  highly useful for dry matter determinations, but is not used  in organic matter 
ana lyses .  In their  work two blanks and three samples  of a s tandard  grass of known di- 
gestibil i ty a re  included in each  batch. T h e  fi l ter  is a No. 3 sintered g l a s s  filter. About 0.7 
g of Seli te 945 also is u s e d  for each  0.5 g sample.  To th is  i s  added a n  aliquot of 50  m l  of 
a rumen-buffer liquor (10:40) for t h e  48 h digestion. With th i sdev ice  85 tubes may be filtered 
in 1 hr by 2 people. 

178. Rojes, S. W., G. M. Ward, and R. G. Hinders. 
production, ce l lu lose  digestion and volati le fatty acid production. Presented  a t  the  annua! 
meeting of t he  Amer. Dairy Sci. Assoc .  

1962. Effect of pelleting alfalfa on in vitro gas  

179. Snlsbwry, R. L., J. A. Hoefer, and R. W. hweckr. 
tion by rumen microorganisms. J. Anim. Sci. 20: 569-572. 

1961. Effect of hea t ing  s ta rch  on its diges- 

180. Salsbury, R. L., A. L. VonderKilk, Betty V.  Baltzer, and R. W. huecke. 1958. The r a t e s  of  
digestion of the  ce l lu lose  of some plant fractions by rumen microorganisms in vitro. J. Anim. 
Sci. 17: 293-297. -- Ruminal fistulated s t ee r s  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 d ie t s .  T h e  in  vitro sys tem w a s  a semi-permeable membrane into which 
the  inoculum-substrate suspens ion  was  added and which was  suspended in  a mineral solution. 
P l an t  materials examined were Solka-Floc, cotton l inters,  dehydrated alfalfa meal, wheat straw, 
and corn cobs. T h e  holocellulose and alpha-cellulose were extracted from t h e s e  materials as  
well as us ing  the untreated plant materials. Hemicellulose w a s  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 ce l lu lose  digestion than did the  original 
plant materials. 

181. Sopiro, M. e., S. Woflwnd, R. Clark, and J. I .  Quin. 
Merino sheep  in South Africa. XVI. T h e  fa te  of nitrate in ruminal i nges t a  as studied in vitro. 
Onderstepoort J .  Vet. Sci. Anim. Ind. 22: 357-372. 

1949. Studies on the  alimentary tract  of the 

182. Schillinger, J .  A .  Jr., and 6. C. Elliott.  1966. B ioassays  for nutritive va lue  of individual 
alfalfa plants.  Michigan Agr. Exp. Sta. Quart. Bull. 18:580-590. Six- and 36-hour in 
vitro rumen fermentations were carried out t o  determine dry matter and ce l lu lose  digestibil i ty 
of individual alfalfa plants.  T h e  standard error of t he  mean of tr iplicate samples  us ing  one  
rumen fluid sample was  0.79 and 0 .64  digestibil i ty uni t s  €or plants grown in the  field and 
greenhouse respectively.  Samples from one c lone  reduced the  capac i ty  of rumen inoculum to 
degrade ce l lu lose .  T h i s  effect w a s  probably caused  by a bac ter ios ta t ic  agent  s e l ec t ive  for 
certain cellulytic bacteria.  Available ev idence  sugges t s  t ha t  ce l lu lose  enzymes a re  c lose ly  
assoc ia ted  with l ive  bacteria only and  a re  highly lab i le  when f ree  of t h e  bac ter ia l  cell.  

183. Siu, R. 6. H. 1951. Microbial decomposition of cellulose-with spec ia l  reference to  cotton 
texti les.  Reinhold Publ i sh ing  Corporation, New York, New York. 531 pages .  -- Of spec ia l  
interest  is the  first chapter in which ce l lu lose  decomposition in nature is d iscussed .  In that 
chapter there ate sec t ions  on the  carbon cycle,  decomposition of ce l lu lose  by microorganisms, 
commercial u s e s  of cellulolytic microorganisms, and economic a s p e c t s  of microbial deteriora- 
tion of cellulose.  ’The remainder of the  text i s  detailed d i scuss ion  of ce l lu lose  in texti les,  



41 

breakdown of ce l lu lose  in  tex t i les ,  and methods of i t s  prevention. Good references a r e  given 
to ce l lu lose  breakdown by organisms, primarily bac ter ia  bu t  also by insec ts .  In sec t s  such  as 
the  rose  bee t le  and woodboring bee t l e s  can  degrade ce l lu lose .  In some cases the  cellulolytic 
action is due to microbiological symbionts i n  the  in sec t  gut, but i n  other cases the  i n s e c t s  
themselves a re  capable  of d iges t ing  cellulose.  T h e  l a t t e r  is t rue  a l so  for certain sna i l s .  

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 ecosys tem.  Appl. Microbiol. 1 4 5 7 3 4 7 8 .  -- Main- 
taining pH va lues  below 6.0 caused  a dec rease  in production of volati le fatty a c i d s  and 
methane. Decrease  in  a c e t a t e  and methane production was  greater than that for propionate. 
Cultures maintained at 6.7 contained types  of bac te r ia  normally found in the  rumen, but 
cultures maintained at 5.0 had many bac ter ia  which could not  b e  identified a s  normal rumen 
bacteria.  A carbonate-phosphate buffer and  a phosphate buffer a lone  at t h e  same pH gave 
similar fermentation products. 

185. Slyter, L. L., W. 0. Nelson, and M. J .  Wolin. 1964. Modifications of a device  for main- 
tenance  of t h e  rumen microbial population in continuous culture.  Appl. Microbiol. 12:374- 
377. -- The performance of th i s  continuous culture dev ice  w a s  judged on t h e  maintenance 
in the  cu l tures  of a relatively cons tan t  DNA content and protozoal concentrations which 
reached a s t eady  s t a t e  of 2 w l o 3  per m l  in 4 days .  Steady s t a t e s  were held between 1 2  and 
2 1  days  for t h e s e  c r i te r ia ,  as wel l  a s  for fermentation patterns.  

186. Smith, H. W. 1965. Observations on the  flora of the  alimentary tract of animals and  factors 
affecting i t s  composition. J. Pa th .  Bac t .  89:9S-122. -- Adult hea l thy  animals fed on d ie t s  
considered normal for t h e  s p e c i e s  were uti l ized. T h e  15 homeothermic s p e c i e s  were monkey, 
dog, ca t ,  horse,  ox, sheep ,  pig, guinea pig, rat, gerbil, hamster, mouse, fowl, and  duck. T h e  
poikilothermic an imals  were cockroach, frog, tortoise,  roach, and whiting. The animals were 
sacr i f iced ,  the abdomen w a s  opened quickly,  and l igatures were appl ied  t o  various par t s  
of the  d iges t ive  tract .  Contents of t h e  t rac t  were removed under s t e r i l e  conditions,  their 
character and approximate volumes were noted, and  their pH was  measured. T h e  numbers 
of different k inds  of bac ter ia  and y e a s t s  were es t imated  by making colony counts  on p la te  
cu l tures  incubated aerobically and  anaerobically.  Qualitatively,  t h e  organisms were similar 
among homeotherms, but as  a group they differed from those  in  the  poikilotherms. In homeo- 
therms t h e  numbers of organisms increased  progressively from duodenum to ileum and h ighes t  
numbers were found in  the  la rge  in tes t ine .  Comparable differences in t h e  flora of the  diges- 
t ive  tract  were reproduced i n  ra t s  fed on different d ie t s .  T h e  anatomy and physiology of t he  
stomach and  t h e  feeding hab i t s  of the  different s p e c i e s  of animals a l s o  had  a profound in- 
fluence on determining t h e  composition of t h e  alimentary flora. 

187. Smith, J.  A. B., and F. Baker. 1944. T h e  uti l ization of urea  in t h e  bovine rumen. 4. The 
isolation of the  synthes ized  material  and the correlation between protein syn thes i s  and mi- 
crobial ac t iv i t ies .  Biochem. J. 38: 496-505. -- In s tud ie s  made by incubating rumen liquor, 
i t  was found that the  non-protein nitrogen content of the  mixture dec reases  while the  total 
nitrogen content remains constant.  T h e  dec rease  in  non-protein nitrogen i s  accompanied by 
the  accumulation of a bulky sediment which g ives  an i n t e n s e  b lue  co lor  with iodine. T h i s  
sediment cons i s t s  almost entirely of bacteria.  It conta ins  a starch-like polysaccharide and 
a t  l e a s t  t he  main proportion of the  synthes ized  protein. Protein syn thes i s  was  shown to occur 
in the  absence  of protozoa, nnd the  chief contributors were found to b e  the  iodophile bacteria.  
Various s p e c i e s  were found, but it  w a s  assumed tha t  t h e  bulk of t h e  synthes ized  polysaccharide 
and protein is incorporated in the s m a l l  rods, cocc i ,  and vibrios of t h e  microiodophile population. 
The  greater part  of t h e  syn thes i s  occur s  within the first  two hours of incubation while microbio- 
logical normality is maintained in t h e  samples.  In the  rumen, bac te r ia  readily convert significant 
amounts of  nonprotein nitrogen to protein and suga r s  t o  polysaccharide,  thus  synthes iz ing  protein 
which is of u s e  to  the  ruminant. 
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188. Smith, P.  H., and R. E. Hungate. 1958. Isolation and characterization of Methanobacteriunz 
niminantiurn N.  sp.  J .  Bacteriol. 75: 713-718. 

189. Smith, P. M., H. C. Sweeney, J. 8 .  Rooney, K .  W. King, and W. E. C. Moore. 1956. Stratifica- 
t ions and kinetic changes  in the  inges ta  of  the  bovine rumen. J .  Dairy Sci. 39: 598-609. -- Ex- 
periments were made with ruminal f istulated s t ee r s ,  and by rumenotomy, to sample  inges ta  from 
the  top and bottom of the  rumen. Samples were analyzed for various cons t i tuents  over a 12-hr 
period that included two feedings,  a s  well as  for ce l lu lose  digestion in  vitro. Cel lu lose  digestion 
was measured by the  l o s s  i n  weight of a 500-mg square  of Pa tapa r  (Patterson Parchment Pape r  
Company, Rristol ,  Pennsylvania).  T h e  Pa tapa r  was  placed in a tube nearly fi l led with strained 
rumen juice. T h e  conten ts  were layered with mineral oil  and incubated a t  39OC for 2 4  hr. Con- 
centrations of almost a l l  fac tors  measured, except ether extract ,  were significantly higher in  
samples from the  top of the  rumen. The  da ta  a l so  sugges ted  there was  a greater concentration 
of microorganisms in  the  top ingesta.  There  was  more rapid in vitro digestion of ce l lu lose  by 
bottom samples  of inges ta ,  apparently due  to  a higher init ial  pH and buffering capac i ty  in the  in- 
oculum and to a lower concentration of competing subs t ra tes .  

190. Smith, R. E., R. S. Hinders, and G. M. Ward. 1962. An in vitro artif icial  rumen technique, with 
s tud ie s  on the relative value of different ration consti tuents.  P a p e r  presented a t  the  annual meet- 
ing  of t he  Amer. Dairy Sci. Assoc. '4 manometric system was  developed to measure gas  pro- 
duction by fermenting 0.5 g of substrate,  15 in1 of phosphate buffer, and 25  m l  of strained rumen 
fluid. T h e  mixture was  added to fermentation f l a s k s  which were flushed with C 0 2  to exhaus t  
air, stoppered, and connected to the  manometers which a re  burettes connected to one-1 wells.  
A partial  vacuum allows the  direct  measurement of g a s  production. T h i s  sys tem was  uti l ized 
in studying gaseous production by three different inocula with a variety of subs t r a t e s  varyilig 
from barley to sagebrush. Standard hay samples  were included i n  each run and their resu l t s  
of ne t  g a s  production (gross-blank) were corrected to a percentage of t he  net of the standard. 
Fermentation was  measured through 24  hr. Ra te  of gas  production w a s  greatest  in 0-8 hr and 
l eas t  in 16-24 hr. For  periods of 4-6 hr there  was  an i nc rease  in g a s  production with the  
amount of rumen fluid in the  system. T h e  rate of gas production of a s tandard  sample decreased  
with time. 

191. Stewart, 8 .  G., R.  G. Warner, and H. W .  Seely. 1961. Continuous culture as a method for study- 
ing rumen fermentation. Appl. Microbiol. 9: 150-156. -- A complex continuous flow system i s  
described and evaluated. A 5.5-1 culture was  maintained in an 8-1 glass v e s s e l  a t  39OC. T h e  
device  was covered to exclude most light, and was stirred by paddles  a t  33.3 rpm. T h e  apparatus 
was  fitted with a rubber gaske t  to make it airtight except for the  st irring shaft  opening. A suction 
flask with 0.5-inch i.d. g l a s s  tubing was  used  for sampling. T h e  subs t ra te  was  stored, st irred 
magnetically, and refrigerated. A CO, pressure of 0.5 ps i  was maintained to minimize effect  of 
depth on subs t ra te  flow pressure.  T h e  periodic subs t r a t e  flow into the  culture ves se l  was  con- 
trolled by a solenoid valve. Culture flowed from the  sys tem through a solenoid-controlled outflow 
tube near the  bottom of the  vesse l .  T h e  operation of t h i s  solenoid w a s  regulated by a float on top 
of the  culture to maintain a given leve l  or volume in  the  system. Flow ra tes  were about 9% of the 
culture volume per hour. Conditions in th i s  system were comparable to those  in vivo. 

192. Terry, R. A., and J .  M. A. T i l l ey .  1964. T h e  digestibil i ty of the  l e a v e s  and s tems of perennial 
ryegrass,  cocksfoot, timothy, tall f e scue ,  lucerne and sainfoin,  a s  measured by an in vitro pro- 
cedure. J .  Brit. Grassland SOC. 19: 363-372. -- Determinations were made of in vitro digest-  
ib i l i t i es  of various plant par t s  of important forage g r a s s e s  and legumes. All plant par t s  had a 

higher digestibil i ty a t  early s t a g e s  of growth than later.  With maturity the  digestibil i ty of t he  
stem fell off a t  a much fas te r  ra te  than that of the  leaf. Leaf shea ths  of g ra s ses  declined in di- 
gestibil i ty a t  an intermediate rate. A comparison was  made of in vitro dry matter digestibil i ty and 
that of pepsin digestion. 
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193. Thomas, G. J. 1960. Metabolism of the  so luble  carbohydrates of g r a s s e s  in the rumen of sheep. 
J. Agr. Sci. 54: 360-372. -- Rumen contents from grass-fed sheep  were twice a s  ac t ive  as those  
from hay-fed sheep  towards g ra s s  carbohydrates. T h i s  was  found in s tud ies  using a semi-perme- 
able membrane. 

194. Tilley, J. M. A., and R. A. Terry. 1963. A two-stage technique for t he  in vitro digestion of for- 
age  crops.  J.  Brit. Grassland SOC, 18: 104-111. -- T h i s  widely used two-stage technique for 
in vitro forage evaluation was  evolved after a comparison of severa l  published methods. After 
preliminary s tud ie s  i t  was found preferable to  u s e  g l a s s  tubes  rather than d ia lys i s  s a c k s  and to  
rely on g a s  production during digestion t o  maintain anaerobic conditions rather than to g a s  the  
samples  continuously. The  relatively la rge  volume of buffer solution maintains adequate  nutri- 
e n t s  and usually adds  accessory  factors,  s u c h  a s  valeric ac id  and trace elements,  which are re- 
quired for bacterial  growth. The  system h a s  the advantages of a s imple apparatus: reproducibility 
and many samples  can be  run. It is therefore useful for routine evaluation of forage samples.  
Samples are ground to p a s s  through a 0.8 mm screen ,  and 0.5 g are weighed into 80-90 ml g l a s s  
tubes.  Inoculum i s  obtained from sheep  maintained on a diet  of hay. The  l iquor is strained 
through two layers  of muslin, C 0 2  i s  pas sed  into the  f lask  t o  d isp lace  air, and the inoculum is 
kept a t  39°C until  required. Buffer solution i s  similar to that of McDougall with calcium chloride 
added l a s t .  T h e  solution is saturated with COz  and kept a t  38OC until required. Each  tube con- 
ta ins  40  ml  of buffer solution, 10  m l  of strained rumen liquor, and 0.4 g of forage sample. T h i s  
is gassed  with CO,, st irred,  and s e a l e d  by a rubber cork with a Bunsen g a s  valve. T h e  tubes  are 
incubated in the dark a t  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 chloride solution. Normal 
sodium bicarbonate a l so  is added to improve sedimentation. T h e  tubes  are centrifuged for 1s 
minutes a t  1800 x g. After discharging the  supernatant,  SO m l  of the  freshly made pepsin solution 
are added to the  residue in  each  tube. The  tubes  then a re  incubated at 38OC for 48 hr with oc- 
cas iona l  shaking, but anaerobic conditions are not maintained during th i s  s tage .  At the  end of 
incubation, superna tan ts  are discarded, and insoluble res idues  are washed with water in the cen- 
trifuge. 
are dried a t  l0O'C to  constant weight. The  measure of digestion is the dry matter digestion in 
the 0.5 g of herbage after correction for t he  blank (which represents undigested food par t ic les  
and microorganisms from the  rumen liquor). In each  trial  two standard samples  are se lec ted ,  one 
of high and one of low digestibil i ty relative t o  the  unknown materials being analyzed. T h e s e  
da ta  are used  to correct the va lues  for any given run. T h e s e  workers note that some variation 
in d iges t ive  efficiency between experiments is unavoidable and similar herbages should b e  com- 
pared within the  same experiment if possible.  They find i t  advisable  to l eave  the  donor animal 
on ad libitrim intake and to  u s e  large volumes of rumen liquor. Separate experiments showed 
that freeze-dried samples  of fresh herbage had the  same in vitro digestibil i ty as samples  heated 
and dried a t  e i ther  40 or 100°C. Drying at 100°C had a marked effect on the digestibil i ty only 
if continued for longer than 4 days.  S ize  of grind, within usua l  ranges,  had no influence on 
digestibility. However ba l l  milling the  samples  (very fine grinding) greatly inc reases  in vitro 
digestibil i ty probably due to the  destruction of ce l l  walls. In vivo diges t ib i l i t i es  are not con- 
s t an t  charac te r i s t ics  of herbages. They vary according to type of animal (catt le or sheep),  age  
and health of animals, level of feed intake,  and manner in which the  feed is prepared. 

Res idues  are transferred with l i t t l e  water to a tared g l a s s  basin or a beaker, and these  

195. Tisscrand, J. L., and S. Z. Zeher.  1965. An attempt to  standardize the  technique of meas- 
uring the  digestion of fodders in vitro (art if icial  rumen). Ann. Biol. Anim. Bioch. Biophys. 
5:101-111. (in French). 
24-hr a t  39OC. Sheep rumen fluid (20 ml)  filtered through gauze  is used  with an artificial 
sa l iva  (20 ml). Up t o  2-hr of exposure to  a i r  at room temperature does  not decrease  the cel- 
lulolytic activity of the rumen fluid. For each  100 m l  of fluid, 2.5 g of dry matter of sample a re  
used. 

-- A continuously and individually gassed  sys t em is fermented for 



44 

196. Tornllin, D. C. 1960. Crystall inity of ce l lu lose  and digestibil i ty of feedstuff ce l lu lose  in  the  
bovine rumen. Ph.D. Thes i s .  Univ. Florida. 86 p. -- T h e  purpose of t h i s  study was  to deter- 
mine whether the  relative amount of crystall ine order in ce l lu lose  of natural fibrous feedstuffs had 
an effect on the rate of digestion of ce l lu lose  from t h e s e  f eeds  i n  t h e  rumen. Cel lu lose  in  citrus 
pulp, Solka-Floc, and cotton l in te rs  was  digested in inverse  proportion ti, the  crystall ine ind ices  
for t h e s e  feeds. Cel lu lose  digestion from hays  and bagasse  showed no apparent relation between 
crystallinity and digestibil i ty.  Pa r t  of th i s  e f fec t  was  due  to assoc ia ted  materials,  and i t  was  
concluded that the  rate of digestion of  a relatively pure ce l lu lose  by rumen micro-organisms is 

inversely related to the  relative crystall inity of t he  cellulose.  T h e  difficulty i s  in i so la t ing  cel- 
lu lose  from natural feedstuffs in a way that permits estimation of i t s  relative crystall inity.  

197. Tornlin, D. C., R .  R. Johnson, and B. A. Dehority. 1965. Relationship of lignification to in vitro 
ce l lu lose  digestibil i ty of g ra s ses  and legumes. J .  Anim. Sci. 24: 161-165. 

198. Troelsen, J. E., and Donna J.  Hanel. 1966. Ruminant digestion in vitro as  affected by 
inoculum donor, collection day, and fermentation time. Can. J. Anitn. Sci.  46:149--156. -- 
Nine s h e e p  were compared on three different days  as inoculum donors for a 2-s tage  in vitro 
digestibil i ty study. Various fermentation t imes and sources  of ce l lu lose  and non-cellulosic 
organic matter were studied. Variation among days  was  greater than variations among animals.  
Still,  t hese  variations were smaller than those  obtained in in vivo digestibil i ty determinations 
with sheep .  Interactions of sheep  and days  resulted from variations in  water consumption, 
which caused  dilution of t he  inoculum. A practice was  adopted of not allowing the  animals 
t o  drink for 1 6  hours prior to t h e  collection of rumen liquor. The  fermentation curves  for 
s t raw and  alfalfa were drawn f rom da ta  taken at 3, 6 ,  12 ,  24,  48, and 96 hrs .  Alfalfa reached 
maximum digestion va lues  at 48 hr, but wheat  s t raw took 96 hr  to reach a corresponding plateau. 

199. Van Dyne, G. M. 1962. Micro-methods for nutritive evaluation of range forages.  J .  Range Manage. 
15: 303-314. -- Studies with both ca t t le  and sheep  under corral-feeding and range-grazing con- 
dit ions were conducted. Forage sources  included hand-clipped range p lan ts  and forage samples  
taken f rom esophageal-fistulated s t ee r s  and wethers grazing the  same range as the  rumen-fistu- 
lated animals. I n  vitro ce l lu lose  digestion va lues  varied significantly a t  all. time periods. From 
24-48 hr a l l  samples  of forage maintained their  relative digestion values.  Inocula prepared by 
simply straining rumen contents  through severa l  l ayers  of cheesec lo th  gave as  high and as uniform 
ce l lu lose  digestion va lues  as did more elaborate procedures of process ing  t h e  inocula. The  d ie t  
of t he  fistulated animal influenced the  es t imates  of ce l lu lose  digestion. Cel lu lose  digestion Val- 
u e s  of range forage and pure ce l lu lose  samples  were considerably higher when the  b a s e  diet  was 
alfalfa hay than when the  b a s e  diet  was  oa t  hay. Es t imates  of ce l lu lose  digestibil i ty were similar 
for art if icial  rumen and nylon bag  techniques.  There were c loser  agreements between artif icial  
rumen duplicate tubes  than between duplicate nylon bags.  

200. Van Dyne, G. M. 1963. An artificial rumen sys tem for range nutrition studies.  J. Range Manage. 
16: 146-147. -- An artificial rumen sys tem is described which h a s  la rge  capacity,  simplicity,  
and poitability. T h e  system accommodates 170 round-bottom Pyrex  centrifuge tubes  o f  100 ml 
capacity.  Major components of the sys tem,  gas  control,  pH control, and de ta i l s  of the  operating 
sequence  a re  explained. 
dium, and rumen fluid a re  added to  each  tube. COz is bubbled through the  tubes  continuously dur- 
ing the  fermentation, and the  pH remains near 6.9-7.0. T h e  nutrient media and buffer are those  
of Quicke et al . ,  1959, t o  which 2.5 ml per tube of a 20 mg/ml solution of enzymatic case in  hydrol- 
y sa t e  i s  added. Cel lu lose  ana lyses  a re  carried out  within the  fermentation tube. 

Approximately 10, 20, and 20 ml, respectively,  of buffer, nutrient me- 

201. Van Dyne, 6. M., and J .  H. Meyer. 1964. A method for measurement of forage intake of graz- 
ing  l ivestock us ing  microdigestion techniques.  J .  Range Manage. 17:204-208. -- A new 
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procedure for determining forage in take  by grazing animals  i s  described. Th i s  procedure in- 
volves determination of t he  digestion va lue  of range forage and standard forage samples  us ing  
micromethods with inocula from grazing animals. Then prediction of macrodigestion from 
microdigestion of range forage is made by u s e  of a regtesslon equation. The  microdigestion 
of range forage i s  adjusted to microdigestion of a standard sample.  The  predicted macro- 
digestion estimate,  t he  composition of t he  range forage, and  the  composition and amount of 
the  feces are  used  to  ca lcu la te  forage intake.  T h i s  procedure of estimating forage intake 
eliminates the  necess i ty  of assuming indigestibil i ty of naturally occurring indicators.  Th i s  
new procedure a l s o  obviates harvesting range herbage for dry-lot digestion trials.  

202. Van Qyne, G. M., and W. C. Weir. 1964. Variations among ca t t le  and sheep  in digestive power 
measured by microdigestion techniques.  J. h i m .  Sci. 23: 1116-1123. -- Eighteen ruminal 
f istulated s t e e r s  and wethers  provided inocula for individual microdigestion es t imates  in three 
range-grazing t r ia l s  and one drylot feeding trial. Artificial rumen and nylon bag  ce l lu lose  diges- 
tion and nylon bag dry matter digestion da ta  were obtained. Between-class  and within-class of 
stock differences were analyzed. When averaged over a l l  procedures, there were no significant 
differences in d iges t ive  power between ca t t l e  and sheep. Differences among animals within a 
spec ie s  were less in drylot, Averaged over a l l  techniques and samples,  there were 12 highly sig- 
nificant differences among 18 animals. There  were more differences in  digestive power among 
s t ee r s  than among sheep. Averaged over all techniques,  samples,  and periods about 5 ca t t le  and 
4 sheep  would b e  required a s  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 
l a t e  summer as compared to  3 on drylot. More sheep  than ca t t le  would b e  required in drylot, but 
more ca t t le  than sheep  would b e  required on the  range. More animals would he  required for digest- 
ing purified ce l lu lose  sources  than for range forages,  and more for range forages than for the  al- 
falfa standards.  

203. Va n  Qyne, G. M., and W. C. Weir. 1964. Microdigestion of grazed annual  forage, clipped 
herbage, and standard samples  by ca t t l e  and sheep .  J .  Range Manage. 17:327-332. -- Six 
grazed forages, an alfalfa sample,  and Solka-floc were not ranked in t h e s a m e  order by three 
microdigestion techniques.  Solka-floc a lways  had the  highest  digestibil i ty,  but forages varied 
in rank. Cel lu lose  digestibil i ty,  but not dry matter digestibil i ty,  was  higher in catt le-grazed 
than in sheep-grazed forages. Forages grazed by either ca t t l e  or sheep  in mid-summer were 
more d iges t ib le  by a l l  techniques than forages grazed in early or l a t e  summer. Over all tech- 
niques,  t he  correlation between microdigestion and macrodigestion es t imates  was  about 0.72. 
Adjusting microdigestion of range forages to  tha t  of a standard sample decreased  the  range 
of es t imates  but did not improve t h e  correlation. The  correlations found were not a s  high as 
many of those  in the Iiterature for farm roughages. Reasons  a re  d i scussed  for poss ib le  dif- 
ferences.  

204. Van Dyne, 6 .  M., and W. C. Weir. 1966. Comparison of microdigestion techniques under range 
and drylot conditions. J.  Agr. Sci. 67: 381-387. -- Digestion of ce l lu lose  and dry matter in 
nylon bags  suspended in the  rumen and the  digestihil i ty of ce l lu lose  in the  artificial rumen were 
compared during three experimental periods on the  range and one period on drylot. Nine each of 
ruminal f istulated wethers  and s t e e r s  provided inocula for art if icial  rumen s tud ie s  and carried 
nylon bags. T h e  same animals were used in all  four experimental periods. Solka-floc and a 
sample of alfalfa were used as s tandards  in a l l  tr ials.  Forage samples  were collected from esoph- 
ageal-fistulated animals which grazed the  same range a s  the  rumen-fistulated animals. T h e s e  
forage samples  also were digested by in vitro and in vivo techniques. The  in vivo digestion re- 

s u l t s  appeared to  reflect changes  in the quality of the  base diet more than did in vitro results.  
Kegression equations and correlations between microdigestion es t imates  by the different tech- 
niques were significant i f  samples  within a wide range of d iges t ih i l i t i es  were  included in the 
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analys is ,  Within ranges  of d iges t ib i l i t i es  of 10% or l e s s ,  t he  equations were not useful for pre- 
dictive purposes. Range forage samples  taken from esophageal-fistulated ca t t l e  or sheep  were 
digested better when the  b a s e  feed was  pelleted alfalfa than when i t  was  range forage. Digestion 
of an alfalfa sample  was  l e s s  affected by the  b a s e  diet. Solka-floc was  digested better in vitro 
when the  inocula came from animals grazing on the  range than from animals fed pelleted alfalfa. 

205. Van Soest, P. J. 1965. Symposium on factors influencing the  voluntary intake of herbage by 
ruminants: voluntary intake in relation to  chemical composition and digestibil i ty.  J .  Anim. Sci. 
24: 834-843. -- Although the  paper is not primarily concerned with in vitro techniques there 
i s  a short sec t ion  concerning them. When in vitro fermentation is used ,  a l fa l fas  a re  characterized 
by a high init ial  g a s  production followed by a leveling off, while g r a s s e s  ferment at  a slower rate 
and do not leve l  off to  the same extent. One would expect with legumes, because of a large avail- 
ab le  fraction of highly d iges t ib le  material, a rapid burst of fermentation init ially followed by a 
plateauing as the  so luble  ce l l  contents are exhausted. With g r a s s e s  a slower s ta r t  is observed, 
because  of the  smaller amount of the  highly d iges t ib le  ce l l  contents,  and the fermentation contin- 
u e s  steadily a s  t h e  lightly-lignified holocellulose continues to ferment a t  a n  appreciable rate. 
One would expect that  a short  fermentation time would correlate more highly with intake. One 
would a l so  expect that  the optimum fermentation t imes for prediction of voluntary intake and di- 
gestibil i ty would not b e  the  same for different s p e c i e s  of forage. While the  cell wall  cons t i tuents  
of g ra s ses  may be  greater than those  of legumes, result ing in about equal dry-matter digestibil i ty,  
the voluntary intake i s  usually lower, espec ia l ly  in t h e  more mature g ra s ses  that a re  highest  in 
quantity and lignification of ce l l  wall consti tuents.  In the  case of legumes, the  fibrous mass in- 
gested is not large enough to inhibit intake, and legumes as  a c l a s s  a re  characterized by optimum 
intakes.  

286. Van Soest, P. J., and 8 .  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 t h i s  work the  second s t a g e  of the  Tilley in vitro rumen fermentation method was  modified by 
replacing the  acid-pepsin digestion with a neutral-detergent treatment of t he  fermentation mixture. 
T h i s  was  done because the  feces of herbivora contained (1) endogenous excretions from the  ani- 
mal, (2) bacterial  res idues ,  and ( 3 )  undigested forage. With the  Tilley method there can  b e  no 
endogenous residues.  Therefore one  might expect the  Ti l ley  method in vitro digestibil i ty to be  
higher than the  digestibil i ty in vivo. T h e  modified Tilley method was compared with 20  hays  
including 12 g ras ses  and 8 legumes for which the  in vivo dry matter digestibil i ty varied from 45 
to 80. True  digestibil i ty of t h e s e  forages was  estimated by taking apparent digestibil i ty da t a  
and correcting them for t he  fecal non-cell wal l s ,  which represent t he  combined bacterial  and 
endogenous l o s s e s  from the animal. Resu l t s  from the  in vitro digestion, followed by a determi- 
nation of undigested cell-wall material, yielded d iges t ib i l i t i es  greater than those  obtained by t h e  
Tilley procedure. The  in vitro digestibil i ty by cell wal l s  yielded va lues  nearly equal  to those  of 
true digestibil i ty in vivo. A c lose r  l inear relationship was  obtained by th i s  technique than by the  
Tilley technique. T h e s e  s tud ie s  indicated that t he  difference between the  two in vitro fermen- 
tations are due  to bacterial  residues.  The  da ta  also sugges t  differences between sheep  and ca t t le  
with regard to endogenous and bacterial  losses i n  the  feces. With comparison to the  Ti l ley  in 
vitro procedure, the  new procedure is shorter by two days  and requires fewer manipulations. 

207. Van Soest, P. J., R. H. Wine, and b. A.  Moore. 1966. Estimation of t he  true digestibil i ty of 
forages by t h e  in vitro digestion of ce l l  walls.  Int .  Grass l .  Congr., Proc .  10:438-441. -- 
T h i s  is a modification of theT i l l ey  and  Terry method. The  ac id  pepsin s t a g e  is replaced by 
a cell-wall  determination us ing  t h e  neutral  detergent procedures. Th i s  sys tem requires less 
time and predicts digestibil i ty more accurately than the  unmodified Ti l ley  and Terry method. 
Their work shows s o m e  indication tha t  there a re  differences between s h e e p  and ca t t le  in re- 
gard to  endogenous and bac ter ia l  l o s s e s  in the  f eces .  
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Virtanen, A.  I. 1946. Fermentation of wood-dust by ce l lu lose  bacteria.  Nature 158-795. -- 
Birch, aspen ,  and p ine  dus t s  were d iges ted  by bacteria.  T h e  finer t h e  wood w a s  ground, the 
more ce l lu lose  was  fermented. 

Waldern, D. E., W. K. Roberts, T. H. Blosser, and I .  A. Dyer. 1961. Ef fec t  of levulinic ac id  on 
digestibil i ty,  fatty ac id  production and microbial activity i n  dairy heifers and wether. J .  Anim. 
Sci. 20: 429-432. -- In vifro digestion was  eva lua ted  manometrically with a 55-minute incu- 
bation period. G a s  production w a s  significantly increased  by adding a l fa l fa  t o  t h e  d ie t  of ani- 
mals on  wheat straw. Adding levul in ic  ac id  to t h e  d i e t s  of either group of animals significantly 
decreased  microbial activity. This sugges t s  that  levulinic ac id  might function as an  antimetab- 
o l i te  for rumen microorganisms. 

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

Walker, D. J., and W. W. Forest. 1964. T h e  application of calorimetry to the  s tudy  of ruminal 
fermentation in vitro. Australian J .  Agr. Res .  15:299-315. - A calorimeter w a s  des igned  
in which rumen fermentations could b e  undertaken and hea t  production measured continuously. 
T h e s e  s tud ie s  were undertaken because  there  was  no conclus ive  ev idence  tha t  in vitro tech- 
n iques  support  the  same  fermentation a s  occurs  in vivo. Also, a s  done in  many kinetic 
s tud ie s ,  it w a s  no t  poss ib l e  to d i s s e c t  t h e  complex biological sys tem and s tudy  each  com- 
ponent individually. Such a method g ives  no r ea l  indication of how t h e  system behaves as 
a whole, espec ia l ly  in the  case of a rumen fermentation where t h e  ex ten t  of synerg is t ic  and 
antagonistic e f fec ts  a r e  unknown. Heat  production is a quantitative measure of t he  overall  
ra te  of metabolism and may b e  obtained no  matter how complex the  system under considera- 
tion. T h e  authors recognized the difference of ac t iv i ty  of microbes a t  different points in the  
rumen and obtained samples  from ten  geometrically spaced  points rather than a s ing le  sample.  
Gas  production w a s  measured in the  calorimeter by co l lec t ing  fermentation g a s e s  in a c losed  
buret inverted over, and  filled with, acidified water. A comparison was  made of the so l id  
portion of t h e  rumen contents  with the liquid portion in its abili ty to ferment ce l lob iose .  T h e  
so l id  portion had a much greater abil i ty to  ferment ce l lob iose ,  and lactate accumulated as a 
transitory intermediate during ce l lob iose  fermentation. With whole contents,  l ac t a t e  bteak- 
down is t h e  rate-limiting s t e p  in ce l lob iose  fermentation, whereas  with t h e  rumen fluid only 
ce l lob iose  breakdown i t se l f  is the  limiting factor.  Cel lobiose  is probably a n  intermediate in 
ce l lu lose  breakdown. T h e  rate of hea t  and g a s  production varied directly with the  solid con- 
t en t  of the  sample.  At 24 hr post-feeding the  hea t  production by ruminal fermentation in the  
s h e e p  used  wasca lcu la t ed  to be between 480 and 1360 cal/hr.  There  was  an  additional large 
amount of h e a t  produced in the  f i r s t  few hours a f te r  feeding. 

Walker, D. M, 1959. T h e  in vitro digestion of roughage dry matter. XV. Int. Dairy Congr., 
Proc.  1:190-195. -- In th i s  in vitro s tudy  a complex mineral and buffer solution w a s  uti l ized 
with 2 0  m l  of s t ra ined  rumen juice,  1 g of ground roughage, and a 72-hr digestion period. T h i s  
system w a s  continuously g a s s e d  with CO, and N with the  gas line pas s ing  from one tube to 
the  next i n  a n  inverted U to act as a condenser  t o  prevent liquid being carried from one bottle 
to another. Protozoal ac t iv i ty  c e a s e d  af te r  36 hr  but bacterial  activity continued u p  to 72 hr, 
after which no  further digestion occurred. Comparisons were made with dry matter digestibi-  
lity in vitro and in vivo. T h e  in vitro data  were s l igh t ly  lower than the  in vivo da ta  but there  
was  relatively good agreement throughout. A standard hay  w a s  t e s t ed  in a la rge  number of 
tr ials and showed a variation of 52-57%, due to variations i n  the rumen juice obtained f rom 

the sheep .  The  rumen ju ice  varied in i t s  content of dry matter from one experiment to another. 
T h e  s h e e p  was  fed  only hay a t  t he  beginning, but la te r  t h e  d i e t  varied because  i t  was found 
digestibil i ty in vitro was  unaffected by variations in t h e  d ie t  of t h e  s h e e p  which provided the  
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rumen inoculum. Yet their da ta  show 5% variation in digestion of the  standard sample from 
period to  period, perhaps related to dietary variations,  

2713. Ward, J.  K., D, Richardson, on$ W. S. Tsien. 1961. Volatile fatty ac id  concentrations and 
productions in the  gastrointestinal tract  of fullfed beef heifers.  J .  Anim. Sci. 20:830-832 

214. Warner, A. C. I .  1956. Criteria for e s t ab l i sh ing  the  validity of in vitro s tud ie s  with rumen 
micro-organisms in so -ca l l ed  art if icial  rumen sys tems.  J .  Cen. Microbiol. 14:733-748. -- 
Warner’s system w a s  composed of dialyzing aga ins t  a standard mineral solution a fermenta- 
tion enc losed  in a cellophane sack .  Both t h e  dialyzing solution and the  fermentation solution 
had N ,  containing 5% CO, slowly bubbled through them. pll was  adjusted periodically in 
both compartments u s ing  phosphate and carbonate buffers.  When the  subs t ra te  approximated 
the  composition of a normal diet ,  l i t t l e  adjustment of pH was  required, but when s ingle  sub- 
s t ra fes  such  as  s ta rch  were used ,  considerable alterations of pII occurred. T h e  whole ap- 
paratus was  held a t  39OC. A complex dialyzing solution was  uti l ized and  approximated the  
composition of the  ruminal liquor. Warner’s cri teria for a success fu l  system inc lude  (1) the  
maintenance of numbers and normal appearance of bac te r ia  and protozoa, (2) t he  maintenance 
of normal ra tes  of digestion of various food components,  and (3 )  the  abil i ty to predict  quanti-  
t a t ive  resu l t s  in vivo. His  sys tem m e t  t h e  cri teria sugges ted  with reasonable s u c c e s s  for 
periods of about 8 hr. For microbial population to  remain normal in numbers and ac t iv i t ies  i t  
was  necessary  to u s e  as t e s t  subs t ra te  in vitro only subs t ances  similar to the  d i e t  fed to the  
animal from which the  rumen liquor inoculum w a s  taken. Although ce l lu lose  digestion i s  the 
most commonly used  criterion of functioning of art if icial  rumen sys tems,  there a re  some d is -  
advantages  to i t s  u s e .  T h e  rate-limiting s t e p  occurred a t  a very early s t age  where the  products 
would s t i l l  b e  measured as ce l lu lose  by most techniques in coinmon use .  In t he  rumen, satn- 
p l e s  may remain 24 hours or more. Secondly, i t  is practically e s sen t i a l  to s t ra in  the  rumen 
liquor €or use  in vitro, and some diminution of t h e  rate of digestion may b e  expected because  
many of the  cellulolytic microorganisms remain a t tached  to the  large plant par t ic les  removed in 
straining. In one experiment a low nitrogen content of the d i e t  affected in vitro results be- 
c a u s e  i t  is presumed to have supported a less numerous, and hence  l e s s  active,  microbial 
population than other d i e t s .  Thus ,  there  is danger in relying on in vitro t e s t s  t o  predict be- 
havior in vivo where the  subs t ra te  t e s t ed  is very different from the  d i e t  of t he  animal used  
to supply the  rumen liquor. 

215. Warner, A. C. I .  1956. Pro teo lys is  by rumen micro-organisms. J .  Gen. Microbiol. 14:749-- 
762. 

216. Warner, A. C. I. 1962a. Enumeration of rumen micro-organisms. J .  Gen. Microbiol. 28~119-  
128. 
t he  rumen of sheep .  T h i s  is in cont ras t  to other s tud ie s  with ca t t l e  in which there i s  a 
posit ional variation. In microscopic examinations h e  found variations,  however, in t h e  location 
of microbes in t h e  sample.  Sometimes there were dense  concentrations around feed particles.  
He  furthermore postulated tha t  when conditions in t h e  rumen a r e  such  that different k inds  of feed 
particles begin to separa te ,  i t  c an  b e  expected tha t  both t h e  microbial and the  so lu t e  concentrations 
will differ from place  to place.  T h e  feed and rations used  in h i s  experiments did not c a u s e  layering 
in the  rumen. I t  i s  not ye t  poss ib le  to apportion a given reaction between different organisms present  
tha t  a r e  capable  of carrying out the  reaction. In a microbial population where members differ greatly 
in  size and  metabolic activity,  a figure for to ta l  numbers a lone  is relatively meaningless.  Only a 

moderate variable error is incurred in  making the  assumption that the  number of microorganisms is 
indicative of t h e  true total  counts of the  entire rumen contents.  

He found no  major difference in  microbial concentrations in  different posit ions in 
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217. Warner, A. C. 1. 1962b. Some factors influencing the rumen microbial population. J .  Gen. Microbiol. 
28:129-146. -- In s h e e p  fed once  daily the concentrations of microorganisms in the rumen changed 
with the time af ter  feeding, and there were var ia t ions among organisms. P e a k  concentrations were 
reached at different t imes for different organisms. One animal at different t imes,  or different animals,  
on the  same ration had very different ruminal microbial populations; t h e s e  differences were variable 
among different microorganisms. Feeding different quant i t ies  of the  same ration had l i t t le  effect  on 
the concentration of ruminal microbes, provided the ration w a s  above a minimal level. Starvation 
for a few days or prolonged under-nutrition had a marked effect caus ing  some organisms to  be 
drast ical ly  reduced in numbers or to  d ie  out  completely.  When the quali tative nature of the  diet  was 
changed, about 1 0  d a y s  were needed to  complete the major adjustments in the  rumen microbial popu- 
lation. There were some indicat ions of s p e c i f i c  animal effects .  When rumen contents  were inter- 
changed between two sheep ,  there appeared to  be a tendency for some  organisms to  reestabl ish 
in concentrations charac te r i s t ic  of t h e  hos t  animal. N o  spec i f ic  factor  could be found in the s a l i v a  
or the  rumen liquor which would c a u s e  t h e s e  variations in s p e c i e s  composition of the microflora. 
The  microbial protoplasm was est imated to occupy n o  more than 10% of the  volume of s t ra ined rumen 
liquor. Relatively large quant i ta t ive and qual i ta t ive changes occurred in microbial populations a s  
compared to changes  in  chemical  act ivi ty .  T h e  major end products of fermentation are substant ia l ly  
the same with different microbial populations.  T h i s  is a l s o  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 
s tab le ,  microbial populations for any one combination of ration, ea t ing  and drinking routine, and 
perhaps animal. Relat ively smal l  c a u s e s  can s t a r t  a process  of change from one  such  population 
to another. 

218. Warner, A .  C. I. 1965. Fac tors  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.  T h e  patterns 
vary with the spec i f ic  organism and t h e  diet .  I t  is doubtful whether u s e  of an average value for the 
pattern h a s  any advantages over the u s e  of concentration under s tandard conditions,  such  as j u s t  
before feeding. Probably the metabolic act ivi ty  of the microorganisms is greatest  a t  the  t ime of 
peak concentration. It would b e  valuable to  express  numbers of bacter ia  a s  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 mmen 
microbial populations both quantitatively and qual i ta t ively.  Even for the same animal kept  under 
constant  conditions,  there may b e  from time to time very different rumen microbial populations. The  
amount of d ie t  given to  an animal h a s ,  within wide limits, l i t t le  effect  on the concentrat ionsof  the  
microorganisms in its rumen. However, the  volume of rumen contents ,  the  rate  of flow of sa l iva ,  
and probably the rate of flow of digestion from the rumen increase  when the  amount of feed is in- 
creased.  Thus,  there  would b e  an increase  in output of both microorganisms and their  fermentation 
products despi te  relatively constant  Concentration. T h i s  s u g g e s t s  microorganisms multiply more 
rapidly on higher feed leve ls .  The feeding frequency h a s  an influence; to make comparisons be- 
tween grazing animals and penned animals i t  is necessary  to  take  into consideration the  behavior 
patterns.  Under most grazing conditions there is a 6-8 hr period before dawn when little o r  no 
grazing takes  place.  A sample of rumen contents taken then would most c losely correspond to a 

before-feeding sample from pen-fed animals.  In grazing s tudies  penning the animals  overnight 
would insure  the  proper concentration in ear ly  morning. High concentrations of holotrich protozoa 
ate found in  animals fed hay or forages rich in  so luble  sugars .  Animals fed d ie t s  rich in s tarch 
often have high concentrat ions of Entodenia in their rumens. Bacterial  numbers vary widely,  but 
in  general  d i e t s  r icher in  readily fermented nutr ients  support  greater total  numbers of bacter ia  than 
do  other d ie t s .  
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tion of time of day ,  diet ,  or hos t  animal. T h e  diurnal changes of different types  of micro-organisms 
differed considerably.  Some of their ev idence  s u g g e s t s  tha t  animals which a re  more rapid ea te rs  
tend to have  large rumen volumes. An appendix to  the  a r t ic le  d i s c u s s e s  the  k ine t ics  of rumen mi- 
crobes and inges ta  flow. 
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222. Wegner, M. I., A. N. Booth, G. Bohstedt, and E.  0. Mort. 1940. T h e  “in vitro” conversion of 
inorganic nitrogen to  protein by microorganisms from the  cow’s rumen. J .  Dairy Sci. 23:1123-1128. 
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system following the  procedures of Tilley and Terry. The  sys tem contained 0.4 g subs t ra te  and 40 
1111 strained rumen ju i ce  and artif icial  sa l iva  in a 1:4 mixture. It w a s  maintained a t  39OC and fer- 
mented for 48 hr before i t  was  centrifuged prior t o  pepsin digestion. Compared to th i s  system was  
the addition of a fortified medium containing 10 mg glucose,  9 mg urea,  and 20 mg Difco yeas t  ex- 
tract  per fermentation flask.  Samples investigated were g ra s ses  and  shrubby plants.  T h e  eorrela- 
tion of percent ce l lu lose  digestion to organic matter digestibil i ty was  nonsignificant for many 
grasses .  Orgatiic matter digestibil i ty was  30-70%, hut ce l lu lose  digestibil i ty was  less than 30%. 
Neither in vivo nor in vitro percent ce l lu lose  digestion is a good measure of t h e  nutritive value of 
these  grass-shrub-forb complexes.  Digestibil i ty resu l t s  obtained with a fortified medium were u p  t o  
10% higher than for non-fortified media. 

224. Williams, V .  J . ,  on$ K. R .  Christian. 1956. Rumen s tud ie s  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 pas tures .  The  most practical  tneasure of the  mean l eve l s  of rumen consti tuents 
in a large group of s h e e p  may b e  obtained by tak ing  s ing le  samples  from the  la rges t  poss ib le  number 
of animals. Where the  number of animals i n  a group is smal l ,  sampling once  a day on severa l  days  
is preferable to  sampling more than once  a day on fewer days .  

225. Wright, P.  L., A .  L. Pope, and P. H. Phi l l ips.  1963. Effect of physical  form of ration upon diges- 
tion and volati le fatty acid production in vivo and in vitro. J.  Anim. Sci. 22:586-591. -- Inocula 
were obtained from lambs, which had been fed pe l le t s ,  crushed pellets,  finely ground, coarsely 
ground, or baled hay, and from a cow maintained on ba led  hay. T h e s e  s i x  different inocula were 
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used  to  evaluate digestion in  vitro of ce l lu lose  from both pelleted and non-pelleted hay ,  each  of 
which was  then ground twice  through a 20-mesh screen .  T h e  in vitro technique was  tha t  of Baumgardt 
e t  al. and involved a 24-hour digestion at 38OC. Inocula were obtained from the  lambs via a flexible 
tube placed in to  the  tumen and attached to  a vacuum pump. The  inoculum w a s  obtained from the 
cow through a ruminal f i s tu la .  Strained rumen fluid was used within 30-45 minutes after collection. 
Mean ce l lu lose  digestion in vitro averaged over the  three subs t ra tes  (pelleted hay ,  ground hay, and 
alfalfa meal) varied only from 42-45%. Thus,  the  inocula had  no major effect on the ce l lu lose  di- 
gestion, but here all the  d ie t s  were of s i m i l a r  chemical  composition. Digestion coefficients in vivo 
for f ibe r  for many of t h e s e  cons t i tuents  varied from 39-42%. T h e s e  da ta  show tha t  various means 
of processing the  inocula had l i t t le  effect on the  ce l lu lose  digestion. T h e  number or relative ac t iv i ty  
of the microorganisms present in the  inocula appeared t o  assert a greater effect  in controlling the  
total  amount and relative concentration of t h e  volati le fatty ac ids  produced in vitro than the  process- 
ing  t o  which the  subs t ra te  had been subjected.  There was  more variation in volati le fatty acid 
production, to ta l  and relative,  than in ce l lu lose  digestion. 
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ART l F i C  I IIL R U N E N  I N V E S T I G A T I O N  5 t I. C D R R F L A T I O N  
l l R T I F I C i A L  RUMEN I N  A T T E M P T  TO S T A N D A R O f Z E  THE 
A R T i F I C I A L  RUMEN PROCEUURF / E S  I N  THL CARDRATORY 
A R T I F I C I A L  RUMEN ~ R O C F O U R f  FOR O B T A I ' V I N G  R E P E A T /  
A R T I F I C I A L  RUMEN SYSTEM FOR K & N G E  N U T R I T I O N  STUD 
A R T l F I C i l d L  RUMEN SYSTEMS / I S H l N C ,  THE V A L l O I T Y  OF 

ACIDS FROW G R A S S  e Y  RUMEN LIQUOR IN AN ARTIFICIA 

AHPONIATEC PROOUCTS T a  POVINE RUMFN MICROORGANIS 
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T I V E  V A L U E  O F  FORAGES 1959. U S E  OF T H E  A R T I F I C I A L  RUMEN T E C H N I Q U E  TO E S l I M A T E  T H E  N U T R I  
GROSS D I G E S T I B L E  ENERGY OF F O /  1958. T H E  A D A P T A T I O N  OF A N  A R T I F I C I A L  RUMEN T E C H N I Q U E  TO T H E  E S T I M A T I O N  OF 
R E L A T I V E  V A L U E  OF D I F F E R E N T  R A T I O N  C O N /  1962- A 4  I N  V I T R O  A R T I F I C I A L  RUMEN TECHYIQIJE ,  W I T H  S T U D I E S  OY THE 

I O B S E R V A T I O U S  OY THE U S E  O F  T O T A L  G A S  P R O D U C T I O N  F R O P  T H E  A R T I F I C I A L  RUMEN TO E S T I M A T E  A L F A L F A  H A Y  Q U A L I T /  
OF V O L A T I L E  F A T T Y  A C I D S  F R O P  GRASS B Y  RUYEN L I O U O R  I N  A N  A R T I F I C I A L  RUMEN 1957. S T U D I E S  ON T H E  P R O D U C T I O N  

R I T I V E  VALUE OF FORAGES 1964. T H E  A R T I F I C I A L - R U M E N  T E C H N I Q U E  OF E S T I M A T I N G  T H E  N U T  
RUMCN COYTEYT 1 9 6 4 .  A METHCD O F  A S S E S S I N G  F R E E - L I V I N G  AND A T T A C H E 0  B A C T E R I A  I N  

1964. A METHOD O F  A S S E S S I N G  F R E E - L I V I N G  A N 0  ATTACHED B A C T E R I A  I N  RUMEN CONTENT 
RUPEN FOR O E T E R M I N A T I O N  O F  T H E  P A R T I C U L A Q  M I C R O O R G A N I S M S  A T T A C K I N G  T H E M  / OF S U S P E N D I N G  F O O D S T U F F S  I N  THE 

/ E F F E C T S  OF C O Y B I V A T I O N S  OF F E E D S T U F F S ,  W I T H  AND WITHOUT AUREOMYCINI  O N  I N  V I T R O  D I G E S T I O N  O F  C E L L U L O S E  / 
S 1956. A L A B O R A T O R Y  T F C I I N I Q U E  FOR M E A S U R I N G  PHOSPHORUS A V A I L A B I L I T Y  OF FEEC S U P P L E M E N T S  F E D  TO R U M I N A N T  

OF C A L C I U M  TO PHOSPHORUS R A T I O S  A N 0  L E V E L S  UPON I N  V I T R O  A V A I L A B I L I T Y  OF P H Y T I N  A N 0  I N O R G A N I C  PHOSPHORUS 
PRODUCTS TO B O V I Y E  RUMEN M I C R O O R G A N I S M S  1959. A V A I L A B I L I T Y  OF T H F  N I T R O G E N  I N  SOME A P M O N I A T E D  

I96D. A C O M P A R I S C N  OF A R T I F I C I A L  RUMEN TEC)-INIQUES 

B 
1946. F E R M E N T A T I O N  OF WOOD-OUST BY C E L L L L O S E  B A C T E R I A  

C P T A B O L I C  R E A C T I O N S  O F  M I X E D  S U S P E N S I O N S  OF B O V I N E  RUMEN B A C T E R I A  1 9 5 3 .  
O X Y L A T I O Y  OF S U C C I N I C  A C I D  B Y  WASHED S U S P F N S I C N S  O F  RUMEN B B C T E R I A  1950. T H E  OECARB 
V I T R O  S Y S T E Y  TO THE S T U D Y  OF STARCH F E R M E N T A T I O N  B Y  RUMEN B A C T E R I A  1962. A D A P T A T I O N  OF A N  I N  
E N  V I .  T H E  E F F E C T  O F  M F T P L S  ON T H E  A C T I V I T Y  OF T H E  RUMEN B A C T E R I A  I N D N  P R C T f I N  N I T R O G E N  I N  T H E  B O V I N E  RUM 
GE OF D I E T  3 N  T V E  P R E D O M I N A N T  T Y P E  OF C F L L U L O S E  D I G E S T I N G  B A C T E R I A  /OF  T H F  C V I N E  RUMEN I V .  E F F E C T  OF CHAN 
L A T E 0  H E Y I - C E L L U L O S E  B Y  PURE C U L T U R E S  OF C E L L U L O T I C  RUUEN B A C T E R I A  / 5 -  O E G R A C A T I O N  A N 0  U T I L I Z A T I O N  OF I S 0  
T I O N  I N  R U M I N A N T S  - I O E N T I F I C A T I O N  OF GROIJPS OF A N A E R O B I C  B A C T E R I A  A C T I V E  I N  T H E  RUMEN /ON M I C R O B I A L  O I G E S  
/961. AN I Y P R O V E O  N O N S E L E C T I V E  C U L T U R E  MEDIUM F O R  R U P I N A L  R A C T E R I A  AND I T S  U S E  I N  D E T E R M I N I N G  O I U R N A L  V A R /  
V I N E  1 9 4 4 .  T H E  S I G N I F I C A N C E  OF T H E  B A C T E R I A  AND T H E  PROTOZOA O F  T h E  RUMEN OF THE RO 
3. I S O L A T I O U  A N 0  C H A R A C T E R I Z A T I O N  OF S E V E R A L  C E L L U L O L Y T I C  B A C T E R I A  FROM I N  V l T R O  RUMEN F E R M E N T A T I O N S  196 
D I N 0  CLOVER P A S T U R E  1962. I S O L A T I O N  OF S A P O N I N  D I G E S T I N G  B A C T E R I A  FROM T H E  RUMEN O F  B L O A T I N G  C A T T L E  O N  L A  

TARY T R A C T  3 F  L I V E S T O C K  I .  METHOD F O R  T H F  C U L T U R E  OF T H E  B A C T E R I A  I N  RUMEN /S CN M I C R O F L O R A  14 T H E  A L I M E N  

Y O  I T S  U S E  I N  O F T E R M I N I N G  O I U R N A L  V A R I A T I O N  I N  NUMBERS OF B P C T F R I A  I N  T H E  RUMEN / V M  FOR R U M I N A L  B A C T E R I A  A 
ON5 1953. NUMBERS AND SOME PREOOW1NANT GROUPS O F  A A C T E R I A  I N  T H E  RU)r€N O F  COWS F E D  D I F F E R E N T  R A T 1  
GE OF D I E T  O Y  T H E  P R E O O H I N A N T  T Y P E  OF C F L L U L O S E  D I G E S T I N G  B A C T E R I A  I N  T H E  RUMEN O F  SHEEP 1 .  E F F E C T  OF CHAN 
L U E N C I N G  THE R A L A U C E  O F  D I F F E R E N T  S P E C I E S  OF C E L L U L O L Y T I C  B d C T E R I A  I N  T H E  RUMEN 1965. P O S S I f l L E  FACTORS I N F  

1960. S T U D I E S  W I T H  T H E  C E L L U L O L Y T I C  F Q A C T I C N  OF RUMEN B A C T E R I A  O B T A I N E C  BY D I F F E R E N T I A L  C E Y T R I F U G A T I O N  
OF T H E  P 3 P U L A T I C N  ON A D I E T  OF POOR T E F F  H A Y  1962. B A C T E R I A  OF T H E  O V I N E  RUMEN 1. T H E  C O M P O S I T I O N  
GROUPS F E R M E N T I N G  C A R R O H Y D R A l E S  A N 0  L A C T A T F  ON A D /  1962. B A C T E R I A  OF T H E  C V I N E  RUMEN 11.  T H E  F U N C T I O N A L  
E OF D I E T  OU T H E  P R E O O M I N P N T  TYPE OF C F L L L L D S E  D I G /  1965. B A C T E R I A  OF T H E  O V I N E  RUMEN I V .  E F F E C T  O F  CHANG 
E X T R A C T I J N  O F  A O U A T I C  E X T R A C T S  OF FORAGF CN THE G R O h T H  OF B A C T E R I A  OF T H E  RUMEN I N  F R E N C H  / L U E N C E  OF THE 
/ ON M I C R O F L O R A  I N  THE A L I M E N T A R Y  TRACT OF L I V E S T O C K  11- B P C T E R I A L  F L O R A  I N  T H E  RUMEN O F  COWS F E D  D I F F E R /  
52. T E C H \ I I Q U E S  FMPLOYEO I N  C U L T U R A L  l N V F S I l G A T I O N S  O F  T H E  B A C T E R I C L O G Y  OF @ C V l N E  RUMEN CONTENTS I 9  

L A T I O U  A V O  C H A R A C T E R I Z A T I O N  OF A H E M I C E L L U L O S E  F F R M E h T I N G  R A C T E R I U M  FRDW THE SHEEP RUMEN 1961. I S C  
v m  OF SHFEP 1951. I S O L A T I O N  OF A R A C T E R I U M ,  P R C C U C I N G  P R O P I O N I C  A C I D ,  FROM T H E  R U  
A C T I O Y  OF R U M E l  1955. FACTORS Y E Z E S S A R Y  F Q R  THE GROWTH O F  BACTEROIDES-SUCCINCGENES I N  THE V O L A T I L E  A C I D  FR 
T E R I A  I N  THE RU’I€Y 1965. P O S S I B L E  F A C T O R S  I N F L U E N C I N C  T H E  RALANCE OF C I F F E R E N T  S P E C I E S  O F  C E L L U L O L Y T I C  BAC 
RO AN0 I U  V I V O ,  O Y  T H E  C E L L U L O L Y T I C  A C T I V I T Y  OF THE )-IEART B E A T  O F  RUMEN I N  I T A L I A N  / O F  SACCHARIDE,  I N  V I 1  
4MD P R O P 3 R T I O N S  I U  T H E  b A S T R O I N T E S T I N A L  T R A C T  OF F U L L - F E D  B E E F  H E I F F R S  I O L 4 T I L E  F A T T Y  A C I D  C O N C E N T R A T I C N S  

L F A  P L A N T S  1966. R I C A S S A Y S  F C R  N U T R I T I V E  V A L U r  OF I N D I V I D U A L  A L F A  
0 A N 0  I N  V I T R O  RUMEU F E R M E N T A T I O N S  1961. B I C C H E M I C A L  A N 0  V I C R O S C O P I C  C O M P A R I S O N  O F  I N  V I V  

T H E  YUMaERS OF RUMEN PROTOZOA AND T H E I R  P O S S I B L E  R O L E  I N  B L O A T  / H E  RETICULO-RUMEN1 1 1 1 .  F L U C T U A T I O N S  I N  
I S O L A T I O Y  OF S 4 P O Y I N  D I G E S T I N G  R A C T E R I 4  FROM THE R b M E h  OF B L C A T I N G  C A T T L E  CN L A D I N O  CLOVER P A S T U R E  1962. 
H N I Q U E S  1964. THE M E A S U K E M t N T  OF N U T R I T I V E  Q U A L I T Y  I N  A RLUEGRASS PASTURF U S I N G  I N  V I V O  AVO I N  V I T R O  TEC 
/ I T Y  W I T H  YOUNG G R A Z I N G  SHEEP, 11. C H E M I C A L  C O M P O S I T I O N 3  B C T A K I C A L  C O M P O S I T I O N l  AND I N  V I T R O  D I G E S T I B I L I /  
AYCE OF T H E  R A C T E R I A  A N 0  THE PROTOZOA OF THE RUMEN OF T H E  B C V I N E  1944 .  T H E  S I G N I F I C  
S T R A T I F I C P T I O Y S  A V O  K I N E T I C  CHAYGES I N  T H F  I N G E S T A  OF T H E  B O V I N E  RUMEN 1956. 
L A T I L E  F A T T Y  4C1D GROWTH FACTOR F O R  C E L L U L O L Y T I C  C O C C I  OF R C V I N E  R U * E h  1958. VO 
C E L L U L O S E  AVO O I G E S T I R I L I T Y  OF F E E D S T U F F  C E L L U L O S E  I h  T H E  B O V I N E  RUMEN 1960. C R Y S T A L L I N I T Y  OF 
N I A  1943. T H E  U T I L I Z A T I O V  O F  UREA I h  T H E  B C V I N F  RUPEN 11. T H E  C O N V E R S I O N  OF U R E A  TO AMP0 
ED M A T E R I A L  AND THE/  1944. T H E  U T I L I Z A T I O N  O F  UREA I h  T H E  B O V I N E  RUMEN 1V. THE I S O L A T I O N  O F  T H E  S Y N T H E S I Z  

1963. T H E  C E L L U L O L Y T I C  A C T I V I T Y  OF PURE S T R A I N S  O F  B A C T E R I A  FROM T H E  RUMEN O F  C A T T L E  

1964. A METHOD OF A S S E S S I N G  F R E E - L I V I N G  AND ATTBCHEO R A C T F R I A  I N  RUMEN CONTENT 

1957. T H E  R A C T E R I C L C G Y  OF T P E  A R T I F I C I A L  RUMEN 

1957 .  THE I N F L U E N C E  O F  S O O I U M  A E h T O N I T E  I N  V I T R O  AND I N  T P E  R A T I O N  O F  S T E E R S  

T l V /  1950. T H E  I J T I L I Z A T I C N  OF NON P R O T E I N  N I T R O G E N  I N  T H E  B O V I N E  RUMEN V I .  THE F F F E C T  O F  M E T A L S  ON THE A t  
1953. C L T A B O L I C  Q E A C T I O N S  OF M I X E S  S U S P E N S I O h S  OF B C V I N F  RUPEN B A C T E R I A  

MPLOYED I V  CULTIJRAL I N V E S T I G A T I O N S  OF THE B I C T E R I O L O G Y  OF B C V I N F  RUMEN CONTENTS 1952 .  T E C H N I Q U E S  E 
P R O T E I N  1 1  RUMEY I /  1 9 4 3 .  T H E  U T I L I Z A T I O N  OF U R t A  I h  T H E  B C V I N F  RUMEN 111. T H E  S Y N T H E S I S  P N D  BREAKDOWN OF 

A I L A B I L I T Y  3 F  TUE N I T R O G F N  I N  SOME A M M O N I A T E 0  PRODUCTS TO R C V I N E  RUMEN M I C R C O R G A N I S M S  1959. AV 
P S  FRO4 C F L L U L O S E ,  STARCH,  A N 0  M E T A B O L I C  T N T E R M E D I A T E S  B Y  B C V I N E  RUPEN C I C R C O R G A N I S M S  / O R 1  C H A I N  F A T T Y  A C I  
Z A T I O N  OF UREA IY T H E  B O V I Y E  RUMCIY 111 .  T H E  S Y N T H E S I S  A N 0  BREAKDOWN OF P R O T E I N  IN RUMEN I Y G E S T A  / T H E  U T I L I  

Y MATTER D I G F S T I B I L I T Y  O F  E I G /  1964. T H E  E F F E C T  O F  W I N T E R  R U R h  ON THE C H E M I C n L  C O M P O S I T I O N  AND I N  V I T R O  DR 
1166 .  U S E  O F  THE I N  V I T R O  D I G E S T I B I L I T Y  T E S T  I N  P L A N T  R R E E D I N G  

C 

1952. RU’FZ AND C A E C A L  C ICROORGAhISb ’S  A S  S Y M B I O N T S  
T I O N  OF S T R I  1 9 4 7 .  M l C R O q l A L  D I G E S T I O N  I N  THE RUMEN I 4 N O  CAECUH 1 W I T H  S P E C I A L  R E F E R t N C E  TO THE DECOMPOSI  
V I T R O  A V A I L A 9 1 L I T Y  O F  P H Y T I l  1961. C O M P f i R A T I V E  E F F E C T S  O F  C A L C I U M  TO PHOSPhCRUS R A T I O S  AND L F V E L S  UPON I N  

I V  V I T R 3  l 9 6 U .  THE A P P L I C A T I C N  O F  C A L C R I M E T R Y  T O  T P E  STUDY O F  R U M I N A L  F E R M E N T P T I O N  
/OF T H E  3 V I V F  RUMEU I ! .  T H E  F U N C T I O N A L  G 9 0 U P S  F E R F N T I N G  CARBOHYDRATES ANC L A C T A T E  ON A D I E T  O F  LUCFRNE / 

E S T I O Y .  4 Y O  F A T T Y  A C I D  F V R Y A T I O N  1156. THE R O L E  OF CARBOHYDRATES I N  L R E A  U T I L I Z A T I O N I  C E L L U L O S E  OIG 

Y E  RUYEN B A C T E R I A  1953. C A T A B C L I C  R E A C T I C N C  OF M I X E D  S U S P E N S I O N S  OF B O V I  
I L I T Y  BY SHEEP 1961. E F F E C T  O F  V.i \RIOUS C A T I O N S  AND CORN O I L  ON CRUCE C E L L U L O S E  O I G E S T I R  
C O M P A P I S 3 N  O F  T H E  RUPEN F F R M F N T A T I O N  I N  ELROPEAN A N 0  ZEBU C A T T L F  1960. A 
I C  I C T I V I T Y  O F  ”URE S T R A I N S  OF B A C T E R I A  FROM T H E  RUMEN OF C A T T L F  1963. T H E  C E L L U L O L Y T  
S A M P L I N G  I V  S T U D I E S  OF D I G E S T I O N  I N  THE R r T I C U L O  RUMEN OF C A T T L F  / AND R E T U R N  OF O I G E S T P  FOR O U A U T I T A T I V F  
0 ANNUAL FORAGE, C L I P P E O  HERBAGE, AND STAYDARO S A M P L F S  B Y  C A T T L F  AND S H E E P  1964. Y I C R O C I G E S T I O N  O F  GRAZE 
U I C R O D I G E S T I O N  T E C H Y I B U t S  1964. V P R I 4 T I O N S  AMCYG C A T T L E  AhD SHEFP 1% D I G E S T I V E  POWER MEASURED B Y  

OF S A P O U I V  D I G F S T I N G  B A C T E R I A  FROM T H E  RLMEN OF B L O A T I N G  C A T T L E  ON L A D I N O  CLOVER P A S T U R E  1962. I S O L A T I O N  

1 9 4 5 - 1 9 4 6 .  THE F E R M E N T A T l r h  OF CARBOHYDRATES I N  T H E  RUMEN O F  T H E  S H E E P  

1960. M E T A B O L l S ”  OF T H F  S O L U B L E  CARPCHYDRATES OF C R A S S E S  I N  THE RUMCN OF SHEEP 
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RUE D I G E S T I B I L I T Y  OF FORAGES 8 Y  T H E  I N  V I T R O  O I G E S T I C N  OF CFL I .  W A L L S  1960. E S T I M A T I O N  OF THE T 
N M 1 CROOQGAV I S M  5 1965. C E L L U L A S E  FROM RlJMINOCCOCUS A L B U S  AND W I Z E O  RUME 
A FROM THE RUMEN O F  C A T T L E  1903. T H E  C E L L U L O L Y T I C  h C T I V I T Y  O F  PURE S T R A I N S  OF R A C T E R I  
I .  THE A C T I O N  O F  S A C C H A R I D E I  I N  V I T R O  AND I N  V I Y O I  CN T H E  C E L L U L O L Y T I C  A C T I V I T Y  O F  T H E  H E A R T  B E A T  O F  R U M E l  
T A T I O N S  1963. ISDLP.TIOU AN0 C H A R A C T E R T 7 b T I P N  OF S F V F R A l  C E L L U L O L Y T I C  B A C T E R I A  FROW IY V I T R O  RUMEN FERMEN 
E F b C T O R S  I V F L U r N C I N G  T H F  B A L A N C E  OF O I F F c R E Y T  S P E C T F S  OF C E L L U L O L Y T I C  R b C T E R l A  I N  THE RUMEN 1955. POSSIRL 

195R. V O L a T I L F  F A T T Y  A C I D  GROWTH FLICTOR FOR C t L L U L C L Y T l C  COCCI O F  B C V I N E  RUMEY 

A l Y E D  F A T T Y  h C I P S  1 9 5 4 .  THE C E L L U L O L Y T I C  FECTC'I  A C T I V I T Y  O F  C E R T A I N  SHORT C H  
1954. H Y O R O L Y T l C  PROOIJCTS OF C E L L I J L O S F  A N T  T l iF  C E L L U L O L Y T I C  E K Z Y P F S  

BY O I F F E R E V T I A L  C E N T R I F U G A T I O N  19hO. S T I J D I F S  WIT I '  THE C E L L l J L O l  Y T I C  F R A C T I O N  O F  RUMEN R A C T E R I A  O R T A I N E O  
1951. THE E N Z Y M I C  C E C O M P O S I T I C N  OF CELL(J!.OSE 
I 9 B h .  THE S Y M B I O T I C  I J T I L I Z P T I C N  OF t F L L U l  C S i  

T I L E S  1 9 5 1 .  Y I C R O B I A L  D F C O M P O S I T I C N  OF CfLl.1JI.CSE - W I T H  S P E C I A L  R E F E R E N C E  TO COTTON T F X  
W I T H  S P E C I A L  Q E F F R E N C E  T O  THE O E C O M P O S I T I O N  OF S T R V C T U R A L  C E L L U L O S E  I I G E S T I C N  I N  T H F  RLJMEN ( AND CAECUM 1 
SE I N  T H E  B O V I Y E  RUMEN 1960. C R Y S l A L L I N r T Y  O F  C E L L U L O S E  ARD C I G E ~ T I E I L I T Y  O F  F E E D S T U F F  C E L L U L O  
GES 1 9 6 4 -  S I M P L I F I E D  T E C H N I Q U E  F O R  I N  V I T 9 0  C O M P A R I S C N  OF C E L L U L O S E  b k 0  CRY 9 A T T E R  C I G E S T f R I l I T I E S  OF FORA 
R I A L  A C T I V I T Y  O F  PUYEN WlTH P P P L I C A T I O N  TP U T I L I Z A T I C N  OF: C E L L U L O S F  bhlO H E t J I C E L L U L O S E S  / V A L U A T I O N  OF M I C R O  

T O F  SOME E G Y P T I A N  FORAGFS,  1. THE I N  V I T R O  D I G F S T I G N  OF C E L L U L O S E  PS A C R l T E H l O N  OF ENERGY CONTENT / N T E N  

FS, d I T H  AVO W I T H O ( J i  A U K E O M Y C I N r  ON I N  V I T R O  D I G F S T I C N  OF C E L L U L O S E  BY RUMFN M I C R O O R G A N I S M S  I S  O F  F E E D S T U F  
V A L E R I C  A C I D  O I I Q I N G  THE D I G E S T I O N  OF GLUCOSE, STARCV AN0 C E L L U L O S E  BY RIUMEN P I C R O O R G A N I S M S  I N  V I T R O  / S  OF . A PURE C I J L T U R F  I V O C U L I J M  METHOD F O R  E V I L L I T I O N  O F  FCRAGF C E L L U L O S E  O I G E S T I E I L I T Y  I 9 6 5  

/ L  RIJMEN I N V E S T I G I T I P N S  1.  V A R I A B I L I T Y  OF l l R Y  M A T T F R  ANO L L U L O S E  D I G E S T I B I L I T Y  A N 0  P R O O U C T I O N  O F  V O L A T /  
AND A L F A L F A  WHEY E S T I M A T I N G  N t I T R I T I V E  V A C l i f  FROM I N  V I T R O  L L U L O S E  O I G E S T I R  I L I T V  AY RUMFN M I C R O O R G A N I S H S  

1 9 5 4 .  H Y D R O L Y T I C  PROOUCTS OF C E L L U L O S E  AND T H E  C F L L U L O L Y T I C  ENZYMES 

1746. F E R M E N T A I I  ON OF W O O - O ' J S T  R Y  C E L L U L C S E  B A C T F K I P  

1961- E F F E C T  3F V A R I O U S  C B T I O N S  4ND CORY O I L  ON CRUDE CE1.LULOSE D I G E S T I P I L I T Y  B Y  SHEEP 
1905. Q E L A T I Q N S H I P  OF I L I G Y I F I C A T I O N  TO I N  V I T R O  C E L L U L O S E  O I G E S T I P I L I T Y  O F  GRASSES 4ND L E G U P E S  

E D  FORAGES T O  T H E I R  I /  19h2.  THE R E L b T I O N S H I P  OF I N  V I T R O  C E L C U L C S E  O I G E S T I B I L I I V  O F  U N O R I F O  A N D  DRIED ' J I X  
1V. E F F E C T  O F  CqANGE O F  D I E T  ON THE P R f O O M I N A N T  T Y P E  OF C E L L U L O S E  D I G E S T I N G  B l C T E R I A  /OF T H E  O V I N F  RUMEN 

1 9 6 2 .  E F F E C T  OF CHANGE. O F  D I E T  ON THE P R E C O M I N A N T  T Y P E  O F  CELLULOSE D I G E S T I N G  B I C T E R I P  1 N  T H E  RUMEN D F  SH/  
1956. F A C T O R S  I N F L U E N C I Y G  I N  V t T R O  RUMEN C S L L U L O S E  O I G F S T I C N  

1966. ESTIYATION OF FORAGE NUTRITIVE vn1-w FRCM r N  VITRO CELLULOSE DIGESTION 
N SOURCES F 3 R  RUMEN M I C R O O R G A N I S M S  - UREA U f I L l Z A T I O N  A N 0  C E L L U L O S E  O I G E S T I O N  I N D  P R O T E I N  M E A L S  A S  N I T R O G E  
IJM P R E P A R A T I O N  &NO THE E F F E C T S  OF V O L A T I L E  F 4 T T Y  P C l C S  OW C E L L U L O S E  DIGESTICN /PROCEOURE - I M P R O V E D  INOCIJL  
/ E F F E C T  OF P E L L E T I N G  A l .FALFA O N  I N  V I T R O  G A S  P R O O U C T I O N t  C E L L U L O S E  D I G E S l l C N  AND V O L A T I L E  F A T T Y  A C I D  P R O /  

1964. T H E  E F F E C T  OF T H I M E T  0% I K  V I T R O  C E L L U L O S E  O I G E S T I C N  BY R U C F N  M I C R O O R G A N I S M S  
1 9 5 6 .  T H E  E F F E C T  OF C H L O R T E T R A C Y C L I N E  F E E O I N G  OY I N  V I T R O  C E L L I J L O S F  D I G E S T I C P I  B Y  RUMEN M I C R O O R G A N I S C S  

I 9 5 O . P R E L I M I Y A R Y  O R S € R V A T T O N S  IJPON F A C T O R S  I Y F L U F N C I N G  C E L L U L O S E  OIGESTICN B Y  RUMEN M I C R O O R G A N I S P S  
9 6 4 .  THE EFFECTS OF WITER E X T R A C T S  OF FORAGES ON i r i  VITRO CELLULOSE DIGESTION ey RUMEN MICROORGANISMS I 

/FECTS OF V~RIATIOVS IN VOLIJME OF INOCULA ON THE IN v r m n  CELLULOSE OIGESTICV BY RUMEN MICROORGANISPS SUP/ 

F C T  O F  PHOSPHORUS TN D I F F E R E N T  C H E M I C A L  FORMS ON I N  V I T R O  C F L L I J L O S F  D I G E S T I O N  B Y  RUMEN M I C R O O R G A N I S P S  l E F F  
I T S  S T I M U L A T I O N  BY F I S H E R Y  BY PROOUCTS 1954. I N  V I T R O  C E L L U L O S E  D I G E S T I C N  BY RUMEN M I C R O O R G A N I S C S  A N 0  

I 9 6 1 . C E L L U L O S E t  S T A R C H  AND N I T R O G E N  L E V E L S  F O R  M A X I P U P  C F L L U L O S E  D I G E S T I O N  @ Y  RUMEN O R G A Y I S M S  I N  V I T R O  
E N  M I C R D 3 R G A N I S M S  1955 .  A METHOD F O R  THE S T U C Y  OF C F L L U L O S E  0 I G f S T I C " I  BY  HASHED S U S P E N S I O N S  OF RIJP 
GHAGES U S I Y G  AN A R T I F I C I A L  RUMEN 1950. C E L L U L O S E  D I G E S T I O N  I N  GOOD A N D  POOR Q U A L I T Y  ROU 

1958. M I N E R A L  R E Q U I R E P E N T  OF RUMEN M I C R O O R G A N I S M S  FOR C E L L U L O S E  O I G E S T I O U  I N  V I T R O  
I96ri. A C O W A R I S C N  OF C E L L U L O S E  D I G E S T I O N  I N  V I T R O  AND I N  V I Y O  

O I G E S T I B I L I T Y  OF FORAGE C E L L U L O S E  I N  R U M I N A N T S  1959. C E L L I J L O S E  D I G E S T I C Y  I N  V I T R O  A S  A MEASURE OF T H E  

1 STAGE O F  M A T U R I T Y  A N 0  L I G N I F I C 4 T I O N  OV THE D I G E S T I O N  OF C E L L U L O S E  I N  FOREGE P L A N T S  B Y  RUMEN H I C R O C R G A N I l  
T I D N  I N  V I T R O  A S  A M E A S U R E  O F  THE D I G E S T I R I L I T Y  O F  FCRAGF C E L L U L C S E  I N  R U M I N A N T S  1959 .  C E L L U L O S E  O I G E S  
C R Y S T A L L I N I T Y  O F  C E L L U L O S E  A N 0  D I G E S T I B T L T T Y  OF F E E D S T U F F  C F L L U L O S E  I N  THE F O V I N E  RUCEN 1960. 
A N I S M S  1961. E F F E C T  O F  S T A R C H  O N  THE O I G E S T I C N  OF C E L L U L O S E  I N  V J T R O  AND I N  V I V O  BY RUMEN MICROORG 
F S H E E P  t94-R. THE F E R H E N T A T I C N  O F  CELCIULOSE I N  V I T R C  9 Y  O R G A N I S Y S  FROM THE RLJMEN 0 

Y B O V I N E /  1165. F O R M A T I O N  OF SHORT C H A I N  F b T T Y  A C I D S  FROM C E L L U L C S E ,  STARCH. ANC M E T A B O L I C  I N T E R C E D I A T E S  B 
/THE I N F L U E V C E  OF C E R T A I N  P H Y S T C P L  P R O P E R T I E S  O F  P U R I F I E D  C E L L U L C S E S  A N D  FCRAGE C E L L U L D S E S  ON T H E I R  OIGES1 
/ I N  P H Y S I C A L  P R O P E R T I E S  OF P U R I F I E D  C E L L U L O S E S  A N 0  FORAG€ C E L L U L O S T S  ON T H E I R  C I G E S T I R I L I T Y  R V  RUMEN V I C R /  
T I L I Z A T I O N  O F  I S O L A T E D  H E M I - C E L L U L O S E  B Y  PURE C U L T U R E S  O F  C E L L U L O T I C  RUMEN f !ACTERIP 15. D E G R A D A T I O N  A N 0  U 
L Y T I C  F R A C T I O N  O F  RUMEN B A C T E R I A  O R T A I N E O  R Y  D I F F E R E N T I A L  C E N T R I F U G A T I O N  1 9 6 0 .  S T U O I E S  W I T H  T H E  C E L L U L O  

1 9 5 5 .  T H E  S O L E  OF CARBOHYDRATES I N  U Q E A  U T I L I Z A T I O N ,  C F L L U L O S E  D I G E S T I C N i  AND F A T T Y  A C I D  F O R M A T I O N  

ORGANISMS ry v I r R n  1958.  THE R A T E S  or CIGFSTION n~ TtiE CELLULOSE OF SOME PLANT FRACTIONS B Y  RUMEN MICRO 

rmoLrc  I Y T F R M E D I A T E S  BY BOVINE/ 196s. FORMATION OF SHORT CHAIN F A T T Y  ACIDS FROM CELLULOSE, STARCH,  AND ME 
1954. THE C E L L U L O L Y T I C  FACTOR 4 C T I V I T Y  OF C E R T A I N  SHORT C P A I N E D  FAT. IY  A C I C S  

A C T E R I U M  FR3M T H E  S H E E P  RUMEN 1961. I S O L A T I O N  A N 0  C F A R A C T E R I Z A T I O N  O F  A H E M I C E L L U L O S E  F E R M E N T I N G  B 
N- SP. 1958.  I S O L A T I O k  AND C H A R A C T E R I Z A T I O N  O F  M E T H b N O R A C T E R I U H  R U M I N A N T I U C  

4 FROM I V  V I T R O  RUMEN F E R M E N T A T I O N S  1963, I S O L A T I D N  AND C H A R A C T E R ! Z d T I O N  C F  S E V E R A L  C E L L U L O L Y T I C  B A C T E R l  
/ V A L U A T I O N  O F  F O R 4 G E S  I N  THE LABORATORY,  V. C O N Q A R I S O N  OF C H E P I C A L  ANALYSES,  S O L U B I L I T Y  TESTS,  A N D  I N  V I T /  
ETWEEN PV V I T R O  A N 0  IN V I V O  MEASURES O F  D I G E S T I B I L I T Y  A N 0  C H E M I C A L  COMPONFNTC OF FORAGES 1. C O R R E L A T I O N S  8 

R E L A T I O V S H I P  U I T H  C U T T I N G  TREATMENT,  W A G E  O F  GROWTf' 4 N 0  C C E M I C A L  C D M P O 5 1 T I O N  / L I E S  AND V A R I E T I E S  AND I T S  
OF HERBAGE R Y  RUMIN lANTS - VOLUNTARY I N T A K C  I V  R E L A T I C N  TO C H E C I C A L  C O H P O S I T I C N  A N D  D I G E S T I R I L I T Y  / I N T A K F  
OF FORAGE AS A F F E C T F O  B Y  SEASON I N  YORTHERN O N T A R i C  1966, CFEPICAL C O M P O S I T I O N  A N D  I N  V I T R O  O I G E S T I R I L I T Y  
E S T I B I L I T Y  O F  E l G l  19611. THE E F F E C T  OF WINTER B U R N  ON THE CHEPICf i l .  C O P P O S I T I O N  dNO I N  V I T R O  DRY MATTER DIG 
/ U A T I O N  3 F  P B S T U R f  O U P L I T Y  W I T H  YOUNG G K A L I N C  SHFFPs 11. C H E P I C B I .  C O M P O S I T I C N ,  B O T A N I C A L  C O Y P O S I T I O N ,  AN/ 
/ € . I .  E F F E C T  OF FOUR M A l U R I T V  S T A G E S  OF TXWDTYY H A Y  ON I T S  CHE!#ZCAL C O t ' P O S I T I O N ,  N U T R I E N T  D I G E S T I 8 Z L I T Y  A N /  
Y RUMEN M I C R O O R G I  1961. E F F E C T  OF PHOSPHORUS I N  D I F F E R E N T  C H E C I C A L  FORMS ON I Y  V I T R O  C E L L U L O S F  D I G E S T I O N  R 
A L U E  O F  FORAGES 1965. D E V E L O P M E N T  AND U S E  OF C P E M I C A L  METHOUS FOR D E T E R M I N I N G  T H E  N U T R I T I V E  V 

N U T R I T I /  1964. A C O M P A R I S O N  OF I N  V I T R O  F E R M F N T N l O h  AND C V E C l C d L  S O L U B I L I T Y  M E T h 0 0 S  I N  E S T I N A T I N G  FORAGE 
D I G E S T I O V  BY RUtJEN M I C R O O R G A N I S M S  I 9 5 h .  T H E  E F F E C T  OF C H L C R T E T R D C Y C L I N E  F E E C I N G  O N  I N  V I T R O  C E L U J L O S E  
/. P R E O I C T I D N  O r  THE N U T R I T I V E  V A L U E  I N D E X  OF FORPGES F E D  C H C P P E D  0'1 GROUNC IUSING A N  114 V I T R O  RUMEN F E R M E l  

ACIDS 1946. THE APPLXC~TION OF THE S T L T C A  GEL PARTITXW CHRONBTOGRAM T O  ESTIMATION OF VOLATILE F A T T Y  
1966. C U L T U R E  OF THE RUMEN H O L O T R I C H  C Y L I B T E  C A S Y T R I C F ' b  R U H i N d T I U M  SCHUBERC; 

L F L O R A  S T U D I E S  I N  T H E  S H E E P  I X .  THE E F F E C T  OF PI4 ON THE C i L I A T E  P O P U L A T I C N  O F  T H E  RUMEN I N  V I V O  / R l J N I N A  
AN0 SHEEP 196hs M I C R O D I G E S T I O N  OF G R A Z E D  ANNUAL FORBGfp C L I P P E D  HERBAGE9 d N C  STANOARO SAMPLES O Y  C A T T L E  
T I N G  B A C T E R I A  FROM T H E  RUMEN OF R L O A T I N G  C A T T L E  ON L A O I N O  CLOVER P A S T U R E  1962. I S O L A T I O N  OF S A P O N I N  D l G E S  

/ S T I B Y L T T Y  OF T H E  L E A V E S  A N 0  STEMS O F  P F R C N N l A l .  RYEGRASS, COCKSFCOT. TBMOTHYI T A L L  FESCUE, L IJCERNE A N 0  S A /  
S ON FORAGE S I I B S T R A T t 5  1766- C O L C 4 8 0 R A T I V E  I N  V I T R O  RUMEN F E R M E N T A T I O N  STUDlE 
UMIIIYANT D I G E S T l O N  I N  W I T r ( 0  A S  d F F E C T E D  R Y  I N O C U L U M  DONOXI C O L L E C T I O N  D A Y ,  AND F E R M E N T A T I O N  T I M E  1 9 0 6 .  R 
EOMYCINI  ON I N  V I T R O  D I G E S T I O N  OF C € L L U l  1957. EFFECTS O F  C C P R I N A T I C N S  O f  FEECSTUFFS, W I T H  !IN0 W I T H O U T  AUR 

V I T R O  AVO I N  V I V O  MEASURES O F  D I G E S r l B l L I T Y  A N D  CWE-PlC41. CDCPCYENTS OF FORAGES 1.  C O R R E L A T I O N S  BETWEEN I N  
T H E  A L I M E N T A R Y  l R A C T  OF A N I M A t S  AND F A C T O R S  A F f F C T l N G  I T S  C O M P O S X T I U N  1965. O B S E R V A T I O N S  ON T H E  F L O R A  OF 
S H I P  W I T H  C U T T I Q G  TRFATMFNT,  S T B G E  (IF GROWTH &NO C H F P I C A I .  C O M P O S l T l O N  / C I E S  AN0 V A R l E T I E S  AND I T S  R E L A T I O N  
E B Y  R U M I N A Y T S  - V O L U N T A R Y  I N T A K E  I N  R E I - A I I O V  TO C H F M I C A L  C C * P O S I T I O N  ANO C T G E i T I B I L I T V  / I N T A K E  O F  HERRAG 

A S  A F F E C T E D  BY SEASON I N  NORTHERN O N T A R I O  1066. C l l E B I C A L  C C C P O S I T I O N  A w n  I N  V I T R O  O I G F S T I B I L K T Y  O F  FORAGE 

1958.  V O L A T I L E  F A T T Y  A C I O  GROWTH F 4 C T O R  F O R  C E L L U L O L Y T I C  C O C C I  OF B O V I N E  RUPEN 
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Y OF E I G l  1 9 6 4 ,  T H E  E F F E C T  O F  W I N T E R  BURN ON THE C H E P I C A L  C C P P O S I T I O N  A N 0  I N  V I T R O  ORY MATTER D I G E S T I B I L I T  

T E F F  HAY 1 9 6 2 .  B A C T E R I A  O F  THE O V I h E  R I IMFN I .  T H E  C C C P O S I T I O N  O F  THE P O P U L A T I O N  OM A D I E T  O F  POOR 
l O U N G  G R A Z I V G  SHEEP, 11. C H E M I C A L  C O M P O S I T I O N I  B O T A N I C A L  C C C P C S I T I O N I  A N 0  I N  V I T R O  D I G E S T I B I L I T Y  Or H E R B /  
/ PASTURE Q U A L I T Y  W I T H  YOUYG G Q A Z I N G  SHEEP,  11. C H E P I C A L  C C P P D S I T l O N v  B O T A N I C A L  C O M P O S I T I O N ,  AND I N  V I T R /  
I T  OF F O J R  Y A T U R I T Y  STAGES OF T I M O T H Y  H A Y  ON I T S  C H E P I C A L  C O P P O S I T I C N .  N U T R I E N T  D I G E S T I B I L I T Y  A N 0  N U T R l T I l  
T I V I T Y  1 9 5 9 .  F F F E C T  OF M I N O R  CHANGES I N  T H E  I N G R E D I E N T  C O V P O S I T I O N S  OF T H c  R A T I O N  ON RUMEN M I C R O B I A L  AC 
S T I N A L  TRACT OF F U L L - F E D  A E E F  / 1 9 6 1 .  V O L A T I L E  F A T T Y  A C I D  C O N C E N T R A T I O N S  AhC PROPORTIONS I N  T H E  G A S T R O I N T t  
ED E F F E C T S  AS FACTORS I N F L U F N C I Y G  M E T A B O L I S M  AND PROTOZOA C C h C E N T R A T I O N S  Ih  T H E  RUMEN O F  SHEEP /D A S S O C I A T  
F A SHEEP F E D  A L I M I T E D  R A /  1966. P E R I O D I C  CHANGES I N  T H E  C C h C E N T R A T I O N S  OF M I C R O - O P G 4 N I S M S  I N  T P E  RUMEN 0 
OF SHEEP FFO L I M I T E D  D I E T S  / 1966. D I U R N A L  CHANGES I N  T H E  C O h C E N i R P T I O N S  OF MICRO-ORG%4ISMS I N  THE RlJMENS 
OF S H E E P  F E D  T O  A P P E T I T E  I N /  1966. D I U R N A L  CHANGES Ilu T H E  C C h C E N T R B T I O N S  OF MICRO-ORGANISMS I N  THE RUPENS 
E, W I T H  S T U D I E S  0'4 THE R F L A T I V E  V A L U E  OF D I F F E R E N T  R A T I O N  C C N S T I T U E N T S  / I N  V I T R O  A R T I F I C I 4 L  RUMEN T E C H N I Q U  

1948.  T H E  C O P P O S I T I O N  A N 0  OUTPUT O F  S H E E P S  S A L I V A  

1 9 6 1 .  C O Y P A R A T I V F  I N  V I T R O  O I G F S T I R I L I T Y  O F  SOHE CAJOR C C L S T I T U E N T S  OF T H E  SUMMER D I E T  O F  RANGE SHEEP 
1961. C O Y P A R A T I V E  I N  V I T R O  D I G E S T I R I L I T Y  OF SOME CAJOR C O h S T I T U E h T S  OF THE SUMMER O I E T  O F  RANGE SHFEP 

L T U R A L  I V V E S T I G A T I O N S  OF T H E  B A C T C R I O L O G Y  OF B O V l N E  RUMEN C C h T E N T S  1952. T E C H N I Q U E S  EMPLOYEO I N  C U  
OF P H  I V  V I T R O  UPON THE M l C R O A l b L  PROCESSES I N  T H E  RIJMFN C C h T E N T S  OF T H E  COW 1959. ON T H E  E F F F C T  

N OF AN I M P R O V E D  A R T I F I C I A L  RUMEN O E S I G Y E P  FOR C O N T I N U O U S  C C h T R O L  D U R I N G  PROLCNGED O P E R b T I O N  /O. E V A L U P T I O  
I C R O - O R G A N I S P S  FROM T H E  COW S RUMEN 1 9 4 0 .  THE I N  V I T R O  C C N V E R S I C N  OF I N C R G A N I C  N I T R O G E Y  TO P R O T E I N  B Y  M 
9 4 3 .  THE U T I L I Z A T I O N  O F  UPEA I N  TIHE B O V I N E  RUPEN 11. T H E  C C N V E R S I C h  CF U R E d  T O  AMMONIA I 
E P  1 9 6 1 .  E F F E C T  OF V A R I O U S  C A T I O N S  A N 0  C C A h  C I L  CN CRUCF C E L L U L O S E  O I G E S T I R I L I T Y  RY SHF 
E S  O F  OIGESTIl 1962. A R T I F I C I A L  R U Y E N  I N V F S T I G A T I O N S  1 1 .  C O R R E L A T I C N S  8 E r W E t N  I N  V I T R O  AND I Y  V I V O  MEASUR 
AL  C E C O M P O S I T I O N  3 F  C E L L I J L O S E  - W I T H  S P F C T A L  R E F E R t N C E  T O  COTTCN T E < T I L E S  1 9 5 1 .  P I C R O R I  
UPON THE MICROBIAL PROCESSES IN THE R u t w r J  COYTENTS n F  THE c c w  1959. ON T H E  E F F E C T  O F  P H  I N  V I T R O  
I N O R G A N I C  V I T R 3 G E Y  TO P R O T E I N  BY MICRO-ORGANISMS FROW THE CCW S RUl rEN 1940. T H E  I N  V I T R O  C O U V E R S I O N  OF 
S AND SOYE P R E D O M I N A N T  GROUPS OF R A C T E R 1 4  I N  THE RUMEN OF CCWS F E D  D I F F E R E N T  R A T I O N S  1953. NUMBER 
Y TRBCT 3 F  L I V E S T O C K  1 1 .  B A C T E R I A L  F L O R A  1'4 T H E  RUCEN OF COWS F E D  O I F F E R E h T  R A T I O N S  /ORA I N  T H F  A L I M E N T A R  
RO S T U D I E S  W I T H  3 U Y E N  MICRO-ORGANISMS I N  S O - C A L L E O /  1956. C R I T E Q I A  FOR E S T A E L I S H I N G  T H E  V A L I D I T Y  O F  I N  V I T  
I A N  FORAGESI 1 .  THE I N  V I T R O  D I G E S T I O N  OF C E L L U L O S E  AS A C R I T E R I C N  OF EhFRGY CONTENT I N T E N T  OF S O M E  E G Y P T  

T W O  STAGE T E C H Y I P U E  FOR THk I N  V I T R O  O I G Z S T I O N  O F  FORAGE CROPS 1 9 6 3 .  A 

1 9 6 1 .  F F F E C T  O F  V A R I O U S  C A T I O N S  AND CORN O I L  O Y  CRUDE C E L L U L O S F  C I G E S T I e l L I T Y  BY S H E E P  
F E E C S T U F F  C E L L U L O S E  I N  THE R O V I N E  R U S E N  1960. C R Y S T d L L l N I T Y  OF C E L L U L O S E  AND D I G E S T I B I L I T Y  OF 
O V I N E  RUYEY CONTEYTS 1 9 5 2 .  T E C H N l r U E S  EMPLOYEO I V  C U L T U R A L  I N V E S T I G A T I O N S  OF T H F  B A C T E R I O I O G Y  OF 8 
I N T E Y A N C E  OF T H F  RUMEY Y I C R O B I A L  P O P U L A T I O N  I N  C O N T I N U O U S  C U L T U R F  964. M C D I F I C A T I O N S  O F  A D E V I C E  FOR MA 
I O h  1961. C O N T I h U O U S  C U L T U R E  A S  A M E T k C O  FOR S T U D Y I N G  RUMEN F E R M E N T A T  

C E L L U L O S E  01  G E S T I R  I L  I T Y  1965. P PURE C U L T U R t  I N O C U L U P  PFTI -00  FOR C V A L U A T I O N  O r  FORAGE 
I N  C E T E R M I V I Y G  C I U R N A L  V A /  1961. AN I P P R O V E O  Y O N S E L F C T I V E  C U L T U R F  P E D I U P  FCR R U M I N A L  B A C T E R I A  AVO I T S  USF 
A I N  T H E  A L I M E N T A R Y  TQACT OF L I V E S T O C K  I .  METHOD FOR T H E  CULTURE OF THE R A C T F R I A  I N  RUMEN / S  ON M I C R O F L O R  
A R U M I N A T I U Y  TC ' IUSERG 1966. C U L T U P E  OF T H E  RUMFN P O L O T R I C H  C l L I h T E  D A S Y T R I C H  
I9bD. S O Y E  A S P E r T S  O F  R U M I N A L  M E T A E O L I S W  Q E V E A L E O  PY PVRE CULTURE S T U C I E S  CF T h E  I N C I G E N O U S  F L O R A  
C l  OF P H  OY P O P I J L A T I O N  AVO F E R M E N T A T I O N  I Y  A C O N T I N U C U S L Y  CULTIJQEO RUPER ECOFYSTEM 1966. E F F E  
D A T I O N  B Y 0  U T l L I Z P T l O N  O F  I S O L A T E D  H r M I - C F L L U L O S F  BY PURE CULTURES OF C E L L U L O T I C  RUMEN B A C T E R I A  /5. DEGRA 
/ HERBAGE S P E C I E S  A N 0  V P R I E T I E S  AND I T S  R F L A T I O Y S H I P  W I T H  C U T T I N G  TREATMENT,  S T A G E  O F  GROWTH A N 0  C H E M I C A L /  

1966. E F F E C T  OF P H  ON P O P U L A l I O N  AND F E R M E N T A T I O N  I N  A C O L T I N U O U S L Y  CULTUREC 81JMFN ECOSYSTEM 

1960. THE DRY MATTER D I G E S T I O N  I N  V I T R O  O F  FORAGE CRCPS 

AVO I N  V I T R O  MFASUREMENTS OF THE O I G E S T I P I L I T Y  O F  FPCDER CRCPS 1963. COMPARISON or  IY VIVO 

D 
0-ORGANISMS I N  THE RUMFNS OF S H E F P  F E D  L 1 ' " I T F D  D I E T S  CNCE C b I L Y  / N A L  CHANGES I N  T H E  C O N C E N T R A T I O N S  OF M I C R  
T T R I L I T Y ,  F A T T Y  A C I D  P R O n U C T I O N  4ND M I C R O U I A L  A C T I V I T Y  I N  D A I R Y  H E I F E R S  ANC WETHER / E V U L I N I C  A C I D  ON O I G F S  

E S T I O N  1'4 V I T R O  A S  A F F E C T E D  R Y  I Y O C U L U M  DSNOQr  C O L L C C T I O N  D A Y .  b N 0  F E R M E N T A T I O N  T I M E  1966. R U C I N A N T  D I G  
NSICYS OF RUCEY R A C T F R I A  1 9 5 C .  T H E  O F C A R 4 0 X Y L b T I O N  CF S U C C I N I C  A C I D  RY WASHED SUSPE 

YCE T O  C 3 T T 3 V  T F X T I L E S  1951. M l C Q O @ I A L  O E C O P P O S I T I O N  OF C r L L U L O S E  - W I T H  S P E C I A L  R E F E R E  
IY T H E  RUMEU I A'JD CAECUM 1 W I T H  S " E C 1 A L  YFFERENCE TC T H E  O E C O C P O S I T I O N  OF STRUCTURAL C F L L U L O S E  / l G E S T I O N  

L U L O S E  R Y  PURE C U L F U K E S  OF C E L L I J L O T I C  RUM" R A C T E l  1965. D E G R A O A T I C N  A V O  U T I L I Z A T I O N  O F  I S O L A T E 0  H E P I - C E L  
I C E S  OF E F F I C I E Y C Y  O F  RUMEN F E R M F N T A T I O N  OF SHEEP G R A Z I N G  DESERT RANGE FORnGE AS I N F L U E V C E O  R Y  S U P P L F M E Y T /  

O P E R A T I  19Sf l .  F V A L U A T I O N  OF AN I M P R O V E D  ' I R T I F I C I A L  RUMEN O F S I G N E O  FOR C O h T I N U O U S  CONTROL D U R I N G  PROLONGED 
D U L A T I O Y  I V  C O Y T I Y U O U S  C U L T U R E  9 6 4 .  M O p I F I C A T 1 0 N 5  OF A D E V I C E  F O R  C A I N T E N O M C E  OF T P E  RUMEN M I C R O R I A L  PO 
s I N  AN I Y  VITR? C o v T i N i i n u s  FLOW SYSTEP O Y  4 PROTEI\-FREE DIET 1958. GROWTH O F  R U Y F N  M I C R O O R G A N I S P  
N S T U D I F S  1966. I Y T E R A C T I O U  B E T W ' r 2  I V O C U L U P  OCYOR D I E T  AND S U B S T R A T E  I N  I N  V I T R O  R U M I N A Y T  D I G E S T 1 0  
N C T I O N A L  GR3UPS F E R M E Y T I Y G  CARRO'iYDRATES A Y O  L A C T A T E  C N  A D I E T  CF L U C E R N F  I M E C I C A C O  S A T I V A  1 H A Y  / T H F  F L  
HE OVINE R U Y E Y  I .  THE COMPOSITION OF riir POPULATION CN A DIET CF P C C R  T E F F  H A Y  1 9 6 2 .  B A C T F R I A  OF T 
90 C I G E S T I R I L I T Y  3 F  SOMF VAJOR C O N S T I T U E N T S  OF THE SLPPCR D I E T  CF RANGE SHEE'J 1 9 6 1 .  C O P P A R O T I V E  I N  V I T  
RO C I G E S T I B I L I T Y  3 F  S O M E  VAJOR C O Y S T I T U F N T S  OF T r l E  S L P P E R  O I E T  OF RANGE SI-EEP 1 9 6 1 .  C O M P A R A T I V E  I N  V I T  
CTS OF RJMEV M I C R ? O R G A Y I S C S  1965. E F F F C T  OF C I E T  O Y  THE A C T I V I T Y  O F  S E V E R A L  ENZYMES I N  E X T R A  
165 .  B A C T F S I A  O F  THE O V I N E  RUMFV I V .  E F F ' C T  OF CHAVCE OF D I E T  ON T H E  P R E P C P I N P N T  T Y P E  O F  C E L L U L O S E  D I G E S l  
ING B A C T E 9 1 A  I N  T H E  RUMFY OF S /  1 9 6 2 .  E'FFCT OF CHA ' lSF  OF D I E T  ON THE PRECCWINANT T Y P E  O F  C E L L U L O S E  D I G E S T  
19. S T U D I t S  OF THE IN V I T R O  T E C H h I Q U E S  AND T H E  E F F E C T S  OF D I F T  U P O h  T H E  P R C C U C T I O N  E N 0  R F C Y C L I Y G  OF RUME'I/ 
O O U C T I O Y  I Y  THE SUMEY 1962. O I F T A 9 Y  FACTORS A F F E C T I N G  V O L A T I L E  F A T T Y  A C I D  PR 
ONS OF F I L R 3 - O R G A V I S P S  I N  THE RUMENS OF SHEEP F E D  L l Y i T E O  D I E T S  ChCE C A l L Y  / N A L  CHANGES I Y  T H E  C O N C E N T R A T I  
6 6 .  RUMFV V 3 L U Y E  A S  A FACTOR I N V O L V E D  I N  I N O I V I O U A L  SHEED D I F F E R E h C E S  19 
t i  T H E  C F L L U L O L Y T I C  F R A C T I O Y  OF RUMEN B A C T F R I P  OBTAIk !EO RY O I F F E R F N T I A L  C E N T R I F U G A T I O N  1 9 6 0 .  S T U D I E S  W I T  
/ON I'd T H E  9 E T I r U L O  QUMFY I .  T O T A L  REMOVAL 4 V D  Q E T L R h  O F  D I G E S T A  F C R  Q U A N T I T A T I V E  S A H P L I N G  I N  S T U D I E S  O F /  
P i l Q U C  FOR IY VITR'I  C O Y P A R I S O N  OF C E L L U L O S C  AYD DRY " b T T t R  O I C E S T I R I L I T I E S  CF FORAGES 1 9 6 4 .  S I M P L I F I E D  TECH 

U L T U R E  IUOCULUY M E T H O D  FOR EVALUATION or  FORAGE CELLULOSE DICESTIRILITY 1 9 6 5 .  A PURE C 

O R I E O  AN0 D R I E D  M I X C O  FORAGES T O  T H E I R  I N  V I V O  DRY V d T T t R  O J C E S T I R I L I T Y  / T R C  C E L L U L O S E  O I G E S T I E I L I T Y  OF UN 
/ I .  C 0 9 S E L A T T O Y S  R E T U E E N  I N  V I T R O  A N 0  Ir4 V I V O  M F A S W F S  OF D I G E S T I B I L I T Y  A Y C  C H E M I C A L  COMPONENTS OF FORAGE/  
V I T R O  RUYEY FERP 'EYTATION T E C H N I Q U E S  FOR E 5 T l C A T I N G  FORAGE O I G E S T I P I L I T Y  b V C  I N T b K E  1965. U S E  OF I N  
A C E S  OF T I Y D T H Y  HAY O Y  I T S  C H E M I C A L  C O M P O ~ I T I O N .  N U T R I E N T  O I G E S T I P I L I T Y  A N C  Y U T R I T I V E  V A L U E  I N D E X  l R l T Y  ST 
/ V E S T I G A T I O U S  1. V A R I A A I L I T Y  OF DRY M A T T C R  AYE C E L L U L O S E  O l G E S T l P I L I T Y  b N C  P R O C U C T I O N  O F  V O L A T I L E  F A T T Y  / 

A WHEN E S T I Y A T I V G  U U T Q I T I V F  VALUE F R O M  I N  V I T R O  C F L L C L O S F  O I C E S T I P I L I T Y  1'Y RUYEU MICROORGAUISMS / Y O  A L F A L F  
I E S  OF P U R I F I E D  C E L L U L O S F S  AYD FORAGE C F L L U L O S E S  ON T H E I R  D l G E S T I P I L l T Y  PY RUMEN MICROORGANISMS I N  V I T R Q  / 
E F F E C T  OF V A R I O U S  C A T I O N S  BUD CORN O I L  OW C R l J X  C E L L L L O S F  C I C E S T I P I L I T Y  P Y  S e E E P  1961. 
Y O C I F I E D  METHOD FOR T H t  IY V I T R ?  D E T E R M I N A T I O N  OF HGRBAGE O I G E S T I P I L I T Y  1 Y  P L A N T - B R E E D I N G  S T U D I E S  1 9 6 6 .  A 

1966. C lJLTURE OF THE RUYCN H ' I L O T R I C H  C I L I A T E  D A S Y T R I C H A  R U M I N A T I U M  SCHURERG 

1959. THE E U Z Y M I C  D E C C P P O S I T I C N  CF C F L L U L O S E  

1 9 6 4 .  E F F E C T S  OF E S S E N T l A l  O I L S  OF SAGEBQtJSk  ON OEER RUCFN M I C R O E I A L  F U Y C T I O N  

1 9 6 6 .  THE I N  V I T R O  P R E n I r T I O N  O F  HFRBAGE D l G E S T I B I L l T V  

VOLUNTARY IYTPKE I Y  QECATION T O  c t i E v i c f i L  CorPosiTinh AND OICESTIPILITY INTAKE O F  HERBAGE B Y  RUMI~ANTS - 

1 9 6 5 .  O E T E K P I N A T I O Y  OF FORASE 1 O L O C E L L L L O S E  O I C E S T I B I L I T Y  P Y  I2 V I T R O  F E R M E N T A T I O Y S  

1943.  A P P L I C A T I O N S  OF THE TWC STAGE I N  V I T R O  D l G E S T I @ I L I T Y  METI-nD TO V A R I E T Y  T E S T I Y G  
RURY O Y  TLlE C H r M I C A L  C O M P O S I T I O N  AVO I N  V I T R O  D R Y  " b T T E R  @ I C E S T I P l L I T Y  OF E I G H T  G R 4 S S E S  / E F F E C T  O F  W I N T E R  

YE RUME"I 19611. C R Y S T A L L I N I T Y  CF C E L L U L O i E  ANC r I C E S T I P I L I T Y  OF F E E C S T U F F  C E L L U L O S E  I N  THE B O V I  
3. COYPARIS 'JN  O r  I Y  V I V O  AND I N  V I T R O  M F A c U A E M E Y T S  OF T H E  D I G E S T I R I L I T Y  O F  FnCCER CROPS I 9 6  
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YORTHERU O V T A R I O  1966. C H E M I C A L  C O M P O S I T I O V  A N 0  I N  V I T R O  
1959. C F L L U L O S E  D I G F S T I O Y  I N  V I T R O  A 5  b M E A S U R E  OF THE 

ON OF C E L L  d A L L S  1966. E S T l M A T I O Y  OF THF TRUF 
1965. R F L A T I O N S H I P  OF L I G Y I F I C A T I O N  TO I N  V I T R O  C E L L U L O S E  
/ H E M I C A L  C O ' 4 P O S I T I O N p  B O T A N I C A L  C O M P O S I T I O N +  AND I N  V I T R O  
ND I T S  R F L A T I O Y S H I P  WITH C U T T I N G  T R r /  1966. THE I N  V I T R O  
I N V E S T I G A T I I  Ic)hh,  T H E  K O U T I N F  O F T E R M I N A T I O Y  OF I N  V I T R O  
SUMPFR D I E T  OF RAYGF S H F E P  1961. C O M P A R A T I V E  I N  VCTRO 
FUMMFR D I E T  OF YAVGF S H E E P  1961. C O M P A R A T I V E  I N  V I T R O  -TRIALS 1965. E F F E C T  OF SOURCE OF I Y O C L L L M  0'4 
AL RYEGRASS, COCKSFOOT, T I M O T H Y ,  T A L L  F E 5 C U F I  / 1964. THF 

TO T H E I R  I /  1962. THE R E L A T I O N S H I P  O F  I N  V I T R O  C E L L U L O S E  
T P R O G R E S S I V E  S T A G E S  O F  M A T U R I T Y  1 9 6 3 .  THE I N  V I T R O  

1966. USE OF THE I N  V I T R O  
AL A C T I V I T Y  I N  D A I R Y  H /  1961. E F F E C T  OF L F V U L I N I C  A C I D  ON 
/ E  C F  THE I Y  V I T R O  F E R M F N T A T I O N  T E C H N I Q I I F  TO E S T I M A T E  THE 
U S I N G  A S I Y P L E  I N  V I T R O  T E C H N I Q l  1966. THE P R E D I C T I O N  OF 

C T  OF CHAYGE OF D I E T  ON THF P R E O O M I Y A N T  TYPE OF C E L L L L O S E  
r T L E  ON L A D I V O  CLOVER PA ' iTUKE 1962. I S O L A T I O N  D F  S A P O N I N  

1956. F A C T 3 R S  I N F L U E N C I N G  IN V I T R O  RUYEY C E L L U L O S E  
1949. A YEW M r T H O O  FOR THE STIJOY I Y  V I T R O  OF RUMEN 

1949. R U P I N A N T  
I Y A T I O N  OF F O R A G F  Y U T R I T I V E  V A L U E  FROW I N  V I T R O  C E L L U L O S E  
FOR RUMEY M I C R O O R G A N I S M S  - UREA U T I L I Z A T I O N  A N 0  C E L L U L O S E  
T I O N  AND THE E F F E C T S  OF V O L A T I L E  F A T T Y  A t 1 0 5  ON C E L L U L O S E  
F P E L L E T I N G  A L F A L F A  ON I N  V I T R O  G A S  P R O O U C T I O N p  C E L L U L O S E  
V I V O  AND I N /  19b3. E F F E C T  OF P H Y S I C I L  FORP OF R A T I O N  UPOY 

1964. THE E F F E C T  OF T H I M E T  ON I N  V I T R O  C F L L U L O S E  
1961. E F F E C T  OF H E A T I U G  S T A R C H  Oh I T S  

E L I M I N A R Y  O B S E R V A T I O N S  UPON F A C T O R S  I N F L U F N C I V G  C F L L U L O S E  
E F F E C T  OF C H L O R T E T R A C Y C L I N E  F E E D I N G  ON I N  V I T R O  C E L L U L O S E  
F F E C T S  OF H L T E R  E X T R A C T S  OF FORAGES ON I N  V I T R O  C E L L L L O S E  
SPHORUS I N  O I F F F R E V T  C H E M I C A L  FORMS ON I N  V I T R O  C E L L U L O S E  
A T I O N  BY F I S H E R Y  BY P R O D U C T S  1954. I N  V I T R O  C E L L U L O S E  
I A R I A T I O V S  I N  VOLUME O F  I N O C U L A  ON THE I N  V I T R O  C E L L U L O S E  
L L U L O S E t  S T A R C H  AVO N I T R O G E N  L E V E L S  F O R  M b X I M U M  C E L L U L O S E  
G A N I S M S  1955. A METHOD F O R  THE STLOY OF C F L L U L O S E  
NG AN A R T I F I C I A L  9 U M E N  1950. C E L L U L O S E  

A Y  ARTIFICIAL KUYEY TECHNIQUE r o  THF ESTIMITION OF GROSS 

LT OF CHANGE OF DIET ON r H E  PREUOMINANT TYPE OF CELLLLOSE 

S O F  A N A E R O R f C  B A C T E R I A  A C T /  1963. S Y M P O S I U M  OY M I C R O R I A L  
T I O N  T E C H N I Q U E S  1963. S Y M P O S I U M  ON M I C R O B I A L  
L AND RETURY O F  D I G E S T A  F O /  1965. Q U A N T I T A T I V E  S T U D I E S  OF 
R E T U R N  OF D I G E S T A  F O R  Q U A N T I T A T I V E  S A M P L I Y G  I N  S T U D I E S  OF 
I O N S  I N  T H E  NUMOERS O F  R U /  1965. Q U A N T T T A T I V E  S T U D I F S  OF 
A L  REFERENCE TO THE D E C O r P O S I T I O Y  OF STR/  1947. M I C R O R I A L  

1944. 
M I N E R A L  R E Q U I R E M E V T  O F  RUMEN M I C R O O R G A N I S M S  F O R  C E L L U I  D S E  

1960. A C O M P A R I S O V  OF C E L L b L O S E  
C I T Y  O F  F D R A G E  C E L L U L O S E  I N  R U M I N A N T S  1959, C E L L U L O S E  
9 C O L L E C T I O U  DAY, A N D  F E R H E V T A T I O N  T I M E  1966. R U Y I Y A N T  

1960. T H E  DRY WATTER 
LCOHOL 1959. THE R A T F  4ND M A G N I T U C E  OF 
T I O N  OF T H E  T R U F  O I G E S T I R I L I T Y  OF F O R A G F S  R V  THE IN V I T R O  
/NERGY C J N T E N T  O F  SOME E G Y P T I A N  F O R A G E S ,  1-  THE I N  V I T R O  
S OF F E F D S T U F F S t  W I T H  AND W I T H O U T  A V R E O P Y C I N r  ON I N  V I T R O  
/THE E F F F C T  O F  S T P G E  OF M A T U R I T Y  AND L I G N I F I C A T I O N  ON THE 
UMEN H I C R O O R G A Y I F Y S  1961. E F F E C T  OF S T A R C H  O h  THE 
/ b N  A T T E Y P T  TO S r A N l 3 A R D I L E  THE T E C H N I Q U F  OF MFASURIWIT THE 

1963. A TWO S T A G E  T E C H N I P U F  FOR THE I N  V I T R O  
/ T I L I Z A T I O V  AND / O R  S Y N T H E S I S  OF V A I E K I C  A C I D  O U R I V G  THE 

l9'>9. TYE I N  V I T R O  
N S  BY R U Y E Y  Y I C R O O R G A N I S M S  I N  V I T R O  195R. THE RATES OF 

1947. RWPEN 
EN IVOCULU' l  DOYOR O I F T  AND S U B S T R A T E  I N  I Y  V I T R O  R U P I N A N T  
U E  OF FORAGES 1962. U S E  O F  AN I N  V I T R O  E N Z Y M E  

1966. THE A P P L I C A T I O N  OF THF I N  V I T R O  
RCE OF IYOCUL(JM ON O I G E S T I B I L I T Y  OF S U B S T R A T F  I N  I N  V I T R O  

195b. F I B E R  
T H E  R O L E  OF C A R R O H Y D R A T E S  I N  UREA U T I L I Z A T I O N ,  C E L L U I O 5 E  

NT 1961. 
I Q U E S  1964. V A R I A T I O N S  AMONG C A T T L E  AND S H E f P  I N  
S T I P A T I N G  Y U T R I T I V E  V A L U E  FROM I N  V I T R O  C F L L V L O S E  / 1962. 
R G A N I S M S  I N  T H E  9UMENS OF SHEEP F E D  L I M I T E D  D I E T S  / 1966. 
R G A N I S M S  I N  THE R U Y F N S  O F  SHEEP F F O  TO A P P E T I T E  I N /  1966. 
/ E  P E D I I J Y  FOR R l t M I V A L  B A C T E R I A  AND I T S  USF I Y  O E T E R Y I N I N G  
GESTION STUDIES 1966. I N T E R l C T I O N  BETWEEN I N O C U L V P  
1966. R U M I N A V T  C I G E S T I O N  I N  V I T R O  A S  A F F € C T E D  BY I N O C U L U M  
/ N S H I P  OF t V  V I T R O  C F L L U L O S E  D I G E S T I B K L I T Y  OF U N D R I E C  A N D  

1961. A C T I V I T I F S  OF 
1959. T H E  I N  V I T R O  O I G F S T I O N  OF ROUGHAGE 

1942. A R T I F I C I A L  SIJMFN I N V E S T I G A T I O N S  1.  V A R I A B I L I T Y  OF 
L I F I E D  T E C X N I Q U E  F O R  IN V I T R O  C O M P A R I S O N  OF C E L L U L O S E  AND 
I L I T Y  OF U N D R I E C  A N 0  O R I E D  M I X E D  F O R A G E S  IO T H E I R  I N  V I V O  
T OF W I N T E R  B U R N  OY THE C H E M I C A L  C O M P O S I T I O N  AND I N  V I T R O  

196D. SHE 
ON I N  THE A R T I F I C I A L  RUMEN A S  I N D I C E S  OF FORAGE P U /  1958. . C O M P A R I S O V  O F  Y J C R D D I G E S T I O N  T E C H N f Q U F S  UNDER R A N G €  AND 

DIGESTIBILITY OF F O ~ A C F  ns AFFECTED B Y  SEASON IN 
O I G E S T I B I L I T Y  OF FORAGE C E L L U L O S E  I N  R U M I Y A N T S  
P I C E S T l P l L I T Y  O F  FC ' IAGfS  BY T H E  I N  V I T R O  D I G E S T 1  
D I G E S T I B I L I T Y  OF G R A S S F S  AVO L F G U Y E S  
D I C E S T I B I L I T Y  OF h F R R A G E  S E L E C T E O  C Y  E S O P H A G E 4 L /  
D I G ~ S T I e I L I T Y  OF H F R B A G E  S P E C I E S  A N 0  V A R I E T I E S  A 
O I G E J T I P I L I T Y  O F  O R G A N I C  Y A T T E R  I N  FORAGES - AN 
O I G E S T I B I L I T Y  OF SCHE MAJOR C O N S T I T U E Y T S  OF THE 
D I G E S T I B I L I T Y  OF SOME MAJOR C O N S T I T U E V T S  OF THE 
D I C E S T I R J L I T Y  OF SIJESTRPTE I N  I N  V I T R O  O I G E S T I O N  
O l C E S T I P I C I T Y  OF T h E  L E A V E S  A N D  STFFIS OF P E R E h N l  
O I G E S T I R I L I T Y  OF U N C R I E D  AND D R I E D  M I X E D  FORAGES 
O I G F S T I B I L I T Y  OF WHOLE GRASSES A N 0  T H E I R  P A R T S  A 

O I G E S T l @ I L I T Y ,  F l T T Y  A C I C  P R O D U C T I O N  A V O  H I C R O R I  
D I G E S T I B L E  E N t 9 G Y  C O N T F Y T  O F  SOME E G Y P T I A N  F O R A /  
O I G E S T I R L F  E N t R G Y  I N  P O T E N T I A L  I N V l )  OF  FORAGES 
D I G E S T I B L E  ENERGY OF FORAGES / THE A D A P T A T I O N  OF 
D J C E S T J N S  B A C T F R J P  /OF T H F  O V I N E  RUFIEN I V .  E F F E  
D I G E S T I N G  B A C T F R I A  FROM THE RUMEN OF B L O A T I N G  CA 
D I G E S T I N G  R A C T E R T b  1N T H E  RUMEY OF SHEFP /. E F F E  
O I G E S T I C N  
C I G E S T I C "  
01 GEST I C N  

1966. E S T  D I G E S T  I O N  
D I G E S T I O N  / N D  P R O T F I N  M E A L S  AS N I T R O G E N  SOURCES 
D I C E S T I C N  /PROCECURE - I M P R O V E D  I N O C U L U M  P R E P d R A  
D I G E S T I C N  AhD V O L A T I L E  F A T T Y  A C I D  P R O D U C T I O N  / 0 
O I G F S T I O N  A h 0  V O L A T I L E  F A T T Y  A C l O  P R O D U C T I O N  I N  
O I G E S T I C N  BY RUMEN M I C R O O R G A N I S M S  

OIGESTIRILITY T r s T  IN P L ~ N T  BREEDING 

D I G F S T I C N  BY 
DICCSTION BY 
D I G E S T I O N  R Y  
D I G E S T I O N  BY 
CIGESTICM BY 
D I G E S T I O N  BY 
D I G E S T I O N  BY 
D I G E S T I O N  BY 
D I C E S T I O N  BY 
D I G E S T I O N  I N  
O I G E S T I C N  I N  
D I G E S T I O N  I N  
D I G E S T I O N  I N  
D I G E S T I O N  I N  
D I G E S T I O N  I N  
D I G E S T I O N  I N  
D I G E S T I O N  I N  
D I G E S T I O N  I N  
D I G E S T I O N  I N  
D I G E S T I O N  I N  
D I G E S T I O l r ,  I N  
D I G E S T I O N  I N  
D I G E S T I O N  OF 
D I G E S T I O N  OF 
O I G E S T I C N  OF 
O I G E S T I O N  OF 
O I G E S T I O N  OF 
D I G E S T I C N  O F  
D I G E S T I O N  OF 
D I G E S T I O N  OF 
D I G E S T I O N  OF 
D I G E S T I C N  OF 
D I G F S T I C N  OF 

R U u E h  M I C R O O R G A N I S Y S  
Rl lMEN M I C R O O K G A N I S M S  1950, PR 
RUMEN M I C R O O R G A N I S M S  1956. T H F  
RIJMEN M I C R O O R G A N I S M S  1964. THE E 
RUYEh P I C R O O R G A N I S M S  / E F F E C T  OF PHO 
R U P F N  M I C R O O R G A N I S M S  AND I T S  S T I M U L  
RUMEN M I C R O O R G A N I S M S  S U P P O R T E D  BY I 
RUM€& O R G A N I S M S  I N  V I T R O  1 9 6 1 , C E  
WdSHEP S U S P E N S I O N S  OF RUMEN Y I C R O O R  
GOOC AN0 POOR Q U A L I T Y  ROUGHAGES US1 
R U M I N A N T S  - l D E N T l F I C A T I O N  OF GROUP 
R U M I N B N T S  - 1N V I T R O  RUMEN FERMENTA 
T H E  R F T I C U L D  RUMEN 1. T D T A L  REMOVA 
THF R E T I C U L O  RUMFN O F  C A T T L E  / AND 
THE R E T I C U L O - R U M E N ,  111. F L U C T U d T  
T H E  RUMEN ( AND C A E C U P  1 WITH S P F C I  
THE R U M I N A N T  
V I T R O  1958. 
V I T R O  I N C  I N  V I V O  
V I T R O  AS A M E A S U R E  O F  THE D I G F S T I B I  

V I T R C  OF FORAGE CROPS 
4 RCUGHAGE AS I Y F L U E Y C E D  R Y  E T H Y L  A 
C E L L  d A L L S  1906. E S T I V A  
C E L L U L O S E  d S  A C R I T E R I O N  OF F N E R G Y /  
C E L L U L O S F  BY RUMEN M I C R O O R G A N I S M S  / 
C F L L U L O S E  I N  FORAGE P L A N T S  E Y  R U M € /  
C E L L U L O S E  I N  V I T R O  A N 0  I N  V I V O  BY R 
FOCCERS I N  V I T R O  ( A R T I F I C I A L  R U M F N /  
FORAGE CROPS 
GLUCCSE. S T A R C H  A N 0  C E L L U L O S F  BY R /  
ROUCt-AGE DRY M A T T E R  
THE C E L L U L O S E  OF SOME P L A N T  F R A C T I D  

VITRO A S  AFFECTED ey INOCULUC DONOR 

O I G E S T I C N  S T U D I E S  
OIG€STION S T U D l E S  1966. I Y T E R A C T I O N  BETWE 
D I G E S T I O N  T E C H M I C U E  TO P R E D I C T  T H F  N U T R I T I V E  V A L  
D I G F S T I C N  T E C H N I Q U C  TO SOME A R I D - Z O N E  F O D D E R S  
D I G E S T I C N  T R I A L S  1965. E F F E C T  OF SOU 
O I G E S T I C N  U S I N G  T H E  M I Y A T U R E  A R T I F I C I A L  RIJMEN 
D l G E S T I O N v  ANC F A T T Y  A C I D  F O R M A T I O N  1956. 
O I G E S T I V E  P H Y S I O L C G Y  ANC N U T R I T I O N  OF T H E  R U M I N A  
D I G E S T I V E  POWER PEASUREC BY M I C R O D I G E S T I O N  T E C H N  
D I S C R F P A N C I E S  RFTWFEFi G R A S S E S  AN0 A L F A L F A  WHEN E 
D l U R N I L  CHANGES I N  THE C O N C E N T R A T I O N S  OF FICRO-0 
O I U S N - I L  CHANGE5 IN THE C O N C E N T R A T I O N S  OF WICRO-0 
D I U R N A L  V P R I A T I O N  I N  NUMBERS O F  B A C T E R I A  I N  T H F /  
DCNOR D I F T  A N 0  S U e S T R A T E  I N  I N  V I T R O  R U M I N A N T  01 
OCFIOR, C O L L E C T I O N  OAY, PND F E R R F N T A T I O N  T I M E  
D R I E D  M I X E D  F O R A C E S  TO T H F I R  I N  V I V O  DRY P A T T E R /  
D R I E D  S U P E N  M I C R O C R G A N I S M S  I N  V I T R O  
DRY F A T T F R  
D R Y  P A T T F R  AN0 C E L L U L O S E  D l G E S T l B Z L l T Y  A N D  PRODU 
DRY P A T T E R  D I G E S T I R E C I T I E S  OF FORAGES 1964. S I W P  
DRY Y A T T E R  D I G E S T I A I L I T Y  / T H O  C E L L U L O S E  D I G E S T I B  
DRY F A T T F R  D I G E S T I R I L I T Y  OF E I G H T  G R A S S E S  l E F F t C  
DRY Y A T T t R  D I G E S T I O N  IN V I T R O  OF FORAGE CROPS 
D R Y  P A T T E R  LOSS Al lC V O L A T I L E  F A T T Y  A C I D  PRODUCT1 
D R Y L O T  C O N D l T I O N S  I966 

I EO 
I71 
207 
I97 

e5 
59 

2 
?7 
7 R  
2 5  

I92 
I21 
I66 
I24 
209  
I54 

63  
47 
B I  
86 

I29 
I us 
139 

72 
42 
21 

I19  

225 
I13  
I 7 9  

38 
I33  
1 4 1  

88 
I 4 0  
142 
I65  
43  
39 
34 

I 1 8  
173 
173 
49 

8 
I 4 4  

I36 
I 7 1  
I98  
4R 
96 

2 07 
I54 
92 

I27 
68 
I95 
I94 

52 
212 
I H I 1  

I 78 

I nlr 

a7 
I32 

6 5  
223 

25  
I E6 
22 

I 37 
2 02 
I 2 3  
219 
2 211 
37 

1 32 
I 9 8  
121 

93 
2 12 

7 9  
16b 
121 
I49  

48 
7 

2 C h  
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1960. SYMPOSI1JM - S E L E C T E D  T O P I C S  I N  M I C R O B I A L  ECCLOGY I .  M I C R O B I A L  ECOLOGY O F  THE RUMEN 
S l U M  - S E L E C T E D  T O P I C S  I N  M I C R O R I A L  E C O L O G Y  1. V I C Q O B I A L  ECOLOGY OF T H E  RUCEN 1960. SYYPO 
U L A T I O N  A N 0  F E R M E N T A T I O N  I N  A C O N T I N U O U S L Y  C U L T U R E D  RUMEN E C O S Y S T E C  1 9 6 6 .  E F F E C T  O F  P H  ON POP 
I t i N I Q U E  T O  E S T I M A T E  THE O I G E S T I B L E  E N E R G Y  CONTENT OF SOME E G Y P T I A N  FORAGES, 1. T H E  IN V I T R O  D I G E S T I O N  O F /  
ONS I N  TDRAGES 4 Y O  ON T H E  I N  V I T R O  F E R M E N T A T I O N  PROCEOUKE E P P L O Y E D  / N A T I O N  O F  T H E  D I F F E R E N T  ? R O T E I N  F R A C T I  
R I O L O G Y  3 F  B O V I Y E  RUMEN C O N T E N T S  195P. T E C H N I Q U E S  E P P L O Y E O  I N  C U L T U R A L  I N V E S T I G A T I O N S  O F  T H E  B A C T F  
D I N G  V A L U E  1962. R E L A T I O Y  O F  C F R T A I N  E N D  PRODUCTS O F  RUMEN F E R M E N T A T I O N  TO FORAGE F E E  

R U P E N  S T U D I E S  I N  SHCCP. 1. V A R I A T I O N  I N  RUMEN M l C ' 4 O B I A L  EhD-ORODUCTS I N  F R E E - G R A Z I N G  S H E E P  1956. 
I .  I H E  I N  V I T R O  D I G E S T I O N  OF C E L L U L O S E  AS A C R I T E K I C N  O F  E h E R G Y  C C N T E N T  / h T C N T  O F  SOME E G Y P T I A N  FORAGES, 

/ V I T d O  F E R Y E N T A T I O N  T E C H N I Q U E  TO E S T I M A T F  THE D I G E S T I B L E  E h E R G Y  C C N T E N T  OF SOME E G Y P T I A N  FORAGES, I .  T H /  
P L E  I N  V I T R 3  T E C H Y I O /  1 9 6 6 .  THE P R E D I C T I O Y  O F  O I G E S T I B L F  E k E R G Y  I N  P O T E N T I A L  I N V I )  O F  FORAGES U S I N G  A S I P  
I A L  RUMEV T E C H Y I Q U E  T O  THE E S T I M A T I O N  OF GROSS D I G E S T I B L E  E h E R G Y  OF F O R A G E S  I T H E  A D A P T A T I O N  O F  A N  A R T I F I C  
/ 1951. T H E  I N F L U E Y C E  O F  D I F F E R E N T  A V O U N T Y  A N 0  SOURCES O F  EhERGY U P O N  I N  V I T R O  U R E A  U T I L I Z A T I O N  B Y  RUMEN M 

I V E  V A L U E  OF FORAGES 1962. U S E  OF A N  I N  V I T R O  E N Z Y P F  D I G E S T I O N  T E C H N I Q U E  TO P R E D I C T  T H E  N U T R I T  
5'1. H Y C R 3 L Y T I C  PRODUCTS OF C E L L U L O S E  A N D  THE C E L L U L O L Y T I L  E h Z Y H E S  19 

1 9 6 2 .  E N U M E R A T I O N  O F  QUCEN M I C R O - O R G A N I S M S  

1965. E F F E C T  O F  D I E T  ON THE A C T I V I T Y  O F  SEVE1IAL E L Z Y P F S  I N  E X T R A C T S  O F  RUMEN M I C R O O R G 4 N I S P S  
1957. T H E  E N Z Y V I C  O E C C M P O S I T I O N  O F  C E L L U L O S E  

S I T I O N I  4 N 0  I N  V I T R O  D I G E S T I B I L I T Y  OF H F R B A G F  S E L E C T E D  B Y  E S P P t i A G F b C - F I S T U L P T E C  SHEEP I O N ,  B O T A N I C A L  COCIPC 
U S E  O F  T O T A L  G A S  P R O D U C T I O N  FROM THE A R T I F I C I A L  RUPEPI T O  E S T I V A T E  A L F A L F A  b 4 Y  Q U A L I T Y  I B S E R V A T I O Y S  ON T H E  

1 9 6 6 .  A C O M P A R I S O N  OF O I F F E R E Y T  METYODS h H I C H  E S T I C I T E  N U T R I T I V E  V A L U E  OF FORAGES 
I 1963. T H E  U S E  O F  T H E  I N  V I T R O  F E R M E N T A T I O N  T E C H N I Q U E  T O  E S T I C A T E  THE O I G E S T I B L E  ENERGY C O Y T E N T  O F  SOME E 

I F I E O  P R T I F I C I A L  RUMEN PQOCEOURE F O R  O R T A I N I Y G  R E P E A T A B L E  E S T I P A T E S  OF F O R A G E  N U T R I T I V E  V b L U E  / 1 1 .  S I M P L  

IN V I T R 3  F E R M E l i T A T I O N  A Y D  C H E M I C A L  S O L U B I L I T Y  MFTHOCS I N  E S T I V A T I N G  F O R A G E  Y U T R I T I V E  V d L U E  / C O M P A R I S O N  OF 
S E  I 1 9 6 2 .  O I S C R F P A N C I C S  B E T W E E N  G R A S S E S  A N 0  A L F P L F A  WHEN E S T I H 4 T I N G  N U T R I T I V E  V A L U E  FSOM I N  V I T R O  C E L L U L O  

R O  C E L L U L O S E  D I G F S T I O Y  1966. E S T I N P T I G N  OF FORPGE N U T R I T I V E  V A L U E  FROM I N  V I 1  
I .  T H E  A D b P T A T I O Y  O F  4N 4 R T I F I C I A L  RUMEN T E C H N I Q U E  T C  T H E  E S T I C I A T I C h  C F  GRCSS C I G E S T I R L E  ENERGY O F  F O R A G F /  
RY T H E  1'4 V I T R O  O I G F S T I O Y  OF C E L L  W A L L c  1966. E S T I P A T I C N  OF T H E  TRUE C I G E S T I B I L I T Y  O F  F O R A G E S  
P L I C A T I O V  OF T H F  S I L I C 4  G E L  P A R T I T I O N  CHRGMATOGRAM T O  T H F  E Z T I H A T I C N  OF V O L A T I L E  F A T T Y  A C I O S  1 9 4 6 .  T H E  A P  
AND MAGUITUDE O F  DIGESTION OF A ROUGHAGE a s  INFLUENCEC B Y  E T H Y L  ALCOHCL 1959. T H C  R A T E  

RO-ORGAYISMS I N  T H E  RUMEN O F  A S H E E P  F E D  A L l V l T E D  R A T I O N  EVERY ThRFE HOURS / I N  T H E  C O N C E N T R A T I O N S  O F  P I C  
GROWTH OF B/  1961. IN V I T R O  STUDY OF T H F  I N F L U E N C E  O F  T H E  E X T R A C T I O N  C F  A G U A T I C  E X T R A C T S  O F  F O R A G E  ON T H F  
/ I T R O  S I J D Y  O F  THE I Y F L U t N C E  OF THE E X T R A C T I O N  O F  4 Q U A T I C  E X T R A C T S  OF F O Q A C E  ON T t i C  GROWTH O F  B A C T E R I A  O F /  
I O N  RY RUMEU M I C R O O R G A N I S M S  19614. THF F F F E C T S  O F  h A T E R  E X T R A C T S  OF F O R b C C C  CY I N  V I T R O  C E L L U L O S E  D I G E S T  
965. E F b t C T  O F  D I E T  ON T H E  A C T I V I T Y  OF S E V E R b L  E N Z Y M E S  I N  E X T R A C T S  OF RUPFh V I C R O O R G A N I S C S  

1959. U S E  O F  T H E  A R T I F I C I A L  RUPEN T E C H N I Q U E  TO E S T I V A T E  T H E  Y U T R l T I V E  V A L U E  O F  F O R A G E S  

1965. U S E  O F  I Y  V I T Q O  RUMEN F E Q M E N T A T I O Y  T E C H Y I P U F S  F O R  E S T I V A T I N G  F O R A G E  C l C E S T l R l L I T Y  AVO I N T A K E  

1964. T Y E  A R T I F I C I A L - R U M E Y  T E C H N I O U E  O F  E S T I P A T I N G  T H E  N U T R I T I V E  V A L U E  O F  F O R P G E S  

1 9 6 0 .  4 C O M P A R I S O N  OF THE RUMFN F E R M E N T A T I C N  I N  EUROPEAN AND L C P U  C A T T L E  

F 

I T A R Y  T R A C T  O F  THE M E R I N O  S H E E P  I N  SOUTH A F R I C A  X V I .  THE F A T E  OF h I T R A T E  I N  R U C I N 4 L  I N G E S T 4  AS S T U D I E S  I /  
G A S T R O I U T E S T I Y b L  T R A C T  O F  F U L L - F E D  B E E F  / 1961. V O L A T I L E  F 4 T T Y  A C I O  C O N C F N T R A T I O N S  AYD P R O P O R T I O N S  I Y  T H E  

R B O H Y D R 4 T E S  I Y  U9Eh U T I L I Z A T I C N I  C E L L U L O S t  D I G E S T l O Y q  A N 0  F A T T Y  A C I D  F O R C A T I C Y  1 9 5 6 .  T I I C  R O L E  OF CA 
OF P O V I N E  RUPEN 1959. V O L A T I L E  F A T T Y  A C I O  GROWTP FACTOR FOR C F L L U L O L Y T I C  C O C C I  
IN V I T R O  GAS P R O O U C T I O Y t  C E L L U L O S E  D I G E S T I O N  I N 0  V O L A T I L E  F A T T Y  A C I O  P R O O U C T I O N  / O F  P E L L E T I N G  4 L F A L F A  ON 
D A I Q Y  H I  1 9 6 1 .  F F F E C T  OF L E V U L I N I C  A C I D  OU D I G E S T I B I L I T Y ,  F A T T Y  P C I O  P R O C U C T I O N  AND M I C R 0 9 I A L  A C T I V I T Y  I N  

I N C I C E S  O F  F O R h G E  Q U I  1958. DRY M A T T E R  L P S S  A N 0  V O L A T I L E  F A T T Y  A C I O  P R O C U C T I O N  I N  T H E  A R T I F I C I A L  RUMFN 4 s  

CT OF P H Y S I C A L  FOQM O F  R h T I O N  U P O N  D I G E S T I O N  A N 0  V O L A T I L E  F A T T Y  Q C I C  P R O C U C T I O N  IN V I V O  4 N D  I N  V I T R O  / E F F E  
T H E  C E L L U L O L Y T I C  F A C T O R  4 C T I V I T Y  OF C E R T A I Y  SHORT C H A I N E D  F b T T Y  A C I O S  1954. 

G E L  P A R T I T I O Y  CHROMATOGR4M T O  T H E  E S I I U A T I O Y  O F  V O L A T I L E  F A T T Y  A C I D S  1 9 4 6 .  T P E  A P P L I C P T I O N  O F  T H E  S I L I C A  
E R  AND C E L L U L D S F  O I G E S T I P I L I T Y  AN0 P R O O U C T I O N  OF V O L A T I L E  F A T T Y  A C I D S  / G B T I C N S  I .  V A R I A R I L I T Y  O F  DRY P 4 T T  

D I E T  U P 3 Y  T H E  P R O D U C T I O N  4 Y O  R E C Y C L I N G  Or RIJMEN V O L A T I L E  F A T T V  A C I D S  / V I T R C  T E C H N I Q U F S  430 T H E  E F F E C T S  OF 
C I N T E R M E D I A T F S  BY B O V I Y E l  1 9 6 5 .  F O R M A T I O Y  OF SHORT C H A I Y  F A T T Y  P C I D S  F R O ?  C F L L U L O S E ,  STbQCH, 4Nfl M F T A B O L I  
I F I C I A L  XUMEU 1957. S T U D I E S  ON THE P R O D U C T I O N  OF V O L A T I L F  F A T T Y  A C I D S  F R O P  C R A S S  EY RUMEN L I Q U O R  I N  A N  4 R T  

I M P R O V E D  I N O C U L l I M  P R E P A R A T I O N  A N 0  THE E F F F C T S  O F  V O L A T I L E  F A T T Y  A C I O S  O Y  C E L L U L O S E  O I G E S T I O N  l P R O C E O U R E  - 
C O Y C F N T R 4 T 1 3 Y S  OF M I C R O - O R G A N I S M S  I N  THF R U M C Y  O F  A SHEEP F F D  A L I P I T E D  R A T I C Y  EVERY THREE HOURS / I N  THE 

1962. D I E T A R Y  F A C T O d S  4 k t t C T I N G  V O L A T I L E  F A T T Y  A C I D  P R O C U C T I O N  IN T H E  RUMFN 

1 9 6 5 .  T H F  R A T E S  OF P R O D U C T I O N  OF V O L A T I L E  F A T T Y  A C l C S  I N  T P E  RUMEN 

1 9 6 2 .  P~EDICTION O F  T H F  NUTRITIVE V A L U E  r r J D E x  OF F C R A G E S  F F O  CHOPPED O R  G R O U Y C  USING A N  I Y  VITRO R u M r t j  FE 
S O C E  P R E O O q I V A V T  GKOUPS O F  B b C T E R l A  I N  T P E  RUHEY OF COWS F F D  P I F F E R t N T  R A T I C N S  1953. NUMBERS A N 0  

C T  OF L I V E S T O C K  11 .  B A C T E Q I A L  F L O R A  I N  T H E  RUMEN OF COWS F E D  D I F F E R E N T  R A T I C Y S  / O R 4  I N  T H E  4 L I P E N T A R Y  TRA 
C O N C E W T 3 A T I O N S  O F  M I C R O - O R G A Y I S M S  I Y  T H t  'IUUENS OF S t E E P  F F O  L I P I T F O  D I F T S  CYCE C P I L Y  / V A L  C H h N G E S  I N  T H E  
C O N C E Y T R 4 T I O Y S  OF M I C R O - O R G P Y I S M S  I N  THE R J M E N S  O F  S H E E P  F F O  T C  A P P E T I T F  I h  P E N S  O R  AT P A S T U R E  I E S  I N  THF 

FOR M E A S U R I V G  PHOSPHORUS 4 V 4 I L P B I L I T Y  OF F E E C  S U P P L E C E N T S  F E D  T O  R U V I N A Y T S  1 9 5 6 .  A L A B O R A T O R Y  T E C P N I O U E  
R A T O R Y  T E C H U I P U r  FOR M E A S U R I N G  PHOSPHORUS A V 4 1 L A B I L I T Y  O F  F F E O  S U P P L E P E h T S  F F C  TO R U P I N A N T S  1 9 5 6 .  A LPRO 

Y I C R O O R G 4 Y I S M S  1956. THE E F F E C T  O F  C H L O R T F T R A C Y T L I N E  F F E D I U G  CY T N  V I T R C  C E L L U L O S E  D I G E S T I O Y  B Y  R U P F N  
Y O F  C E R T 4 I U  € V I !  P X O D U C T S  OF RUMFV F E R M F Y T A T I O N  T O  FCRAGC F E E O I Y G  V A L U E  1962. R E L A T I O  

I T R O  D I G E S T I O N  C F  C E L L U I  1957. E F F F C T S  CF C O M R I V A T l C h S  O F  FEEOSTtJFFS,  W I T H  4 N C  W I T H O U T  A U 9 E O V Y C I N I  ON I N  V 
1960. C Y Y S T A L L I N I T Y  OF C E L L U L O S E  A N P  P I G F S T I B I L I T Y  O F  F E E O S T U F F  C E L L U L O S F  I N  T H F  B O V I N E  R U l l F N  

1961. COUTIYUOUS C I I L T U R E  AS A METHOD F O R  S T U D Y I Y G  R U N E \  F F R K N T A T I O N  
196'3. E F F F C T  O F  S E V E R A L  V b R l A R L E S  O V  I N  V I T R O  RUYFFI rFR!'ENTATlOh 

I S O Y  O F  : H E Y I C A L  A N A L Y S E S ,  S O L U B I L I T Y  T € S I S t  4NO I N  V I T R O  F F R P E N T A T I O N  / R A C E S  I Y  T H E  L A B O R A T O R Y ,  V. COMPAR 
F S T l C A T l V G  F O Q 4 r F  N U T R I T I /  196B. 4 C O M P A R I S O Y  O F  IN V I T K O  F E R V E N T A T I O N  ANO C H F M I C A L  S O L U B I L I T Y  VETHODS I N  - A C A P T 4 T I O U  OF AV I N  V I T R O  S Y S T E M  TO THE Sr? lOY OF S T A R C H  F E R P E Y T A T I O N  RY RUMFN R A C T E R I A  1 9 6 2  
T H E  Y U T R I T I V E  V A L U E  I Y D t X  OF 4 FORAGE FQDM 1 Y  V I T R O  RUMFN F E R N E Y T A T I O N  O b T A  1960. P R E D I C T I O N  OF 
OSYSTEM 1960. E F F E C T  OF P H  ON P O P U L A T I O h  AND F E R P E N T A T I O N  I N  A C O N T I N U O U S L Y  C U L T U R E 0  RIJVFN EC 

1959. M I C O R R I A L  F E R P E Y T A T I O N  I N  C E R T A I N  C A P M A L S  
1960. A C O M P A R I Z O N  O F  T H E  RUMEY F E R P E h T A T r O N  I Y  EUROPEAN ANC Z E B U  C A T T L E  

4 -  T H E  P P P L I C A T I O U  O F  C A L O R I M E T R Y  TO T H F  S T U O Y  O F  R U P I N A L  F E R M E h T A T I O N  I N  V I T R O  1 9 6  
OF FORAGES F E D  C H O P P F O  OR GROUND U S I N G  A'l I N  V I T R O  RUMEN F F R P E N T A T I O N  METPCC / F  T F E  N U T R I T I V E  VALIJE I N D E X  

F S H E E P  1 9 4 5 - 1 9 4 6 .  T H E  F F R P F Y T A T I O N  OF CARROHYCRATES IN T H E  RUMEV OF T H  
FROP T H E  I l U Y E N  ?F S H E E P  19hs- T H E  F F R P E N T A T I O h  OF C E L L U L O S E  I N  V I T R O  BY O R G A Y I S Y S  
6 A S  I N F L U E Y C E D  B Y  / 1 9 6 5 .  I N D I C E S  OF E F F I C I E U C Y  O F  QbMEN F F R P E M T A T I O N  OF S b E E P  G R b Z I N G  D F S E S T  R A N G F  FOQAG 

1946. F F R P E Y T A T I O h  OF WCPC-CUST B Y  C E L L U L O S E  B A C T E R I A  
I F F E R E N T  P R J T E I U  F R A C T I O Y S  I N  FORAGES AND DY THE I N  V I T R O  F F R P E Y T A T I O h  DROCECURE E M P L O Y E 0  l Y A T I O N  O F  THF 0 

1 1 6 4 .  C O M P A R I S O N  OF I Y  V I T R O  RUMEK F E R V E N T A T I O N  CETHCCS 

1966. C O L L A R O Q A T I V k  I N  V I T R O  RUMEN F F R P F N T L T I C N  STUCIFS O h  FORAGF S U B S T R A T E S  

I CB 
I 08 
I 8 4  
I 5 4  
I 6 0  
61 

I 7 6  
224 
I 5 4  
I 5 4  

6 3  
47 
5 

2 1 6  
65 

I 3 1  
I O  
90 
85 

101 
I 5 0  
I 5 4  

99 
2c 
12 

I 2 2  
I 2 3  

6 
42 
47 

2 c7 
71 
96 

I I O  
2 2 1  

75 
75 

141 
10 

2 1 3  
22 

3 
I 7 R  
2 09 

7 
I 7 2  
2 2 5  

24 
71 
29 
3 2  
98 
16 
8 3  

I I 9  
2 2 1  

6 4  
35 

I 5 8  
2 1 9  
220 

4 
4 

I 3 3  
I 7 6  
I 9 6  
92 

I 9 1  
C6 

I 5 9  
I 2 2  
1 5 1  

0 2  
I64 
I l l  
I 10 
211 
64 
15 
713 

I 4 3  
1 5 2  
2 0 R  
I 6 0  

13 



53 

E ENERGY C O V T E Y T  OF SOMF E /  1963. THE U S E  O F  THE I N  V I T R O  
1 9 6 5 .  THE D r V ' L O P M f Y T  AND A P P L I C A T I O N  OF I Y  V I T R O  9IJMFN 

S I U '  OU M I C R O B I f i L  D I G F S T I O Y  I N  R U M I N A N T S  - IY V I 1 9 0  RUMEN 
G E S T I B I L I T Y  A N 0  I k !TAYE 1945. I J 5 r  OF  I U  V I T R O  QIIMEN 

V I T R O  AS A F F E C T F D  R Y  I Y O C U L U M  OOWDP, C O L L F C T I O Y  D A Y ,  AND 
1762. R F L A T I O Y  OF C E R T A I N  E N 0  P OOI ICTS OF RIJYEY 

I N A T l O N  3 F  FORAGE ' 1 0 L O C F L L l I L O S E  D I G F S T I ~ l l  I T Y  B Y  I N  V I T K O  
O Y C  M I C Q O S C O P I C  C O M P A R I S O N  OF I Y  VIV 'O  &NP I Y  V I T R O  RLMEV 

T I C K  OF SEVERAL C F L L U L Q L Y T I C  R A r T r R I A  F K O v  1'4 V I T R O  RUMEN 
A N D  C O N T I Y U S U S  FLOW T Y P E S  OF 4 P P A R A T U S  FO-1 1'4 V I T R O  RUVEF! 

1 9 6 1 .  I S O L 4 T I O N  h Y 0  C H h R A C T F R I 7 A T I O N  OF 4 H r Y I C E l l L L O S F  
1. R A C T E 9 I A  O F  THF O V I N F  R l J M t N  1 1 .  THF F U N C T I O Y A L  GRCIJPS 

1 9 5 4 .  
C I G F S T I O N  BY RI IMFU M I C R O O R G A N I S M S  AND I T S  S T I Y U L A T I O 4  R Y  

S 1742.  S T U D I E S  QN QUMFY P Y Y S I O C O G <  I .  G R O e T H  OF 
B O L I S Y  R F V F 4 L F O  B Y  P U R F  C U L T U A E  5 T U O I E S  Or T H F  I N O I  
/ L O R A  I N  THE A L I Y F N T A R Y  TRACT OF L I V E S T O C K  1 1 .  B A C  
TORS A F F E C T I N G  I T S  C O Y P O S I T I O N  1 9 6 5 .  O R S F R V I T I O Y S  Oh THE 

ON T H F  C I L I A T E  P O P U L A T I O N  O F  THF R I J M t H  I Y /  1759, R U V I N A L  
V I T R O  S T J O I E S  O F  RUMFY ~ l C R O O R G A N I S M S r  U S I N G  A C O Y T l h l l O U S  

GRCr lTH 3 F  i(U'iFb ~ I C R O O R 6 A N I S P S  I N  A N  IY V I T R O  CONTTNUOIJS 
/ OF THE A L L  G L f S S v  S F M I P F R M F A R L F  WFMBR4Nc A V O  C O Y T l h U O U S  
l A T I V E  S T U D I F 5  flF D I G E S T I O N  I Y  THE d F T I C U I O - X U Y E N ,  111.  

E O F  VAK[OIJ: FACTORS UPON SURFACE T E N S I C Y  AYD P H  O F  RIJMFN 
O I D E S - S U C C I Y O G F Y E S  I N  T H E  V O L A T I L E  ACIO F R A C T I O U  O F  RUMEN 
IN V I V O  A N 0  I N  V I T R O  MCASUREYFNTS OF T H c  D I G F S T I R I L I T Y  OF 
10'4 OF T H E  IU V I T Q O  D I G F Z T I O Y  T F C H N I Y U E  T C  S O Y c  A R I D - 7 O N F  
0 S T A N O A Y O I Z E  TWF T E C ' i N t n U F  OF Y F 4 S U R I Y S  THE O I G E S T I C N  O F  

P A /  1 9 6 3 .  T H F  L I M I T A T I O b ! S  Or T"1E T E C H N I 3 I I F  O F  S U S P F h r I N G  
1966. C H F Y Y C A L  C O Y P O S I T I O Y  AND I N  V I T R O  O l G F S T l R l L l T Y  OF 

/ F N C Y  OF R U Y t N  F E R M F h T A T I O N  OF S H E E P  G R A 7 I U L  D E S E R T  RANGF 
1965. A P U R E  CtJLT 'JqE  I N O C U L U M  METHOD F C H  E V 4 L U A T I f "  O F  

E D I G E S T I O N  I N  V I T R O  A S  A MbASURE OF T H E  C I G F S T I B I L I T Y  O F  
I F  C E R T A I Y  P H Y S I C P L  D R O P F R T I E S  OF P I J R I F I E O  C F L L U L O S r Z  A N 0  
1 9 6 3 .  A TWO S T A G F  T F C r l N I O U E  FO4 T H E  I N  V I T R O  r I G E S T I C N  OF 

1960. T H E  DRY P A T T F R  D I G F S T I O Y  I Y  V I T R O  U F  
OF I N  V I T R 3  RUMFV F E R M F N T A T I O N  T F C H N I O U E S  F O R  E S T I V A T I N G  

1967. A C O M D A R I S O N  OF 
R E L b T I O N  OF C E R T A I Y  FNO PQODUCTS OF RUMFN F E R Y E Y T A T I C N  T O  

1960- P R C O I C T I O N  O F  T H E  N I J T R I T I V E  V A L U E  I N O E X  OF A 
E R M E N T A T I O N S  1 1 6 5 .  L E T E R M I N A T I C N  OF 
G F S T f O N  T E C H V I Q l i E 5  1 9 6 4 .  A MFTHOO FOR P C A S U R F P F h T  OF 
I A L  RUMEU PROCFOURL F O R  O B T A I N I N G  R f P E A T A r L E  E S T I M A T E S  OF 
E R P E N T A T I O V  AND C H E M I C A L  SOLURILI TY METdOOS I N  E S T I P A T I N G  
I GE ST I O N  1 9 6 6 .  E S T I M A T I C N  OF 
/ F  T H E  I U F L U E Y C E  OF T H E  t X T R A C T I O N  OF A Q U 4 T l C  E X T R A L T S  O F  
T U R l T Y  AVO L I G N I F I C A T I O N  O N  TtqF D I G E S T I O N  OF C F L L U L O S E  I N  
T T Y  A C I D  P R O D U C T I O N  I N  THE A R T I F I C I A L  RIJY'N A S  I N D I C E S  O F  
966. C O L L A R ? R A T l V E  I N  V I T R O  RUMTV F E R V E U T A T I O Y  S T U O I F S  0'4 

C A T T L E  & N O  5 H E E P  1764. Y I C R O D I G E S T I O ~  OF GRAZE[) 4 N N U A L  
1 9 6 2 .  M I C R O  Y t T H O O S  FOR N L J T R I T I V E  E V b L U A T I O N  O F  R h N G E  

1 9 6 2 .  INTER-LABO'IATOKY I Y  V I T R O  STUDY OF S T A h C A R O  
C I A L - R U M E N  T F C H U I O U E  O F  E S T I M P T I N G  THF U U T R I T I V F  V A L U F  OF 
ON OF C I F F E R E V T  METHODS W H I C H  E S T I H A T F  N U T R I T I V E  V A L L E  O F  
F I L I A L  RUMEU T E C H Y 1 9 W  T O  E S T I M A T C  THE Y U T R I T I I I E  V A L U E  O F  
F C H E Y I C A L  METHODS F O K  D F T E R M I N I N G  THF N U T R I T I V E  V A I I J F  OF 
Y N F  D I G E S T I S N  T 'CHNIQUE T O  P R E D I C T  T l i F  N l i T R I T I V F  V A l U E  O F  
I R M I N A T I D N  O F  I Y  V I T R O  D I G E S T I B I L I T Y  O F  O R G A N I C  Y A T T F R  I N  
T E C H N I Q U E  TO T H T  F S T I Y A T I O N  O F  GROSS D l C F S T I R 1  F F N F R C Y  OF 
V I V O  M F 4 S U R F S  OF D I G F S T I R I L I T Y  AVO C H r M I C A L  C f l M P O Y t  U T S  OF 
/ THE O t T E K M I Y A T I 7 V  OF T W  O I F F C R r N T  P R O T F I U  F R A C T I O N S  I N  

1 9 6 0 .  E S T I M A T I O Y  OF T H E  T R U E  G l G E S T I R I L I T Y  OF 
RUMEY F/  1 9 6 2 .  P R r D l C T I O h  OF THE N U T R I T I V F  VAL IJE  I N C t X  OF 
C I A L  RUMEU PROCFOURE FOR O B T A I Y I Y G  R /  1967. F V A L U A T I C N  OF 
T R I A L  V A R I A B I L I T Y  O F  T H E  W I S C O N 5 l N  A /  1 9 6 4 .  E V A L U A T I C N  OF 
I C A L  ANALYSFS,  F O L L J S I L I T Y  TESTSa AND/  t % 5 .  F V A l  U A T l C N  O F  

M I C R O O R G A N I S Y S  1944. THE E F F F C T S  OF WATER E X T R A C T S  O F  
/ V I T R O  C E L L I J L O S T  D I G E S T I B I L I T Y  OF U N O R I E D  AND D R I F O  C I X E D  
T H E  P R E D I C T I O Y  OF O I G E S T I B L E  ENFRGY I N  P O T E N T l A L  I N V I I  O F  
COWPARISON 3 F  C t  L I  U L O S E  AVO DRY M A T T F R  D I G E S T I R I L I T I F S  OF 
I E S T I M A T E  T H F  D I G E S T I B L E  FNFRGY C O N T E N T  P F  SOMF f C Y P r i A N  

A C I D  P R 9 O U C T I O Y  I N  V I V O  AND I N /  1 9 6 3 .  E F F E C T  OF P H f S I C A L  
I C R O O R G l  1 9 6 1 .  F F F E C T  O F  PHOSPYORUS I N  D I F F E R E N T  C H F P I C A L  
I A L  C E N T ? I F U G A T I O Y  1960. S T U D I E S  WITH THF C t L L U L Q L Y T I C  
E GROWTH OF R A C T F 9 0 I ~ E S - S l J C C 1 N O G E N E S  I N  THE V O L P T I L C  A C I D  
5R. THE R A T € S  O F  D I G E S T I O N  O F  T H t  C E L L U t D ' i '  OF  SOMF P L A N T  
/ V A R I A B L E S  ON THF O G T C R M L N A T I O N  OF T H E  D f F F F K E N T  P R O T E I N  
N SHEEP. I .  V A R I A T I O N  I N  RUHEY M I C R O B I A L  €YO-PRODUCTS I N  
N T  1 9 5 4 .  A M F T H r O  O F  A S S T S T I N G  
A C T S  OF F O R A G F  ON THE GROWTH OF B A C T E R I A  CF T H F  PUWFN I N  
T R A T I O N S  AND P R O P O R T I O N S  I N  T H E  G A S T R O I N T F S T I N A L  TR4CT O F  
TS OF E S S E Y T I A L  OILS OF SAGEORIJSH ON D E F R  RUMEN M I C P C R I A L  
A C T d T E  OY A 0 1  1962. B A C T E R I A  OF T H t  O V I N E  R U M r N  11. T H E  

/NO STEMS OF PE~ENNIAL RYFGRASS,  COCKSFOOT,  T I Y O T H Y ,  TALL  

1 9 5 5 .  A SAYPLINS T u n -  FOR RIJMEN 

F E R P F N T d T I O N  T F C P N I Q U E  T O  E S T I M A T E  T H F  n I G E S T I R L  
F F R CF hi T A T 1 O h 
F F R V E N T A T I  CN T F C H l  I C U E S  1963. SYMPO 
F F R P F N T P T I O P  TECI -N IOUES FOQ F S T I M A T I M G  F O R A G t  OI 
F F R V F Y T A T I O N  T l M F  1 9 6 6 .  R U V I Y P N T  D I G E S T I O N  I N  
F F R Y F Y T A T I O N  T C  FQQAGE F E t D I N G  V A L I l E  
F F R K N T A T I O N S  1 9 6 5 .  f lF?ERC 
F F R b ' E N T P T I O h S  1 9 6 1 .  R I D C H F Y I C A L  

T A T I G V S  1 9 3 3 .  I S O L A T I O N  AND C H A R A C T E R 1 7 4  
T d T I O N S  I L L  r L A S S r  S E Y I P F R M E A B L F  MFPBRANF 
T I %  E A L T E R I U M  F R O F  T H E  SHEFP RIJMEY 
11°K C A R P O P Y L Q A T E S  A N 0  L A C T A T E  ON A O I F T  / 

FFSCUF,  L U C E R N F  PNP S A I N F O I N ,  A S  MFASURED R Y  AN/  
F I B E R  D I G E S T I O N  (JS ING T H E  V I N A T U R F  A R T I F I C I A L  R U  
F I S H E R Y  BY PROClJCTS 1954.  I Y  V I T R O  C E L L U L O Z F  
F I S T U L A T C D  A N I W n L S  b N D  S T A N O A R C I Z A T I C U  O F  METHOO 
FLCRC 1 9 6 0 .  SOME A S P F C T S  OF R U M I N A L  MFTA 
F L C R A  I N  THF ZUYFh OF COWS F E D  D I F F E R E N T  R A T I O N /  
F L O R A  CF T H E  A L I P E N T A R Y  T R A C T  OF A N I H A L S  dN0 F4C 

F I C W  S Y S T F M  1 9 6 7 .  I N  
FLCW S Y S T E Y  ON A P R C T E I N - F R E E  DIET I 9 5 R .  
FLOlJ  r Y P E 5  OF A P P b R 4 T U S  FOR I N  V I T R O  R U H E N  F E R M /  
F L U C T U A T I O N S  I N  TP'E NUMBERS O F  RUMFN DROTCZOA A /  
F L U I C  
F L U I O  1957. T H t  I N F L U E N C  
F L U I D  /ACTORS YCCFSSbRY FOR THF GROWTH O F  B A C T F R  
FCDOFR C'ICPS 1 9 6 3 .  C O M P d R I S O Y  OF 
F C C O E X S  1966. THE A P P L I C L T  
FODDfRS I N  V I T R O  I A R T i F I C l A L  R l J M F Y l  / Y  A T T E Y P T  T 
FOCOSTUFFS I N  THF RUYEY FOR O F T F R M l N A T I O N  O F  THC 
FORAGT h S  A F F E C T E C  EY SEASON I N  N O R T H F K N  O N T n R I C  
FCRAGE A S  I h F L I J F F C F O  P Y  SUPPLEMFNT? O F  N I T R O G E N /  
F C  R AGF C E L  L l J L  0 F F E I GE ST I B IL I TY 
F C R A 5 E  C t L L U L C S 6  I N  R U M I N A N T S  1 9 5 9 .  C E L L U L O S  
FCRAGE C E L L l J L O 5 k S  C Y  T H E I R  C I G r S T I H I L I T Y  @ Y  RUM/  
FCRAGE CQOPS 
FCRAGE CROPS 
FCRAGE r I G E S T I R I L I T Y  4ND I N T A K E  1965. U S E  
FCRAGE E V P L U A T l C N  V E T t D O S  
FCRAGE F E E D I N G  V I L I J F  1962. 
FCRAGE F R O H  I N  V I T Q O  RIJMEN F E R M F N T A T I O Y  D A T A  
FCRAGF H O L O C E L L U L C T E  C I G F S T I R I L I T Y  B Y  I N  V I T R O  F 
FCRAGF I h T A K F  O F  G R A Z I N G  L I V E S T O C K  U S l N G  P I C R O D I  
FCRAGE h U T R I T I V t  V A L U E  / 1 1 .  S I M P L I F I E D  d R T I F I C  
FORAGF h U T R I T I V E  V A L U E  / C O M D A R I S O N  O F  I Y  V I T R O  F 
FORAGC N U T R l T I V f  V P L U E  FROP IY V I T R O  C E L L U L O S ?  0 
FCRAGE C N  T H E  GROWTH OF B A C T E R I A  O F  T H E  RUMFN / 
FCRPGE P L n N T S  R Y  R I IPEN P I C R O O S T P N I S M S  I N  V I T R O  I 
FCRAGE C I J A L I T Y  / CRY M A T T C R  L O S S  4ND V O L A T I L E  F A  
FCXAGL S U P S T R A T E S  I 

7 F C H N  1 QUE S 

FLCRB S T U D I E S  I Y  T t w  w E r P  IX. ~ r i ~  EFFFCT OF PH 

FCRAGF, 
FCRAGES 
FCRAGES 
FCRAGES 
FCRAGES 
FORAGES 
FCRAGES 
FORAGES 
F C R  AGE S 
FCRAGES 
FCRAGES 
FGRAGES 
F C R AGF S 
FCRAGES 
FORAGES 
FCKAGES 
FCRAGES 
F C RAGE S 
FORAGES 
FCRAGFS 
FCRAGES 

C L I P P E D  H E R R I G E ,  A N 0  STANOARO S A M P L E S  BY 

I 9 6 b .  T H E  A R T I F I  
1 9 6 6 .  A C O M P A R l S  

1 9 5 9 .  USE O F  T H E  A R T 1  
1965. DEVELOPMENT A N 0  U S E  0 

1962. U S E  OF AN I N  V I T R O  E N 2  
- AN I N V E S T I G A T I O N  OF THF P R O B L E M S  A S S O /  
/ THE P E P P T P T I D N  OF A N  P R T I F I C I A L  R U P E N  
1 .  C O R R t L d T I O N S  BETWYEFN I N  V I T R O  AND IY 

RY T H t  I N  V I T R O  O I G E S T I O N  O F  C E L L  W A L L S  
FFO C H O P P E C  OR GROUkD U S I N G  A N  I N  V I T R O  
I N  T H F  LABORATORY 11. S I M P L I F I E D  A R T I F I  
I N  T H E  LABORDTORY I V .  W I T H I N  A Y O  AMONG 
IN T H E  L A E O 9 d T O R Y .  V. C O R P A R I S O N  OF C t t f M  

A V O  ON r H E  I Y  VITRO FERMENTATION PROCFD/ 

CN I N  V I T P O  C E L L U L O S E  O I G E S T I O N  B Y  RUUEN 
r o  THEIR IN VIVO ORY MATTER DIGESTIRILI/ 
U S I N G  A S I M P L E  I N  V I T R O  T E C H N I Q U E  166. 
1 9 6 4 .  S I P P L I F I E O  T E C H N I O U E  FOR I N  V I T R O  

F O R b G C S r  I .  THE I N  V I T R O  D I G E S T I O N  OF C E L L U L O S /  
FORP OF R A T I O N  UPON C I G € S T I D N  A N 0  V O L A T I L E  F A T T Y  
FORMS ON I N  V I T R O  C E L L U L O S E  O I G E S T I O N  R Y  RUMEN M 
F R A C T I O N  OF RUMEN E A C T E R I A  O B T A I N F O  B Y  D I F F E R E N T  
FRACTIOh OF RUMEN F L U I D  I A C l O R S  N E C F S S A R Y  F O R  TH 
F R A C T I O N S  RY RI IPEN MICROORGf iN ISMS I N  V I T R O  I 9  
F R A C T I O N S  I N  FORDGkS A N 0  ON THF IN V I T R O  F E R M E N l  
F R E E - G R A Z I N G  S H E E P  1956. QUWEN STUDIFS I 
F R E E - L I V I N G  AND d T T A C H E C  B A C T F R I A  I N  RUMEN CONTF 
FRENCH / I U E N C E  OF THE E X T R A C T I O N  OF A O I J A T I C  E X T R  
F U L L - f F D  B E E F  H E I F E R S  l O L A T I L E  F A T T Y  A C I D  CONCFN 
F U N C T I  O h  1 9 6 4 .  E F F E C  
F U k C T I O N A L  GROUPS F F R H E N T I N G  CARBOHYDRATES A N D  L 

G 
NCE O F  PROTOZOA UPON RUf4FM B C I O  P R O f l U C T l O V  A N 0  L I V E W E I G H T  G A l N S  I N  L A I B S  1 9 6 5 .  I N F L U E  
W BY RUMEN M I C R O O R G A N I S M S  1 9 6 2 .  E F F E C T  O F  GAPMA R A D I A T I O N  CN T b E  U T I L I Z A T I O Y  OF H H E A T  STRA 

F A T T Y  A C l l  1 9 6 2 .  E F F E C T  OF P E L L C T I N G  A L F A L F A  ON I N  V I T R O  G A S  P R O D U C T l O N i  C E L L U L O S E  D I G E S T I O N  A N 0  V O L A T I L E  
MATE I 1961. PRELINPYARY OBSERVATIDYS nu THE USE OF T O T A ~  G A S  PRODUCTION FROM THE ARTIFICIAL RUMEN TO E S T I  

Y O L A T I L F  F A T T Y  A C I D  C O N C E N T R A T I O N S  A N 0  P R O P O R T I O N S  I N  THE G A S T R O I N T E S T I N A L  T R A C T  OF F U L L - F E D  B E E F  H E I F E R S  
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T H E  M E C H A N I S M  OF P R O P I O N I C  A C I D  F O R M A T I O N  B Y  V E I L L O N E L L A  GAZOGENES 1951. 
V O L A T I L E  F A T T Y  4 C I D S  1946. T H E  A P P L I C A T I C N  O F  THE S I L I C A  G E L  P A R T I T I O N  CHROMATOGRAM TO THE E S T I M A T I O N  OF 
W T Y P E S  O F  A P P A R A T U S  F O R  I /  1960. A C O M P A R I S O N  O F  T H E  A L L  G L A S S ,  S E M I P E R M E A E L E  MEMBRANE AND C O N T I N U O U S  F L O  
S H E E P  1959. I N  V I T R O  S T U D I E S  ON THE E F F F C T  OF P H  AihD O F  GLUCOSE ON A M M O Y I A  A C C U M U L A T I O N  I Y  T H E  R U C E N  OF 
10 / OP S Y N T H E S I S  O F  V A L E R I C  A C I D  D U R I N G  THE D I G E S T I C Y  O F  GLUCOSFI S T A R C H  AND C E L L U L O S E  B Y  RUMEN M I C R O O R G /  
I A L  RUYEV 1950. C E L L U L O S E  OIGESTION I N  GOCO AND POOR O U P L I T Y  ROUGHAGES U S I N G  A N  A R T I F I C  
7 .  S T U D I t S  3 Y  THE P R O D U C T I O N  OF V O L A T I L E  F A T T Y  A C I D S  FROM GRASS B Y  RUMEN L I P U O R  I N  AN A R T I F I C I A L  R U W N  195 
O M P O S I T I O N  A Y D  I N  V I T R O  DRY M 4 T T E R  O I G E S T I B I L I T Y  O F  E I G H T  G R A S S E S  / E F F E C T  OF W I N T E R  B U R N  ON T H E  C H E M I C A L  C 
L U E  FROM I V  V I T R O  C E L L U L O S E  I 1 9 6 2 .  D I S C R F P A Y C I E S  B E T k E E N  G R A S S E S  A N 0  A L F A L F A  WHEN E S T I M A T I N G  N U T R I T I V E  L A  
P O F  L I G Y I F I C A T I O V  T O  I N  V I T R O  C t L L U L O S E  C I G E S T I R I L I T Y  O F  GRASSES A N 0  L E G U M C S  1965 .  R E L A T I O N S H I  

M A T U R I T Y  1963. THF I N  V I T R O  D I G E S T I B I L I T Y  O F  WHOLE G R A S S E S  AND T H E I R  P I I R T S  A T  P R O G R E S S I V E  S T A G E S  OF 

ARD S A M P L E S  BY C A T T L E  A N 0  SHEEP 1964. M I C R O D I G F S T I C N  O F  GRAZED A N N U A L  FORAGE, C L I P P E D  HERBAGE, A N D  STAND 
165. I N D I C E S  O F  E F F I C I E N C Y  O F  RUMEN F E R M E U T A T I O N  O F  S H E E P  C R A Z I N G  D E S E R T  RbNGE F O R A G E  A S  I N F L U E N C E D  B Y  S U I  
S 1964. A YETHOO FOR M E A S U R E Y E N T  O F  FORAGE I N T A K E  OF G R A Z I N G  L I V E S T O C K  U S I N G  M I C R O O I G E S T I O N  T E C H N I Q U E  
C A L  C 0 /  1966. A N  E V A I U A T I O N  O F  P A S T U R E  O U D L l T Y  W I T H  YOUNG G R A Z I N G  SHEEP, 11. C H E M I C A L  C O M P O S I T I O N I  B O T A N I  
I O Y  O F  AV A R T I F I C I A L  RUMEN T E C H N I Q U E  T O  T H E  E S T I M A T I C N  O F  CROSS D I G E S T I B L E  ENERGY O F  FORAGES / T H E  A D A P T A T  
/ N  O F  THE U U T R I T I V E  V A L U E  I N D E X  O F  F O R A G E S  F E D  C H D P P E C  OR GRCUNO U S I N G  A N  I N  V I T R O  RUMEN F E R M E N T A T I O N  M E T /  
I E S  A N 0  I T S  R E L A T I D N 5 H I P  W I T H  C U T T I N G  T R E b T M F N T ,  S T A G E  O F  GRCWTH AND C H E M I C A L  C O M P O S I T I O N  / C I E S  AND V A R I F T  
U M E N  195R. V O L A T I L E  F A T T Y  A C I D  GRCWTH F A C T O P  FOR C E L L U L O L Y T I C  C O C C I  O F  B O V f h K  R 
C E  OF THE E X T R A C T I O N  O F  A P U A T I C  E X T R A C T S  OF FORAGE ON T H F  GROWTH OF B A C T E R I A  O F  THE RUMEN I N  F R F N C H  / L U E N  
L E  A C I D  F R A C T I O N  OF R U M f l  1955. F A C T O R S  N F C E S S A R Y  FOR T H E  GROWTH C F  BACTFROIDES-SUCCINOGENES I N  T H E  V O L A T I  

O F  H E T H 3 D S  1962. S T U D I F S  ON RUMEY P H Y S I O L O G Y  1.  GRCWTH C F  F I S T U L A T F D  A N I M A L S  A N D  S T A N D A R O I Z A T I O N  
N T I N U O U S  FLOW S Y S T E M  ON A P R O T E I N - F R E E  D I E T  1958. CROWTH C F  RUMEN P I C R O O R G A N I S M S  I N  A N  I N  V I T R O  CC 

1 9 6 0 .  M E T A R O L I S M  O F  T H t  S O L U B L E  C A R B O H Y D R A T E S  O F  G R A S S F S  I N  T H E  R U P E N  O F  SHEEP 

H 
T H E  C O M P O S I T I O N  3 F  T H E  P O P U L A T I O N  ON A D I E T  OF POOR T E F F  H A Y  1 9 6 2 .  @ A C T E R l b  O F  T H E  O V I N E  R U M E N  1. 

A T E S  AND L A C T A T F  7 N  A D I E T  OF L U C E R N E  I M E O I C A G O  S A T I V A  1 P A Y  I T H E  F U N C T I C N A L  GROUPS F E R P E N T I N G  CARBOHYDR 
I B I L I T Y  / 1961. E F F E C T  O F  FOUR Y A T U R I T Y  S T A G F S  OF T I P O T H Y  H A Y  CN ITS C H E M I C A L  C O M P O S I T I O N ,  N U T S I E N T  D I G E S T  

P R O D U C T I O U  FROM THE A R T I F I C I A L  R U Y E N  T O  F S T l w A T F  A L F A L F 4  H A Y  C I J A L I T Y  / B S E R V A T I O N S  ON THE U S E  O F  T O T 4 L  G & S  
I N  V I T R O  AYD I Y  V I Y O .  ON T H E  C E L L U L O L Y T I C  A C T I V I T Y  O F  T H E  H E A R T  R E A T  OF RUMEN I N  I T A L I A N  / O F  S A C C H A R I O E .  
 ISMS 1961. F F F F C T  OF H E A T I \ G  S T A R C H  ON I T S  D I G E S T I O Y  B Y  RUMEN C I C R O O R  
R O P O R T I O U S  I N  T H E  G A S T R O I N T E S T I N A L  T R A C T  CF F U L L - F E D  B E E F  H E I F E R S  / O L A T I L E  F A T T Y  A C I D  C O N C E Y T R A T I O N S  A N 0  P 
TY,  F A T T Y  A C I D  P R O D U C i I O N  A N D  M I C R O B I A L  A C T I V I T Y  I N  O A I R Y  H E I F E R S  AND WETHER / E V U L l N I C  A C I D  ON D I G E S T I B I L I  
MEN B A C T E I  1965. O E G R A O A T I O N  AND U T I L I Z A T I O Y  O F  I S O L A T E D  H E C I - C E L L U L O S E  BY PURE C U L T U R E S  O F  C E L L U L O T I C  R U  
P RUMCU 1 9 6 1 .  I S O L A T I O N  A N D  C W A R A C T E R I L A T I O N  OF A H F C I C E L L U L O S E  F F R W F Y T I N G  B A C T E R I U M  F R O P  THE SHE€ 
OF RUMEY W I T H  A P P L I C A T I O N  T O  U T I L I 2 A T I O N  CF C E L L U L O S E  AND C E P I C E L L U L O S E S  / V A L U A T I O N  O F  M I C R O B I A L  A C T I V I T Y  
/ S Y M P O S I U M  ON F A C T O R S  I N F L U E N C I N G  THE V O L U N T A R Y  I N T A K E  OF HERBAGE BY R U M I N A N T S  - V O L U N T A R Y  I N T A K E  I N  R E L A /  

1966. THE I N  V I T R O  P R E O I C T I C h  O F  HERBAGE D I G E S T I B I L I T Y  
1966. A Y O O I F I E D  Y E T H O D  F O R  THE I Y  V I T R O  D E T E R M l N A T I C h  O F  HERBAGE O I G E S T I R I L I T Y  I N  P L A N T - B R E E D I N G  S T U D I E S  
I O N ,  B O T A Y I C A L  C O Y P O S I T I O N I  AUD I N  V I T R O  O I G F S T I B I L I T Y  O F  HERBAGE S E L E C T E C  E Y  E S O P W A G E A L - F I S T U L A T E O  SHEEP 
I P  W I T H  C U T T I N G  T R E /  1966. THE I N  V I T R O  O I G E S T I B I L I T Y  O F  H F R B A G E  S P E C I E S  AND V A R I E T I E S  AND I T S  R E L A T I O N S H  
P 1 9 6 4 .  M I C R O O I G E S T I O N  O F  G R A Z E D  A N N U A L  FORAGE, C L I P P E D  HERBAGEI AND STANCARC S A M P L E S  R Y  C A T T L E  AND SHFE 
T l O N S  1965. O E T E R M I Y A T I O N  O F  FCRAGE C C L O C F L L U L O S E  D I C E S T I B I L I T Y  BY I N  V I T R O  FERMENTA 

1966. C U L T L R E  OF THE R U P E N  H C L C T R I C H  C I L I D T E  r A S Y T R I C H A  R U Y I U A T I U C  SCHUBERG 
I N  T H E  3UMEN 

L Y T I C  E V Z Y M E S  
O F  A S H E E P  FEO A L 1 M 1  T E D  R A T I O N  E V E R Y  T!IREE 

1 9 5 4 .  
HCURS 
HYOROL 

/ I N  
. Y T I C  

T H E  C C N C E N T R A T I O N S  O F  
PRODUCTS O F  C E L L I J L O S E  

M I C R O - O R G A N I S C S  
4NO T H E  C E L L U L O  

I 

E S T I O N  BY RUMEV Y I C R O O R G A N I S M S  S U P P O R T E O  P Y  Y L T Q I T I O N A L L V  I N A D E Q U A T E  M E O I A  / ON T P E  I N  V I T R O  C E L L U L C S E  D I G  
L C O V P O S I T 1 3 U 7  Y U T R I E N T  O I G E S T I R I L I T Y  A W  N U T R I T I V E  V A L U E  l h D E X  / R I T Y  S T A G E S  OF T I M O T H Y  H A Y  ON I T S  C H E M I C A  
ON C A T 4  1960. P R E O I C T I O N  OF THE Y U T R I T I V E  V A L U E  I h O E X  OF A F O R A G F  FROM I N  V I T R O  R U Y E Y  F F R P F N T A T I  
1 V  V I T R O  R U Y r N  F/ 1962. P R E O I C T I O N  O F  THE r J U T R I T I V E  V 4 L U E  I h O E X  OF F O R A G E S  F E C  CHOPPEC OR GROUVD U S I Y G  A N  
HEEP G R A Z I V G  D E S E R T  RANGE FCRAGF 4 5  I N F L U F N C E O  BY / 1965. I h D I C E S  O F  E F F I C I E N C Y  O F  RUMEN F E R M E N T A T I O N  OF S 
V O L A T I L E  F A T T Y  A C I D  P R O O U C T I O N  I Y  THE A R T I F I C I A L  R U M F h  A S  I h O I C F S  OF F O R A G F  G U A L I T Y  / D R Y  M A T T E R  L O S S  A N 0  
U P I N A L  M E T A B O L I S M  R E V E A L F D  R Y  PURE C U L T U R I  S T U D I E S  OF T H E  T h D I G F N O U S  F L O R A  1960. SOME A S P E C T S  OF 8 

1 9 6 6 .  B I O A S S b Y S  F O R  N U T R I T I V F  V A L L E  OF I h O I V I O U d L  A L F A L F A  P L I N T S  
1 9 6 6 .  RUMCN VOLUME A S  b. F 4 C T O R  I N V O L V E D  IN I h D l V l D U A L  S H E F P  C I F F E R E N C E S  

R I  1951. I V  V I T R O  O R S E R V b T I O N S  U P O N  T H E  N 4 T U R F  O F  P R O T E I N  I h F L U F N C F S  U P C N  UVEA U T I L I Z A T I O V  B Y  R U C E N  P I C R O O  
U V E Y  1 1 1 .  THE S Y N T H E S I S  AND RREAKDOWN OF P R O T F I Y  I N  RUb'Fk I N G E S T A  / T H E  U T I L I Z A T I O N  O F  U R E A  I N  T H E  B O V I N E  R 
H E E P  I U  S O U T H  A F R I C A  X V I .  THE F A T E  OF Y I T R A T F  I N  R U P I N A L  I N G E S T A  A S  S T U I I I E S  I N  V I T R O  / A C T  O F  T H E  P E R I N O  S 

I C R O B I A L  A C T I V I T Y  1 9 5 9 .  E F F E C T  OF MIYO7 CHANGES I h  T H E  I N G R E D I E N T  C O M P O S I T I O N S  O F  T H E  R A T I O N  ON R U l r E N  iJ 
U C F N  MICSOO/ 1964. T H F  E F F E C T S  O F  V A R I A T I n Y S  I N  V O L U P E  OF I N C C U L A  CY T H E  I h  V I T R O  C E L L U L O S E  D I G E S T I O Y  B Y  R 
M I N A Y T  D I G E S T I O U  S T U D I E S  1966. I Y T C R A C T I O N  B E T k E E N  INCCUCIJP' DONOR C I E T  AN0 S U R S T R A T E  I N  I N  V I T R O  R U  

T I M E  1966. q O Y I N A N T  n I G E S T I O N  I N  V l T R n  A S  A F F E C T E C  B Y  I h C C U L U C  O O N O S t  C C L L F C T I O Y  CAY, A N 0  F F R M E N T A T I O N  
S F  C I G E S T I R I L I T Y  1965. A P U R E  C U L T U R E  I h C C U L U C  CETHOO FCR E V A L U A T J O N  OF FORAGE C E L L U L O  
RO C I G E S T I O U  T R I A L S  1 9 6 5 .  E F F L C T  O F  SOUYCE O F  I h C C U C U C  CN O I G E S T I F I L I T Y  O F  S U B S T R A T E  I N  I N  V I 1  

I95R. S T U D I E S  OU T H E  I Y  V I T R O  RUMEY PROC'DURF - I P P R O V E O  I h C C U L U P  P V E P A R A T I O N  4NC T t E  E F F E C T S  O F  V O L 4 T I L E  
FROM T H E  C9W S 9UMEY 1 9 h D .  T H E  I Y  V I T R O  C O N V E R S I C h  OF I h O R G A N I C  N I T R O G E N  T O  P q O T E I N  B Y  M I C R O - O R G A N I S M S  

A T I O S  AVO L F V E L c  U P O N  I N  V I T R O  A V A I L A B I L I T Y  O F  P H Y T I h  A N D  I h C R G A N l C  PHOSPHORUS / O F  C A L C I I J M  T D  PHOSPHORUS R 
T A T I O N  T E C H V I Q U F S  F 0 9  E S T I M A T I N G  F O R A G E  O I G E S T I B I L I T Y  A N 0  I h T A K F  1 9 6 5 .  U S E  O F  I N  V I T R O  R U P E N  F E R M E N  
I T H E  V O L J U T A R Y  I N T A K E  OF HEYRAGE B Y  R U M I N t N T S  - V O L U N T 4 R Y  I N T A K E  I N  R E L A T I C N  TO C H E M I T A L  C O M P O S I T I O N  A N 0  / 

T E C H Y I Q J E S  l96h. A WETHOD F O R  M E A S U 9 E Y F N T  O F  FORAGE I h T A K E  C F  G R A Z I N G  L I V E S T O C K  U S I N G  ~ I C R O O I G E S T I O N  
E I /  1965. S Y M P O S I U M  ON F A C T O R S  I N F L U E N C I Y G  THF V O L U N T A R Y  I N T A K E  CF H F R R A G F  P Y  R U M I N A N T S  - V O L U Y T A R Y  I N T A K  
GES 1 9 6 2 .  I N T t R - L A B O R A T O R Y  IN V I T R O  S T U D Y  O F  S T A V O A R O  FORA 
T R A T F  I U  1U V I T R O  R U M I N A Y T  D I G E S T I O V  ST1JDIES 1966. I N T E R A C T I O N  B E T W E E N  I N O C U L U M  OOYOR D I E T  A l D  S U P S  
T C H A I N  F A T T Y  A C I D S  FROM C F L L U L O S E ,  S T A R C V ,  4'40 V E T ' l P C L l C  I h T E R P E O I A T E S  RY F2PVlNE RUMEN M I C P O O R G A N I S C S  /OR 

T H E  C E L L U L 3 L Y T I C  A C T I V I T Y  OF THE H E A R T  B F A T  OF R U C E h  I N  I T A L I A N  / O F  S A C C H A R I C E ,  I N  V I T R O  AND I N  V I V O .  ON 
F T H E  RUYEU I N /  1 9 5 7 .  R U V I N A L  F L O R A  S T U O I r S  I N  T H F  S b E E P  I Y .  THE E F F E C T  OF OH OY T H E  C I L I A T E  P O P U L A T I O N  0 

1956. S T R A T I F I C A T I O Y S  AND K I N E T I C  CHANGES I N  T H E  I N G E S T A  OF THE P C V I N E  R U Y E N  

1 9 6 4 .  A M I C R O  A R T I F I C I 4 L  RUb'Fh. F O R  I S C T C P I C  E X P E R I ' F N T S  

E N  

K 
1965. F 4 C T O R S  I U F L U C Y C I Y G  NUMRERS AND K I N D S  C F  H I C R O - O R G A N I S M S  IY T H E  RUMGN 

1956. S T R A T I F I C A T I O Y S  A N 0  K E h E T I C  CPANGES I N  T H E  I N G E S T A  O F  THE r i O V l N E  S U P  

I 1 6  
71 
67 
I75 

5 2  
39 
16 

I 4 9  
I23 
I97 
I 6 6  
193 
2 03 
I 5 2  

85 
47 
6 h  
59 

3 
75 
36 

I 61  
I 

201 

BO 
I 3 0  
I 3 8  

2 7  
I 7 9  
213 
2 09 

56 
210 
I 4 5  
2  05 

66 
I 7 7  

8 5  
59 

2 03 
I 2 6  
50 

2 2 1  
I31 

I a i  

I 4 2  
I 3 8  

6 2  
64 
5 2  

7 
3 3  
e2 
6 9  

63  
81 
89 
51 
4 2  
32 

40 

I 9 8  
I 1 2  
25 

I 1 9  
222 

l a  
12 

2 0 5  
2 C I  
2 0 5  
II 

I 3 2  
9R 
54 
2 7  

I 6 8  

2 1 0  
I 8 9  



L 

/ 11. T H E  F I J N C T I O Y A L  GROl lPS  F E R M E N T I N G  CARPOMYDRATFS A N 0  L A C T A T E  C?4 A C I E T  OF L U C F R N F  I M F D I C A G O  S A T I V A  I 
N D I G E S T I N G  B A C T E R I A  F R O V  THF RUMEN OF R L O A T I N G  C A T T L E  GN L d O I Z O  CLOVER PASTIJQE 1962. I S O L A T I O ' I  O F  S A P O N I  
OTOZOA IJPOY P U Y F Y  A C I O  P R O D U C T I O N  A N 0  L I V E W I G H T  G A I h S  I h  LAMRS 1965. I Y F L I J F N C F  OF PR 

I N V E S T I G A T I O Y  OF T H C  P R C B L F M S  A S S O C I A T F O  WITH C O N T l k U O U S  L A R G E - S C I L E  O P F Q A T I O N  /IC N A T T F R  I N  FORAGES - AN 
1. T I M O T H Y .  T A L L  F F S C U E .  / 1 9 6 4 .  THE D I G F C T I S I L I T Y  OF T H E  LFAVE', A N 0  STEWS Cc P E R E N N I A L  R Y E G R A S S r  COCKSFCO 
C A T I O N  13 I V  V I T R J  C E L L U L O S E  O I G F S T I B I L I T Y  OF G R A S S t S  A N 0  
ORGANISMS 11 V I T R 3  I ' ? h I . C F L L U L O S E ,  S T A R C h  4'40 P I ITROGFN 

U C T I O N  A U D  ' 4 I C R O P J A L  P C T I V I T Y  1'4 D A I R Y  ti/ 1 9 6 1 .  F F F r C T  OF 
ORAGF P L B U T S  8 1  1959. THF FFFFCT OF STAGE OF M d T I J I I l T Y  A N D  
Y OF GRASSFS m n  LEGUMFS 1965. R t L h T 1 O N ; t ' I P  OF 
T U F F S  I Y  T H E  QUMFV F O R  O f T f R V Z N A r l O N  OF T H t  P 4 /  1963. THE 
C F N T R A T I O Y S  O F  t ' I C R 0 - O R G A N I S M S  I N  THF RUMG'IS nF S H E i P  F E D  
T R b T I O N S  O F  M I C R O - O R G A N I I M S  I N  THE R U W V  OF A S H F E P  FED A 
H E  P R O D U C T I O N  O F  V O L 4 T l L E  F A T T Y  A C I O S  FROM G R P S S  i j Y  R U P E N  

O /  1960. S T U D I E S  O V  M I C R O F L O R A  I N  THF A L I F E N T A R Y  T R A C T  OF 
9 6 4 .  A METHOD FOR M t A S U Q T P F N r  OF FORAGF I Y T A K E  O F  G R A Z I N G  
965. I N F L U E U C F  O F  P Q O T O l O A  IJPON RUMFN A C l n  PROOlJCTIOU AND 
R T I F I C I A L  RUMFY A S  I N D I C E S  OF FORAGF Q U I  1958. DRY V A T T E 9  

GROUPS F E R M F N T I N G  CARBOHYDRATES A N 0  L A C T A T E  ON A D l F T  Of  
I OF PERf-NVIAL RYEGRASS, C O C K S F O O T t  T I M O T I i Y ,  T A L L  FESCUE,  

I COMPARATIV= F F F E C T S  OF CALCIUY TO PHOSPYORUS 9 ~ r r - 1 ~  AND 

E /  1960. S T U D I E S  O Y  M ~ C R O F L O R A  IN THF ALIWNTARY T R A C T  OF 

I FOUVt-S 1 9 6 5 .  R E L A T I O Y S N I P  OF L I G N I f l  
L F V F L S  FOR M A X I M U M  C F L L U L O S E  D I G E S T I O N  B Y  RUMEN 
L E V E L S  IJPCN I N  V I T R O  6 V A I L A R I L I T Y  O F  P H Y T I N  ANI)/ 
L F V U L I Y I C  A C I C  Oh C I G E S T I B ¶ I L I T Y v  F A T T Y  A L I I 3  P R O 0  
L T G R I f  I L A T I O F I  OU T t F  C I G F S T I O Y  O F  C E L L U L 0 5 1  I N  F 
L I G Y I F I C A T I C N  T O  I N  V I T R O  C F L L I I I O S E  O I G F S T I B I L I T  
I I P I T 4 T I O M S  O F  T k F  T E C H N I Q I J F  O F  S l J S P E N r I N G  FOOOS 
L I P I T F O  OIFTS 9 N C E  C A I L Y  / Y A L  CHAUGES I N  THE CON 
LIPlTtU R A T I O Y  EVEI lY  T H Q F T  HOURS I I N  T H E  CONCEY 
L I C U O R  I h  AN A R T I F I C I A L  RUMEN 1 9 5 7 .  S T U O I F S  ON T 
L I V I - S T O C K  I .  MFTPOC FOR T H E  C U L T U R E  O f  T H E  B A C T  
L I V L S T O C K  11.  R P C T F K I A L  FLORA I N  THE K U M F N  OF C 
L I V F S T O C K  U S 1  '\iG M I C R O D I G E S T  I O N  TECHN IQUFS 1 
L I V t - W F I G H T  G A I W S  I N  LAMt3S I 

I U C E R N F  I V F O I C A G C  S A T I V A  I H A Y  / T H E  F U N C T I O N A L  
L U C F K N E  A N 0  S A I Y F O I h r  A S  MEASURFD B Y  AN I N  V I T R I  

LOSS A N C  VOLATILE F A T T Y  a c I o  PRODUCTION IN THE A 

M, 

E D  BY E T H Y L  ALCOHOL 1959. THE R A T E  A N 0  P A G N I T I J D F  OF O I G F S T I O N  OF A ROUGHAGE A S  I N F L U E N C  
C O N T I N U 3 U S  C U L T U R F  9h4 .  M O O I F I C A T I O M S  OF A D E V I C F  F O R  M A I N T F Y b N C E  O F  T V E  R U Y E N  M I C R O R I A L  P O P U L A T I O N  I N  

L A C T I V I T Y  O F  RlJMEN W I T H  A P P L I C A T I O Y  TO U T I L I Z A T I O /  1953. V A k O P F T H T C  PETHOC FOR T H E  E V A C U A T I O Y  O F  M I C R D B I A  

/. A R T I F I C I A L  RUMEN I N V E S T I G A T I O N S  1.  V A R I A R I L I T Y  OF DRY PlATTFR AND C E L L U L O S E  C I G E S T I R I L I T Y  B Y 0  P R O O U C T l l  

Y O F  U N D R I E O  A N 0  D R I E D  M I X E D  FORAGES TO T H E I R  I N  V I V O  DRY MATTER C I G E S T I R I L I T Y  /TRO C E L L U L O S E  O I G E S T I R I L I T  
W I N T E R  BURV O V  T H E  C H E M I C A L  C O M P O S I T I O N  b N D  I N  V I T Q O  ORY MATTER O l G E S T I 4 I L I T Y  OF E I G H T  GRASSES / E F F E C T  OF 

/ U T I N E  O E T E R M I N A T I O Y  OF I N  V I T R O  O I G E S T I B I L I T Y  O F  O R G A N I C  P A T T E R  I N  FORAGES - dN I N V E S T I G A T I O N  OF THE PRO/  
N T H E  A R T I F I C I A L  9UMEN A S  I N D I C E S  OF F O R A S E  D lJ /  1959. DRY P A T T E R  L O S S  A N D  V O L l T I L E  F A T T Y  A C I D  P R O D U C T I O N  1 
OF WHOLE G R A S S E S  4 ' 4 0  T H F I R  P A R T S  A T  P R O G R " S 5 I V E  STAGES O F  Y h T U R I T Y  l 9 6 ? .  T H E  I N  V I T R O  D I G E S T I B I L I T Y  
E L L U L O S E  IN FORAGE P L A N T S  B /  1958. THE E F F E C T  OF S T A G E  OF M 4 T U R I T Y  ANI3 L I G N I F I C A T I O N  ON T H E  D I G E S T I O N  OF C 
O P P O S I T I O N ,  N U T R I E N T  D I G E S T I B I L I T Y  / 1941. E F F f C T  OF FOUR Y A T U R I T Y  S T A G E S  CF T I M O T H Y  H A Y  ON I T S  C H E M I C A L  C 
N V I T R O  1 9 6 l . C E L L U L O S F q  S T A Q L d  A N 0  N I T R O G F N  L E V E L S  F O R  P A X I * U V  C E L L U L O S E  D I G E S T I O N  R Y  RUMFN O R G A N I S M S  I 
MS - U R E b  U T I L I Z A T I I  1954. C O M P A R I S O N  OF L R E A  AND P R C T E I N  P F A L S  A S  N I T R O G F N  SOURCES FOR RUMEN M I C R O O R G A N I S  

I N  R U M I V A U T S  1959. C E L L U L O S E  O I G E S T I C N  I N  V I T R O  AS A PIEASIJRF OF THE O I G F S T I B I L I T Y  OF FORAGE C E L L U L O S E  
COCKSFOOT, T I M O T H Y ,  T A L L  F E S C U E t  L U C E R N F  AND S A I N F O I N ,  A S  PFASUREO B Y  A N  I N  V I T R O  PROCEDURE / A L  RYEGRASS, 

I T I G A T 1 3 V S  I f .  C 3 R R E L A T I O N S  SETWEEN I N  V I T R O  AND I Y  V I V O  P F A S U R E S  OF O I G E S T I P 1 L I T Y  AND C H E M I C A L  C O M P O N E N I  
MENTS FED T3 R U Y I Y A N T S  1 9 5 6 .  A L A B O R A T O R Y  T E C H N I Q U E  F O R  P E A S U R I N G  PHOSPHORUS A V b I L A B I L I T Y  O F  F E F D  S U P P L E  
I F I C I A L I  1965. AN A T T E M P T  TO S T A N D A R D I Z E  T H F  T E C H N I Q U E  OF P E A S U R I N G  T H E  O I G E V I O N  O F  FODDERS TN V I T R O  ( A R T  
I B A C T E R I A  I P S I .  T H E  P'ECHAYISM OF P R O P I O Y I C  A C I D  FORMATION BY P R O P I O N  
E L L A  G A l 3 G E V E S  1 9 5 1 .  THF P F C H A N I S M  OF P R O P I O N I C  A C I O  F O R M A T I O N  BY V E I L L O N  
UHEN M I C R O D S G A N I S Y S  SUPPORTED RY N U T R I T I O N A L L Y  I N A D E Q U A T E  VEDIA I ON T H E  IN V I T R O  C E L L U L O S E  D I G E S T I O N  B Y  R 
A M E N T I N G  CARBOHYDRATES A N 0  L A C T A T E  O Y  A D l F T  OF L U C E R Y E  ( F T D I C A G O  S A T I V A  1 H I Y  / THF F U N C T I O N A L  GROUP5 F E  
FOR I /  1960. A C O M P A R I S O N  OF THE 4 L L  G L A S S -  S E H I P E R P E f i R L E  PFPFIRANE AN0 C O N T I M J O U S  FLOW TYPES OF A P P A R A T U S  
I T R A T E  I V  R /  1949. S T U O I F S  ON THE A L I M E N T d R Y  T R A C T  O F  T H t  M F R I N C  S H E E P  I N  SOUTH A F R I C A  X V I .  THE F A T E  OF N 
I N  OF SH3RT C H A I N  F A T T Y  n C I D S  FROM C F L L U L O S F ,  SThRCY,  A N 0  P E T A B O L I C  I N T E R P k C I A T E S  R Y  B O V I Y E  RUMEN MICROOR/  
/MEN VOLUME A N 0  A S S O C I A T b D  E F F E C T S  A S  F A C T O R S  I N F L U E N C I N G  P E T A B O L I S M  A Y D  PROTOZOA C O N C E N T R A T I O N S  I N  T H E  R /  

H E  I N D I G E V O U S  F L O R A  1 9 6 0 .  SOMf ASI 'ECTS O F  R U F I N A L  YFTAPSOLISV R E V E I L E O  BY PURE C U L T U R E  S T U D Z E S  OF T 

1959. M I C O R B I A L  F E R M E N T d T I D N  I N  C E R T A I N  CAPMAl  5 

1959. T H E  I Y  V I T R O  O I G F S T I O N  OF R0UGHAT;F DRY MATTt-R 

ED TECHNIQUE FOQ Ird VITRO COMPA~ISON OF C~LLIJLOSF ~ V C  DRY MATTER OIGFSTIOILITIES OF F O R A G E S  1 9 6 4 .  SIMPIIFI 

1 9 6 0 .  THE DRY MATTFR D I G E S T I O N  I N  V I T R O  O F  FORAGE CROPS 

964. V A R I A T I O N S  AYDNG C A T T L F  A N 0  SHEEP I N  D I G E S T I V E  POWER F F A S U R E O  R Y  M I C R O C I G E S T I O N  T E C H N I Q U E S  I 

FS I Y  T H t  W H E Y  O F  S H E E P  1960. P~TABOLITM of T H I  FOLUALE C ~ R R O H Y O R A T E S  OF C R A S S  

N PROTEIV YITROGEN IN THE ROVINF RUMEN VI. T ~ E  EFFECT OF VITALS CN THE P c T i v r r Y  OF THE RUMEN BACTERIA /NO 
1958-  I S O C A T I O N  4NO T N A 2 A C T E R I  Z A T I C h  OF P f  T H A N O B A C T F R I I J M  R U Y I N A N T I U M  N. SP. 

1 9 5 9 .  P I C O R R I A L  F E R M F N T O T I O Y  I N  C E R T A I N  MAMMALS 
I96C.  A P I C R C  A R T I F I C I A L  RUMEN FOR I S O T O P I C  E X P E R I M F N T S  

FORAGES 1962. P I C R C  C F T H O C S  F O R  W T R I T I V E  E V A L U A T I O N  OF R A N L E  

S 1959. R L S P O N S E  BY RUMEN P I C R O B F S  T O  PHOSPFORUS FROM O I F F E R E N T  S U P P L E M f N T  
l T E R I A L  A Y D  T H E  C O R R E L A T I O N  BETWEEN P R O T E I N  S Y N T H E S I S  A N 0  F I C R O P l f i L  4 C T I V I T I F S  / A T I O N  O F  T H E  S Y N T H F S I Z E D  M 
GES I N  T H E  I Y G R € O I E N T  C O W O S I T I O N S  OF THE RATION ON RUMEN M I C R O R I A L  P C T I V I T Y  1959. E F F E C T  OF C I N O R  C N A N  
T V U L I N I C  & L I D  O N  OIGESTIBILITYt F A T T Y  ACTD P R O U U C T I O h  &NO PICRORIAL L C T I V I T Y  I N  D A I R Y  H E I F E R S  AND WfTHEK I 
U T I C I Z A T I W  1953. M A N O M F T P I C  H f T H O D  F O Q  T H E  E V A L U A T I C N  OF P I C K O R I A L  A C T I V I T Y  O F  RUMEY W I T H  A P P L I C A T I O N  T O  
I A L  R E F E R F V C F  T O  COTTON T E X T I L E S  1951. P T C R O R l d L  O E C O M P O S I T I O Y  O F  C E L L U L O S E  - WITH SPEC 
N OF GROUPS O F  Ah lAEROBIC B A C T E R I A  A C T /  1 9 6 3 .  SYMPOSIL'F" ON P I C R O R l A L  D I G E S T I O N  I N  R U Y I N A Y T S  - I O r N T I F I C A T I O  
N F f R M E N r A T l O U  T E C H N l Q U E S  1 9 6 3 -  S Y M P O S I U V  ON C I C X C R I P L  D I G E S T I C V  I N  K l J M I N A V T S  - I N  V I T R O  R U V F  
W I T H  S P F C I A L  R E F F R E N C r  T O  THE O E C O M P O S I T I O N  S F  S T R l  1 9 4 7 .  W I C K O R I A L  D I G E S T I O N  I N  T h E  RIJMFN I AND CAECUM 1 
UMEN 1 9 6 0 .  S Y M P O S I U M  - S F L E C T E D  T O P I C S  I N  I U I C R O R I A L  FCOLOGY 1. M I C R O R I A L  ECOLOGY O F  T H F  R 

1 9 6 6 .  T H E  RUMFN AUC I T S  V I C R O R E S  

96D. S ' I *POSIUY - S f l l L T E D  T O P I C S  I N  M I C Q O R l A L  ECOLO'IY I .  C I C R G R I A I .  ECOLOGY OF THE RUMEN 1 

964. E F F E C T S  OF E S S F N T I A L  O I L S  OF 5 A G E 8 9 U ' H  ON O F F R  RUMEY P I C R O R J A C  F U N C T I L "  I 
1956-  RUMEN S T U D I E S  I N  SHE€P. 1 -  V A l l I A T I O N  I N  RlJMEN P I C R O R I A L  <NO-PROLUCTS I N  F R E E - G R A Z I N G  S H F F P  

1962. SOME FACTORS I N F L U F N C I N G  THE R U M t N  V I C R C X I A t  W P U L P I  I O N  
4. M O D I F I C A T I O N ?  3F A D F V I C E  FOR MAINTENA?4CE OF T H E  RUMEN C I C R O R l h C  P C P U L A T I O N  IN C O N T I N U O U S  C U L T U R F  96 

cow 1 9 5 9 .  ON T H E  E F F E C T  OF P H  I N  V I T R O  UPCiN THE V I C R O R I A L  PROCESSES I N  TI+ RUMEM CONTENTS O F  T H E  
1961. SOMF ASPECTS OF RUMEN P I C R O R I O L O G Y  1 9 5 6 - 1 9 6 0  

HERRAGE, AYD S T A N D A Y 0  S A M P L E S  BY C A T T L E  Ah10 SHEEP I96h. CICROOlGtSTlON OF G R b Z F D  ANNUAL FORAGE. C L I P P E O  
ONS AMONG C A T T L F  A Y D  S H E F B  I N  O X G E 5 T 1 V E  POWER MEASUPEO BY P l L R C O I G E S T I O Y  T E C H N I Q U E S  1964. V A R I A T I  
R MFASUREMEYT O F  F O R l G E  I N T A K E  O F  G R A Z I N G  L I V E S T O C K  U S I N G  U I C R C D ? C E S T I Q N  T E C H N I Q U E S  1964. A METHOD F O  

C D N O I T I D F I S  1966. C O M P A R I S C N  OF t ' ~ C K O D I G E 5 T I 0 N  T C C + N I O V C Z  UNDER R I N G E  AND D R Y L O T  
L I M I N A R Y  REPORT O V  THE STUDY OF F A C T O R S  I N F L I J F N C I Y G  RUMEN M1CRCFLCR.I  l 9 M .  A P K E  

1. HETHOO F O R  THE C U L T V R F  O F  THE B 4 C T E . I  11613. S T U U I E S  ON M I C R O F L O R A  I N  T H E  nl l M t N T A 9 V  T R A C T  OF L I V E S T O C K  
11 .  B A C T E R I A L  F L O R A  I N  THE RUMEN OF CO/ 196fl.  STUDIES ON P I C R O F L O H A  I N  T H F  A L I M E N T A R Y  T R A C T  OF L I V E S T O C K  

1965. C E L L U L A S E  FROM RIJMINOCCOCUS A I  BUS AND M I Y E D  RUMEY V I C R O O R G A N I S M S  

I 3 0  
8 6  
44 

2 
I 9 2  
I 9 7  
I65 

I?!  
2 C9 
I 2 7  
I 9 7  
I 1 4  
219 
221 

I h  
I S 7  
I 5 8  
201 
44 

7 
I30 
I 9 2  

9h 
I85 
1 I I  
I 4 5  
212 

29 
I64 
121 
I 4 9  

C A  
2 
7 

I66 
I 2 7  
1 3 8  
I65 

21 
I 7 1  
I92 
2 c2 

4 
I 9 5  
I 1 7  
I 16  
I 4 2  
130 

67 
I81 

98 

I 9 3  
33 

I 4 7  
188 
I l l  

54 
I 9 9  
1 c9 

I 0 7  
51 

3 09 
I 4 5  
I83 

34 
I18 

8 
I CR 
I OB 
224 
IS5 
217 
I85 

30 

I 70 

a9 

134 
I02 
2 rJ3 
202 
2111 
2 04 

28 
I57 
I58 
135 



1961. E F F E C T  O F  H E A T I N G  S T A R C H  O N  I T S  D I G E S T I O N  E Y  RUMEN 
6 -  I N  V I V O  A N 0  I N  V I T R O  N U T R I T I O N A L  REQUI-REMENTS O F  RUMEN 

1 9 5 6 .  P R O T F O L Y S I S  B Y  R U P E N  
1 9 6 2 .  E N U M E R A T I O Y  O F  RUMEN 

E F F E C T  O F  T H I M E T  ON I N  V I T R O  C E L L U L O S E  D I G E S T I O N  B Y  RUMEN 
AMMA R A D I A T I O N  ON T H E  U T I L I Z A T I O N  O F  WHFAT STRAW B Y  RUMEN 
T ON T H E  A C T I V I T Y  O F  S E V F H A L  E N Z Y M E S  I N  E X T R A C T S  O F  RUMEN 

T H E  N I T R O G E N  I N  SOME A M M O N I A T E 0  PRODUCTS TO D O V I N E  RUMEN 
UOY O F  C E L L U L O S E  D I G E S T I O N  B Y  WASHED S U S P E Y S I O Y S  O F  RUMEN 

T H E  O I G E S T I O Y  O F  C E L L U L O S E  I N  V I T R O  A N 0  I N  V I V O  B Y  RUMEN 
ONS UPON F A C T O R S  I N F L U E N C I N G  C E L L U L O S E  O I G E S T I O Y  B Y  
A C Y C L I N E  F E E D I N G  ON I N  V I T R O  C E L L U L O S E  O I G E S T I O N  B Y  
R A C T S  O F  F O R A G E S  ON I N  V I T R O  C E L L U L O S E  O I G E S T I C Y  B Y  
/ O F  UREA A V O  P R O T E I N  M E A L S  A S  N I T R O G E N  SOURCES FOR 
T C H E M I C b L  F O R M 5  0'4 I N  V I T R O  C E L L U L O S E  D I G E S T I O N  BY 
SOURCES 3 F  ENERGY UPON I N  V I T R O  U R E A  U T I L I Z A T I O N  B Y  
T U R E  O F  P R O T E I N  I N F L U E N C E S  U P O N  U R E A  U T I L I Z A T I O N  B Y  
T l V E  V A L U E  FROM 1 V  V I T R O  C E L L U L O S E  D I G E S T I B I L I T Y  B Y  
LOSE. STARCH. A N D  M E T A E O L I C  I N T E R M E O I A T E S  B Y  R O V I N E  
T P U R E O M Y C I V I  ON I N  V I T R O  D I G E S T I O N  OF C E L L U L O S E  B Y  

PROOIJCTS 1 9 5 4 .  IN V I T R O  C E L L U L O S E  D I G E S T I O N  B Y  

RUMEN 
RUMEN 
RUMEN 
RUMEN 
RUMEN 
RUHEN 
RUMEN 
RUMEN 
RUMEN 
RUMEN 
RUMEN 

1 9 5 2 .  RUMEN A N 0  C A E C A L  
O O S T U f F S  1'4 THE RUMEN F O R  D E T E R M I N A T I O N  O F  T H E  P A R T I C U L A Q  

1958. M I N F R A L  R E Q U I R E M E N T  O f  RUMFN 
E I N  V I T R O  C O V V E Q S I O N  OF I N O R G A N I C  N I T R O G E N  TO P R O T E I N  B Y  
I E S T A B L I S H I V G  THE V A L I D I T Y  OF I Y  V I T R O  S T L O I E S  W I T H  RUMEb 

1965. F A C T O R S  I N F L U E N C I N G  NUMBERS A N 0  K I N C S  OF 
M I T E 0  R A /  1 9 6 6 .  P E R I O D I C  CHANGES I N  T H E  C C Y C E N T R A T I O h S  OF 
E D  C I E T S  I 1966. O I U R Y A L  CHANGES I N  T H E  C O N C E N T R A T I O h S  O t  
P E T I T E  1 V l  1 9 6 6 .  O I U R N A L  C H A N G E S  I N  T H E  C D N C F N T R A T I O h S  OF 
S T E M  ON A P R O I E I N - F R E E  D I E T  1 9 5 8 .  GROWTH O F  RUM€\ 

1 9 6 1 .  A C T I V I T I E S  O F  O Q I E O  RUMEN 
G E S T I O N  3 F  T H E  C E L L U L O S E  O F  SOYE P L A N T  F R I C T I O N S  R Y  RUMEN 
S E S  AND FOQAGE C E L L U L O S E S  ON T H F I R  D I G E S T I B I L I T Y  B Y  RUMEY 
G T H E  O I G E S T I O V  OF GLUCOSE, S T A R C H  A N 0  C F L L U L O S E  B Y  RUMEN 
N ON T H E  D I G E S T I O N  O F  C E L L ~ J L O S E  I N  F O R A G E  P L A N T S  B Y  RUMEN 
T I O N  A N 0  SUBSEOUFYT R E F E E D I Y G  OY SOME A C T I V I T I E S  O F  RUMEN 
/ O F  I N O C U L A  0'4 THE I N  V I T R O  C E L L U L O S E  O I G E S T I O Y  B Y  RUMEN 

1962. I N  V I T R O  S T U D I E S  O F  RUMEN 
(JMEN F E R Y E Y T A T I O V S  1961. B I O C H E M I C A L  A N D  

1 9 5 4 .  F I B E R  OIGbSTICY U S I V G  T H E  

T H E  R A T I 3 N  ON RIJMEY M I C R O B I A L  A C T I V I T Y  1959. E F F E C T  OF 
C E L L U L O S E  D I G E S T I O N  I N  V I T R O  1 9 5 8 .  

/ O F  I N  V I T R O  C E L L U L O S E  D I G E S T I R I L I T Y  O F  U W D R I E O  A N 0  C R I E O  
1 9 6 5 .  C E L L U L A S E  FROM RUMINOCCOCUS A L B U S  AND 

1953. C A T A R O L I C  Q E A C T I O h S  O F  

I 1 9 6 6 .  THE P R E D I C T I O Y  O F  D I G E S T I R L E  E W t Q G Y  I N  P O T E N T I A L  
ON BY RIJYFY M I C R O O S /  1 9 5 1 .  I N  V I T R O  O R S E I < V A T I O N S  UPON T H E  
ACT O F  T H E  MERI'.IO S H E F P  I N  SOUTH A F R I C A  X V l .  T H E  F b T E  O F  
A L I N G  OESERT RAYGE FORAGF A S  I N F L U E N C E D  P Y  S U P P L E M E N T S  OF 
U P E N  M I C R O O R G A N I S Y S  1959. A V A I L A B I L I T Y  OF T H E  
Y r T A L S  OU T H F  A C T I V I  195U.  T H E  U T I L I Z A T I O Y  O F  NON P R C T E I N  
B Y  RIJMEY O R G 9 N I T M S  I N  V I T R O  I ~ ~ I . C E L L U L O S E I  S T A R C H  AND 

U T I L I Z A T I /  1954. C O V P A R I S O N  OF U Q E A  A N 0  P R O T E I N  M E A L S  A S  

E E F F E C T  OF V F T A L S  ON T H F  A C T I V l  1 9 5 0 .  TH' U T I L I Z A T I O N  O F  
A Y E  I T S  U S E  I Y  D E T E R M I Y I N G  O I U R N A L  V A l  1161. AN I C P R O V E O  

I N  V I T R O  D I G E S T I R I L I T Y  OF FORAGF A S  A F F E C T E D  B Y  S E A S C N  I N  
N 1965. F A C T O R S  I Y F L U C h C I N G  
I N  T H F  QUMEY OF C 3 W S  F E D  D I F F E R E N T  R A T I O Y S  1953. 

B A C T E R I A  A V D  I T S  U S F  I N  O E T E R M I N I N G  O I U K ' I A L  V A R I A T I C Y  I N  
l E S T l O N  I N  T H E  Q E T I C U L O - ' + U M t N ,  1 1 1 .  F L U C T U A T I O N S  I h  T H E  

cod s R U Y E V  1 9 4 ~ ) .  THE I N  VITRO CONVERSION o r  IYORCANIC 

/ U R I T Y  S T A G E S  O F  T I C O T H Y  H A Y  ON I T S  C H E M I C A L  C O M P O S I T I O N ,  
1 9 6 1 .  O I G E S T I V -  P H Y S 1 0 L O ' z Y  A N 0  

1963. A N  A R T I F I C I A L  RUMEN SYSTEM FOR QANGE 
1 9 5 6 .  IN v i v o  AND IN VITRO 

C E L L U L O S E  D I G E S T I O N  B Y  R U P E N  M I C R O O R G A N I S M S  SUPPORTEG R Y  
1962. M l C R O  bqETHDOS FOR 

N V I V O  A V O  I Y  V I T R O  T E C H U I Q U E S  1964. THF MEASUYEMENT O F  
EY PROCFOIJQF FOR O R T A I N T Y G  R E P E A T A B L E  E S T I M A T E S  O F  F C R A G F  
T I O N  A N 0  C H E M I C A L  S O L U B I L I T Y  METHODS I N  E S T I Y A T I N G  FORAGE 
/ I S C R E P A Y C I E S  B F T U E E N  GSASSFS A N 0  A L F A L F P I  H H F Y  E S T I M A T I N G  
N 1966. E S T I E " A T 1 O Y  O F  FCRAGE 
Y ON ITS C H E Y I C f i L  C O M P O S I T I O N ,  Y U T R I E Y T  D I G E S T I B I L I T Y  A N 0  
S U P E N  F E R M E V T A T I O V  D A T A  1960. P R E D I C T I O N  C F  T H E  
GROUND U S I V G  AN I V  V I T R O  R U V E N  F /  1962. P7EDICTIOY O F  THF 

1966. A C O M P 4 R I S O U  O F  O I F F E R F Y T  METr lODS d W l C H  E S T I V A T E  
1964. THE A R T I F I C I A L - R U M E N  T t C H N I Q U E  O F  E S T I Y A T I W G  T H E  

59.  U S E  3 F  T H E  A R T I F I C I A L  RUMEN T E C H N I Q U F  TO E S T I M A T F  T H E  
V E L O P M E Y T  A V P  U < E  O F  C H E H I C A L  METHODS F O R  D E T E R M I N I N C  T H E  

O F  A N  I U  V I T R O  F V L Y M E  D I G E S T I O N  T E C H N I Q U '  TO P R E D I C T  T H E  
1 9 6 6 .  R I O A S S A Y S  F O R  

U F N C E  O F  V A 9 I A B L E S  ON T H E  D E T E R M I N A T I O N  OF THE O l F /  1 9 6 4 .  

1 9 6 1 .  E F F E C T  OF V A R I O U S  C A T I O N S  AND C O R Y  
G Y 1964. E F F E C T S  OF E S S L N T I A L  

Y I C R O - 0 9 G A U l S M S  I N  T H E  RUMENS OF S H E E P  F C O  L I M I T E D  C I E T S  
C l G E S T l B I L I T Y  O F  F O R A G E  A S  A F F E C T E D  B Y  SEOSOY 1'4 N O R T H E R N  
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P I C R O O R G A N I S M S  
MICROORG4NXSMS 
C ICROORG A Y I S M S  
P I C R O C R G A N I S M S  
C I C R O O R G A N I S M S  
P I C R O O R G A N I S M S  
P I C R C O R G  AN I S M S  
P I C R C O R G A N J S M S  

I 9 5  

1964. T H E  
1902. E F F E C T  OF G 

1 9 6 5 .  E F F E C T  O F  D I E  
1959. A V A I I  A B I L I T Y  OF 

P I C R O O R G A N I S M S  1955. A METHOD FOR THE S T  
1961. E F F E C T  O F  S T 4 R C H  ON P I C R C O R G A N I S M S  

M I  C R O O R G A N I S M S  I 9 5 0 . P R E L I M I N A R Y  O B S E R V A T I  
M I C R O O R G A N I S M S  1956. THE E F F E C T  O F  C H L O R T F T R  
P I C R O O R G A N I S M S  1964. THE E F F E C T S  O F  WATER E X T  
I ' ICRCORGANISMS - U R E A  U T I L I Z A T I O N  AND C E L L U L O S E /  
M I C R O O R G A N I S M S  / E F F E C T  O F  PHOSPHORUS I N  O I F F E R E N  
C I C R O O R G A N I S M S  I L U E N C E  O F  D I F F E R E N T  AMOUNTS AND 
C I C R O O R G A N I S M S  I N  V I T R O  O B S E R V A T I O N S  U P O N  T H E  NA 
WICROORGANISMS / h C  A L F A L F A  YHEN E S T I M A T I N G  N U T R I  
P I C R O O R G A N I S M S  I C R T  C H A I N  F A T T Y  A C l O S  FROM C E L L U  
P I C R O O R G A N I S M S  I S  O F  F E E O S T U F F S ,  W I T H  A N 0  W I T H O U  
I ' I C R C O R G A N I S M S  ANC I T S  S T I M U L A T I O N  B Y  F I S P E R Y  BY 
W I C R O O R G A N I S M S  AS S Y M B I O Y T S  
C I C R O O R G A N I S M S  A T T A C K I N G  THFM I O F  S U S P E N D I N G  F O  
P I C R C O R G A N I S M S  FOR C E L L U L O S E  D I G E S T I O N  I N  V I T R O  
C I C R C O R G A N I S M S  FROM T H E  COW S RUMEN 1940. TH 
V I C R O O R G A N I S M S  I N  S O - C A L L E C  A R T I F I C I A L  RUMEN S /  
P I C R C O R G A N I S M S  I N  T H E  RUMEN 
P I C R C O R G A N I S M S  I N  T H E  RUMEN O F  A S H E E P  F E D  A L I  
C I C R O O R G A N I S M S  I N  TIJE RUMENS O F  S H E E P  F E C  L I M I T  
C I C R O O R G A N I S M S  I h  THE RUMENS O F  S H E E P  F E D  TO AP 
N I C R O O R G A N I S M S  I N  AN I N  V I T R O  C O N T I N U O U S  FLOW SY 
P I C R C O R G A N I S M S  I h  V I T R O  
V I C R O O R G A N I S M S  I N  V I T R O  1958. THE R A T E S  O F  0 1  
P I C R C O R G A N I S M S  I N  V I T R O  / I E S  O F  P U R I F I E D  C E L L U L O  
P I C R O O R G A N I S M S  I N  V I T R O  / S  OF V A L E R I C  A C I D  O U R I N  
C I C R O O R G A N I S M S  I N  V I T R O  / T U R I T Y  AND L I G N l F l C A T I O  
U I C R O O R G A V I S M S  I N  V I T R O  1 8 .  T H E  E F F E C T  O F  S T A R V A  
P I C R C O R G A N I S M S  SUPPORTEC P Y  N U T R l T I O N A C L Y  I N A O E /  
P I C R O O R G A N I S M S ,  U S I N G  A C O N T I N U O U S  FLOW S Y S T E P  
P I C R O S C O P I C  C O C P A R I S O N  O F  I N  V I V O  A N D  I N  V I T R O  R 
M I N A T U R E  A R T I F I C I A L  RUMCY 
C I N E R A L  R E G U I R F Y E N T  OF RUMEN M I C R O O R G A N I S C S  FOR 
C I N C R  CHANGES I N  THE I N G R E D I E N T  C O M P O S I T I O N S  O F  
F I X E 0  FORAGES T O  T H E I R  I N  V I V O  DRY M A T T E R  O I G E S l  
M I X E D  R U P E V  M I C H O C R G A N I S M S  
P'lXED S U S P E N S I O N S  O F  B O V I N E  RUMEN B A C T E R I A  

N 
I h V I l  OF F O R A G E S  U S I N G  b S I M P L E  I N  V I T R O  T E C H N I B  
h A T U R E  OF P R O T E I N  I N F L U E N C E S  UPON U R E A  U T I L I Z A T I  
N l T R 4 T E  I Y  R U M I N A L  I N G E S T A  A S  S T U D I E S  I N  V I T R O  I 
N I T R C G E h  A N 0  PHOSPHORUS I F R M E N T A T I O N  O F  SHEEP GR 
N I T R C G E N  I N  S O P E  A M P O N I A T E D  P R O D U C T S  TO R O V I N F  R 
h I T R O G E h  I N  T H F  B O V I N E  RUMEN V I .  T H E  E F F E C T  OF 
h I T R C G E N  L E V E L S  FOR M A X I M U M  C E L L U L O S E  D I G E S T I O N  
h I T R O G E h  SOURCES FOR R U Y E N  M I C R O O R G A N I S M S  - UREA 
h 1 T R O G E N  T O  P R O T E I N  @Y P I C R O - O R G A N I S M S  FROM THF 
h C h  P R O T E I N  N I T R O G E N  IN T H E  B O V I N E  R U Y E N  V I .  TH 
N C N S E L E C T I V E  C U L T U Q E  M E D I U M  F O R  R U M I N A L  B 4 C T E R I b  
hCRTHERh O N T A R I O  19h6. C H E M I C A L  C O M P O S I T I O N  AND 
h U P E E R S  A h 0  K I N C S  OF V I C R O - O Q G A N I S M S  IY T H E  RIJ"E 
h U V B E R S  A N 0  S O W E  P R E C O W I N P N T  GROUPS O F  B A C T E R I A  
h U C B E R S  OF P A C T E R I A  I Y  THE RUMEY I U Y  F O R  R U M I Y A L  
N I P R E R S  OF RUMFN PROTOZOA A N 0  T H E I R  P O S S I B L E  R O l  
h U T R I E N T  D I G E S T I P I L I T Y  ANC N U T R I T I V E  V A L U E  I N D E l  
N U T R I T I C N  OF T H E  R I J L I N A N T  
N U T R I T I C N  S T U C I F S  
h U T R I T I C N A L  R E G U I R F M E N T S  O F  RUMEN M I C R O O R G A N I S M S  
h U T R I T I C N A L L Y  I h A C F O U A T E  M E C I b  / ON T H E  I N  V I T R O  
h U T R l T I V E  E V A L U A T I C N  O F  Q I N G E  FORAGES 
h U T R I T I V E  B U A L I T Y  I Y  A B L U E G R A S S  P A S T U R E  U S I N G  I 
h U T R I T l V E  V A L U E  / 11. S I M P L I F I E D  A R T I F I C I A L  RUM 
h U T R I T I V f  V A L U E  / C O Y P A R I S O N  O F  I N  V I T R O  FERCCNTA 
h i U T R l T I V F  V A L U E  FROM 1'4 V I T R O  C E L L U L O S E  D I G E S T I l  
h U T R I T I V F  V A L U E  FROM I Y  V I T R O  C E L L U L O S E  O I G E S T I O  
N U T R I T I V F  V A L U F  I N I I E X  / R I T Y  S T A G E S  O F  T I M O T H Y  H A  
N U T Q I T I V E  V b L U E  INI 'FX O F  b FORdGE FROM I N  V I T R O  
N U T R I T I V E  V A L U F  I N C E X  OF FORAGES F F O  C H O P P E U  OR 
l r U T R I T I V F  V A L U E  CF FORAGES 
N U T R I T I V F  V A L U E  C F  F O R A G E S  
N U T R I T I V F  V A L U F  C F  F O R A C E S  I9 
N U T R I T I V E  V A L U E  CF F O R A G t S  t965. D E  
h U T R I T I V E  V A L U E  CF F O R A G F S  1 9 6 2 .  U S E  
N U T R I T I V E  V A L U E  CF I N C I V I O U A L  b L F A L F A  P L A N T S  
h U T R l T I V E  V A L U E  CF THEMEDA T R I A V D Q h  I .  T H E  I Y F L  

0 
G I L  CN C N J O E  C E L L U L C S E  C I G E S T I R I L I T Y  B Y  SHEEP 
C l L S  C F  SAGEBRtJSP ON CEER RUMEN M I C R O R I A L  F U N C T I  

C h T b R I C  1966. C H F M I C A L  C O M P O S I T I O N  A N 0  I N  V I T R O  
c h c t  o a 1 L Y  / N A L  C H A N G E S  IN THE CONCENTRATIONS CF 

i79 
i20 
2 I 5  
2 1 6  
I I 3  
167 

I O  
97 
w 
68 
38 

133 
141 
21 
88 

5 
4 0  

1 2 3  
98 
92 

140 
103 
1 I 4  
104 
272 
214  
218 
22 I 
2 I 9  
220 

1 
93 

180 
9  

52 
127 
148 
142 
31 
6 9  

I 06 
104 

51 
121 
135 

6 0  

63 
40 

I et 
152 
97 

147 
165 

2 1  
2 2 2  
147  

37 
I co 
2 1 8  

35 
37 
49 

138 
137 
2 co 
12f1 
142 
1 9 9  
174 
20 

122 
123 

4 2  
138 
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64 

150 
0 

99 
2 06 

65 
I e2 
160 

8 2  
155 
2 1 9  
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I T H E  R 3 U T I N E  O E T E R M I N A T I O Y  OF I N  V I T R O  O I G E S T I B I L I T V  OF O R G A N I C  P4TTE iE  I N  FORAGES - AN I N V E S T I G A T I O N  O F /  

N I T R O G t V  L E V E L S  FOR M A X I M U M  C E L L U L O S E  D I F 5 T I O N  R Y  RUMEN O R G A N I S P S  I N  V i T R O  I ~ ~ I - C E L L U L O S E I  S T A R C H  AND 

N ON A D I E T  O F  POOR T E F F  HAY I V 6 2 .  B A C T E R I A  OF THT CV1P.E KUUEN I .  T H F  C O M P O S I T I O N  OF T H F  P O P U L A T I O  
G C A R B O H Y O R I T E S  A V D  L A C T A T E  ON A O /  1962. B A C T E ' I I A  OF T H E  C V I N F  R l J P f N  11. TME F I J Y C T I O N A L  GROtJPS F C R M E N T I N  

P R F D O M I V A N T  T Y P E  OF C E L L I J L O S F  O I G l  1 9 6 5 .  R A C T E R I P  OF T H F  P V I N F  R U C f N  I V .  EFFECT O F  CHANGE O F  D I F T  ON THE 

1948. THE FERM'=NT4TIOY OF C E L L I J L O S F  I N  V I T R O  B Y  O R G A N I S P S  FROM T H E  R l iMEN OF S H F E P  

1948. THF COMOOSITIOR AND CUTPIJT CF S H E E P Z  S A L I V A  

T I L E  F A T T Y  A C I D S  1946. T H F  A P P L I C A T I O N  OF THE Z I L I C A  G E L  
C T E R I A  FROM THE RUMEN OF B L O A T l Y G  C A T T L F  ON L A D I N O  C L C V E R  
I S M S  I N  T H E  R? IMtYS O F  S V E E P  F E D  TO A P P E T I T E  I N  P F N S  09 A T  
H E M I C P L  C O Y P O S I T I ? N ,  R D T A N I C A L  C01 1 9 6 6 .  4N E V A L U A T I O N  OF 
1964. THE YEASUREMENT OF N U T R I T I V E  Q U A L I T Y  I N  A B L U F G R A S S  
L L U L O S F  D I G E S T I O N  ANT) V O L A T I L E  F P T T Y  A C I l  1 9 6 2 -  E F F F C T  OF 
M I C R O - O R G A N I S M S  I N  T H E  RIJCEUS OF SHEEP F E D  TO A P P E T I T E  I N  

O R G A N I S Y S  I V  T H F  QUMEN O F  A SHEEP FFO A L I M I T E D  R A /  1 9 6 6 .  
R U P F N  OF S H E F P  1 9 5 9 .  I N  V I T R O  S T U D I E S  ON T H E  E F F ' - C r  OF 

RUMEN CO\ ITEVTS OF THE COW 1 9 5 9 .  ON T H E  E F F F C T  OF 

CUE, I 196%. THF D I G E s T r R r L I T Y  OF THE L ~ A V E S  A Y D  STEPS OF 

THE I N F L U E Y C E  O F  V A R I O U S  F n C T O R S  UPON SIJRTACF T E N S f O h  AND 
SLY C U L T U R E 0  RUPEN E C O S V S T F M  1966. E F F E C T  OF 
/9. R U Y I V A I  F L O R A  S T U D I F S  I N  THF SHEEP I X .  THE E F F E C T  OF 
0 EV RATIO;  CHANGE A N 0  S F A T O N  i 9 6 0 .  R U P I Y A L  V A R I A T I O N  I N  
RDNGF FORAGE AS I V F L U F N C E D  1 Y  S U P P L E M E Y T S  OF N I T R O G T N  AVO 
L E V E L S  U P O N  I N  V I T R O  A V A I L A B I L I T Y  OF P H Y T l N  A N 0  I N O R G A N I C  
TO R U M I N A N T S  1 9 5 6 .  A L A B O R A T O R Y  T E C H Y I Q U E  FOR M F A S U R I N G  

1 9 5 9 .  RESPONSE B Y  RUMEY MICROOES T O  
R O  CELLIJLOSE D I G E S T I O N  B Y  RUMEN M I C R O O R G /  1961. E F F E C T  O F  
A B I L I T Y  3 F  P H Y T I l  1761. C O P P A R A T I V E  E F F E C T S  O F  C A L C I U C  T O  
I L E  F A T T Y  A C I O  P R O D U C T I O N  I N  V I V O  AND I N /  1963. E F F E C T  OF 
DRAGE C F L L U L O S E S  O V  T H E I R /  1959. THE I N F L U E Y C E  OF C ' R T A I N  
S T A Y O A R D I Z A T I O V  OF METHODS 1967. S T U D I E S  O Y  RUMEN 

1961. O I G f S T I V E  
HDSPHORUS R A T I O S  AND L E V t L S  UPON I N  V I T R O  A V A I L A B I L I T Y  OF 
OR THE I'd V I T R O  O F T F R M I N A T I O N  OF H E R B A G F  D I G E S T I B I L I T Y  I N  
1966. B I 3 A S S h Y S  FOR N U T R I T I V E  V A L U F  OF I N D I V l D U A L  A L F 4 L F A  
AN0 L I G N I F I C A T I O N  OY THE D I G E S T I O N  OF C F L L U L O S E  I N  F C R A C E  

195fl. C F L L U L O S E  D I G F S T I O N  I N  GOOC A N 0  
R U Y E N  I .  T H E  C O M P O S I T I O N  OF THE P O P U L A T I O N  ON A O I E T  OF 

1962. SOME F A C T O R S  I N F L U E Y C I N G  THE R U P E N  W T C R O B I A L  
L T U R E D  RUMEV E C D S V S T E Y  1966. E F F F C T  OF PH ON 
A T I O N S  OF A D E V I C E  F O R  M b I N T E N A N C E  OF THE QUMEN M I C R O B I A L  
S T U C I E S  I N  T H E  SHEEP I X .  THE E F F E C T  OF PH ON THE C I L I A T E  

1964. R A T I 3 N  C H A R A C T E R I S T I C S  I N F L U E N C I N G  RUMEN P R O T O Z O A L  
RO T E C H N I P /  f 9 6 h .  T H E  P R E O I C T I O N  OF D I G E S T I R L E  E N E R C V  I N  

1964. V A R I A T T O N S  AMONG C A T T L E  4NO SHFEP I N  D I G t S T l V E  

11 OF FORAGES U S I U G  A S I V P L E  I N  V I T R O  T F C H N I O /  1966. THE 
1966 .  THE I N  V I T R O  

AGE FROM I N  V I T R O  RUMEN F E R M E N T A T I O N  D A T A  1960. 
E 5  FEO C H O P P E D  OR GROUND U S I N G  AY I N  V I T R P  RUMEN F/ 1962. 
OWS F E D  D I F F E R F Y T  R A T I O N 5  1953. NUWAFRS AND SDME 
I OF T H F  O V I N E  RUMEN I V .  E F F E C T  OF C H A N C F  OF D I E T  O h  THE 

I N  THE RUMEN O F  S I  1 9 6 2 .  E F F E C T  OF C H A Y G I  OF D l f T  ON T H E  
P R O D U C T I O N  FROM T H E  A R T I F I C I A L  RUMEN TO F S T I Y A T t  I 1961. 

E N C I N G  RUMTV M I C R O F L O R A  1946. A 
BY RUMFY M I C R O O K G d N I S M S  A N 0  I T S  S T I M U L A T I C N  B Y  FZSH'RY B Y  
FS 1 9 5 4 .  H Y D R O L Y T I C  

V A L U E  1 9 6 2 .  R E L A T I O Y  OF C E R T A I A  END 
1 9 5 9 .  A V A I L A R I L I T V  O F  T H t  N I T R O G E N  I N  SOME APIMONIATFD 

N V I T R O  D I G E S T I B I L I T Y  OF W H O L t  C R A S S F S  AND T H F I R  P A 3 T S  AT  
D A R T I F I C I A L  RU'4FV O E S I G V F D  FOR C O N T I N U O U S  CONTROL D U R I N G  

1951. THE Y E C H A N I S M  OF P R O P I O N I C  A C I O  F O R F A T I C N  B Y  
1951. THE M E C H A N I S P  OF 

S 1951. THE M E C H A N I S P  OF 
1951. I S O L A T I O N  OF A B A C T E R I U M ,  P R O D U C I N G  

L - F E D  B E E F  / 1961. V O L A T I L E  F A T T Y  A C I D  CClVCENTRATIOYS AND 
1940. THE I N  V I T R O  C O N V E R S I O N  OF I N O R G I N I C  N I T R O G F N  T O  

l U E N C E  OF V A R I A R I E S  ON T H E  O E T F R M I N A T I O Y  OF THE D I F F E R E N T  
A I Y  T H F  B O V I N E  RUYEN 111. THE S Y N T H E S I S  AND RREAKOOknl  O F  
N M I C R O O R l  1951 .  IV V I T R O  O B S E R V A T I O N S  UPCN THF N A T U R E  OF 
O O R G A N I S Y S  - URFA U T I L I Z A T I /  1954. C O M P A R I S O N  OF U R F A  AND 
F E C T  OF M E T A L S  ON T H E  A C T I V /  IPSO. THE U T I L I Z A T I O N  OF NON 
Y OF THE S V V T H E S I Z E O  M A T r R I A L  AND THE C O R R E L A T I O N  B F T U E E N  
M I C R O O R G A Y I S Y S  IY AN I N  V I T R O  C O U T I o l U O U S  FLOW S Y S T E U  CN P 

1956 .  
T I C U L O - R U N E Y e  111. F L U C T U A T I O N S  I N  THE "IUMRERS OF RUMEN 

& S S O C I A T E O  F F F F C T S  AS F A C T O R S  I N F L U E N C I N G  M F T A l 3 0 1 1 S P  A N 0  
1944. T H E  S I G Y I F I C A N C E  OF THE P A C T E R I A  ANC THE 

H T  G A I N S  I N  L A M R S  1965. I N F L U F N C E  OF 

2. BACTERIA O F  THE OVINE RUMEN I .  THE COVPOSITION OF r t i E  

1962. USE OF A Y  I N  VITRO ENZYME DIGESTION TECHNIQUE T O  

1964. R A T I O N  C H A R A C T E R I S T I C S  I N F L U E N C I N G  RUMEN 
ORAGE C E L L U L O S E  D I G E S T I B I L I T Y  1 9 6 5 -  A 

1960. SOME A S P E C T S  OF R U M I N A L  M E T A R O L I S M  R E V E A L E D  BY 
D E G R A D A T I O V  AND U T I L I Z A T I O Y  OF I S O L A T E D  HFMI-CELLULO' iE BY 
E 1963. THE C E L L U L O L Y T I C  A C T I V I T Y  OF 
1RI 1959. THE I N F L U E N C E  OF C F R T A I N  P H Y S I C A L  P R O P E R T I t S  OF 

P 
P A R T I T I C N  CHROPATCGRAM T O  THE E S T I M A T I O N  OF VOLA 
P A S T U R E  1 9 6 2 ,  I S O L A T I O N  OF S A P O N I N  D I G E S T I N G  84 
PASTLIRE /FS I N  THE C O N C E N T R A T I O N S  OF MICRO-ORGAN 
P A S T U R E  G U A L I T Y  W I T H  YOUNG G R A Z I N G  SHEEP,  11. C 
P A S T U R t  U S I N G  1 Y  V I V O  A N 0  I N  V I T R O  T E C H N I Q U E S  
P F L L E T I N G  A L F A L F A  CN I N  V I T R O  GAS P R O O U C T I O Y I  C E  
P F N S  OR AT P A S T U R E  I E S  I N  THE C O N C E N T R A T I O N S  OF 
P E R E N N I P L  RYEGRASS, C O C K S F O O T t  T I I l O T H Y l  T A L L  F E S  
P E R I O D I C  CHANGFS I N  THE C O N C E N T R A T I O N S  OF PICRC- 
PH AN0 OF G L U C O S E  P N  AMMONIA A C C U M U L A T I O N  I N  THE 
PH I N  V I T R O  U P O N  T H F  M I C R O R I A L  P R O C E S S E S  IN THF 
Pt- OF RUMEN F L U I D  1957. 
PH Oh  P C P U L A T I O N  A U C  F E R M E N T A T I O N  I N  A CO'r lTlNIJOU 

Ph, T E Y P F R A T U K F  ANC I N  V I T R O  A C T I V I T Y  AS 4 F F E C T E  
PHOSPHORUS / E R M t N T A T I O N  O F  SHEFP G R A Z I N G  O F S F R T  
PMCSPHORUS / O F  C A L C I U M  TO PHOSPHORUS R A T I O S  AND 
PHCSPHORUS A V A I L A B I L I T V  OF F E F O  S U P P L E V E N T S  F E O  
PHCSPHCRVS F R O P  C I F F E R E N T  S U P P L E M E N T S  
PHOSPHORUS I N  D I F F F R E N T  C H E M I C A L  FORMS O N  I N  V I 1  
PHOSPHORUS R A T I O S  ANC L E V F L S  UPON I N  V I T R O  A V A I L  
P H Y S I C A L  FORM OF R A T I O N  UPON D I G E S T I O N  A N 0  V O L A 1  
P H Y S I C A L  P R C P E R T I E S  OF P U R I F I E O  C E L L U L O S E S  A N D  F 
P t - Y S I O L O G Y  I .  GROWTH O F  F I S T U L A T E D  A N I M A L S  AND 
P H Y S I O L O G Y  A N D  N U T R I T I O N  OF T H E  R U M I N d N T  
P H Y T I N  AN0 I N O R G A N I C  PHOSPHORUS /OF C A L C I U M  TO P 
P L A N T - R H E E O I N G  S T U D I E S  1966. A M O O I F I F O  METHOO F 
P L A N T S  
PLAFITS BY RUMEY Y I C R O O R G A N I S M S  I N  V I T R O  / T U R I T Y  
PCOR Q U A L I T Y  ROUGHAGES U S I N G  AN A R T I F I C I A L  RUMEN 
POOR T E F F  HAY 1962. B A C T E R I A  O F  THE O V I N E  
P C P U L A T I O N  
P C P U L P T I C N  AND F E R P E N T A T I O N  I N  A C O N T I N U O U S L Y  C U  
P O P U L A T I O N  I N  C O N T I N U O U S  C U L T U R E  964. P O O I F I C  
P O P U L A T I C Y  OF T H E  RUMEN I N  V I V O  I R U M I N A L  F L O R A  
P O P U L A T I C N  ON A D I E T  OF POOR T E F F  HAY I96 
P C P U L P T  I O N S  
P O T E N T I A L  I N V I I  OF  FORAGES U S I N G  A S I M P L E  IN V I T  
POUER P F A S U R E O  BY M I C R O O I G F S T I O N  T E C H N I Q U E S  
P R E D I C T  THE N U T R I T I V E  V A L U E  OF FORAGES 
P R E O I C T I C N  OF O I G E S T I 6 L E  ENERGY I N  P O T E N T I A L  I N V  
P R E D I C T I C N  OF HERBAGE O I G E S T I B I L I T Y  
P R E D I C T I C N  OF T H E  N U T R I T I V F  V A L U E  I N D E X  O F  A FOR 
P R E D I C T I C N  OF T H E  N U T R I T I V E  VALUE I N O F X  OF FORAG 
P R E D C P I N A N T  GROUPS OF R A C T E R I A  I N  THE RUMEN OF C 
P R E D C P I N A N T  T Y P E  OF C E L L U L O S E  D I G F S T I N G  B A C T E R I l  
P R E O O V I h A Y T  T Y P E  OF C E L L U L O S E  D I G F S T I N G  R A C T E R I A  
P R E L I V I R A R Y  O B S E R V d T I O N S  ON T U F  UST O F  TOTAL GAS 
P R E L I M I N A R Y  REPORT ON T H F  S T V D Y  O F  F A C T O R S  I N F L U  
PRODUCTS I 9 5 4 e  I N  V I T R O  C F L L U L O S E  D I G E S T I O N  
P 1 0 0 U C T ' i  Of C E L L U L O S E  AND T H E  C E L L U L O L Y T I C  E N Z Y P  
PRODUCTS OF RUI.'EI\ F E R M E N T A T I O N  TO F O R A G E  F E E D I N G  
PRCOUCTS TO B O V I N E  RUMEN M I C R O O R G A N I S M S  

1 9 6 3 .  THE I P R O G R F S S I V t  S T A G F S  OF M A T U R I T Y  
PROLONGFO O P E R A T I O Y  / e .  E V A L U A T I O N  OF AN IMPROVE 
P R O P I O N I P d C T E R T P  
P R C P I O N I C  d C I C  F O R P d T I O N  RY P R O P I O N I R A C T E K I A  
P R O P C O N I C  A C l C  F O R P A T I O N  8 Y  V E I L L O Y E L L A  G 4 7 0 G E N E  
P R O P I O N I C  A C I D .  FROM THE RUMEN OF S H E E P  
P R O P O R T I C N S  I N  T H E  G A S T R O I N T E S T I N A L  T R A C T  OF F U L  
P R C T E I N  BY M I C R O - C R G A N I S M S  FROM T H F  COW S RUMEN 
P R O T E I N  F S A C T I O N S  I Y  F O R I G E S  A N 0  ON T H E  I N  V I T R l  
P R O T E I Y  I N  R U M E N  I Y G E S T A  / T H E  U T I L I Z A T I O N  OF URE 
P R O T E I N  I N F L U F N C E S  UPON U R E A  U T I L I Z A T I O N  RV RUPF 
P R O T E I N  P E b L 5  4 5  N I T R O G E N  SOURCFS FOR IRUMEN P I C R  
P R C T E I N  N I T R O G E N  I N  THE B O V I N F  RUMEN V I .  THE FF 
P R O T F I N  S Y N T H E S I S  4ND M I C R O B I A L  A C T I V I T I E S  14110  
P R O T E I N - F R t E  D I F l  1958. GROWTH OF RUMEN 
P R C T E O L Y S I S  BY R U P r N  M I C R O - O R G A N I S M S  
PROTOZOA AND T H F I R  P O S S I B L E  R O L E  I N  B L O A T  /HE R E  
PROTOZOA C O N C E N T R d T I O N C  I N  T H E  RUMEN O F  S H E E P  /O 
PRCTO7OA OF THE RUMEN O F  T H E  B O V I N F  
PROTOZOA UPON R U P E N  A C I D  P R O O U C T I O N  A N D  L I V E W E I G  
P R O T O l O A L  P O P U L A T I O Y S  
PURF C U L T U R E  I N O C U L U M  MElHOO FOR E V A L U A T I O N  OF F 
P ? I H t  C U L T U R E  S T I J C I E S  O F  T H E  I N D I G E N O U S  F L O R A  
PURE C l J l T U R F S  OF C F L L I J L O T I C  RIJMEN R A C T E R I A  /5 .  
PIJRE S T R A I N S  OF E A C T E R I A  FROM THL- RUMEN OF C A T T L  
P U R I F I F O  C E L L U L O S E S  AN0 F O R A G F  C E L L U L O S E S  ON THE 

PH ON THF c I L I A r E  POPULATION OF THE RUYEN IN VI/ 
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D PRODUCTIOV I N  THE A R T I F I C I A L  ;RUMEN A S  I Y O I C E S  O F  FORAGE Q U A L I T Y  / DRY MATTER L O S S  &NO V O L A T I L E  F A T T Y  A C I  
O U C T I O N  FRO‘I TtiC A R T I F I C I A L  RUMEN TO E S T I M A T E  A L F A L F A  H A Y  Q U A L I T Y  / R S E R V A T I O N S  ON THE U S E  O F  T O T A L  GAS PRO 

I N  V I T R O  T E C H N I Q U E S  1964 .  THE MEASUREPENT OF N U T K I T I V E  Q U A L I T Y  I N  A BLUEGRASS P A S T U R E  U S I N G  I N  V I V O  AND 
1 9 5 0 .  C E L L U L O S E  O I G E S T I O N  I N  GOOD AND POOR Q U A L I T Y  ROUGHLGES U S I N G  A N  A R T I F I C I A L  RUMEN 

C O M P O S I T I O N t  B O T A Y I C A L  C O /  1966. AN E V A L U A T I O N  O F  PASTURE Q U A L I T Y  W I T H  YOUNG G R A Z I N G  SHEFP, 11. C H E M I C A L  
I T I C U L O  RUMEY 1. T O T A L  REMOVAL A N 0  R E T U R Y  OF D I G E S T A  F O R  P U A N T I T A T I V E  S A M P L I N G  I N  S T U D I E S  OF O I G E S T I O N  I /  

0-RUMEN, 111. F L U C T U A T I O N S  I N  THE NUMREKS O F  R U /  1965- Q U 4 N T I T A T I V E  S T U C I E S  OF D I G E S T I O N  I N  THE R E T I C U L  
o RuWrN I .  T O T A L  R E M O V A L  AND RETURN OF OIGESTA FO/ 1 9 6 5 .  QUANTITATIVE STUCIES OF DIGESTION IN THE RETICUL 

R 
WHEN MICSOORGAY I S M S  1962. E F F E C T  O F  GIMMA R A D I A T I O N  ON T H E  U T I L I Z A T I O N  O F  WHEAT STRAW B Y  R 

I N F L U E N C E D  BY E T H Y L  ALCOHOL 1 9 5 9 .  T H E  R A T E  A N 0  M A G N I T U C E  OF O I G E S T I O N  O F  A ROUGHAGE AS 
T F R A C T I O N S  B Y  RUMEN M I C R O O R G A N I S M S  I N  V I T R O  195R. T H E  R A T E S  OF O I G E S T I C N  O F  T H E  C E L L U L O S E  OF SOPE P L A N  
H E  RUMCY 1 9 6 5 -  T H E  R A T F S  OF P R O D U C T I O N  OF V O L A T I L E  F A T T Y  A C I D S  I N  T 
N I N  PHI TEYPERATURE 4 N 0  I N  V I T R O  A C T I V I T Y  AS A F F E C T E O  B Y  R A T I O N  CHANGE ANC SEASON 1960. R U M I N A L  V A R I A T I O  
A L  P O P U L A T I O N S  1 9 6 4 .  R A T I C N  C H A R A C T F R I S T I C S  I N F L U E N C I N G  RUMFN PROTOZO 
ECHNIOUE.  W I T H  S T U D I E S  ON T H E  R E L A T I V E  VALUE OF D I F F E R E N T  R A T I C N  C O N S T I T U E N T S  / I N  V I T R O  A R T I F I C I A L  RUMEV T 

OF MICRO-ORGANISMS I N  T H E  RUMEN OF A SHErP F E D  A L I V I T E O  R A T I C N  EVERY THREE HOURS / I N  THT C O N C E N T R A T I O N S  
57.  THC I N F L U E N C E  OF S O D I U M  B E N r O N I T E  IN V I T R O  A N 0  I N  T H E  R A T I O N  OF S T E E R S  I 9  
C T  OF M I Y O R  CHAUGES I N  T H E  I N G R E D I E N T  C O M P O S I T I O N S  OF T H E  R A T I O N  CN RUMEN P I C R O E I b L  A C T I V I T Y  1959. E F F E  
O D U C T I O V  I N  V I V O  A N 0  I N /  1963. E F F E C T  OF P H Y S I C A L  FORP OF R A T I C N  UPON D I G E S T I O N  A N 0  V O L A T I L E  F A T T Y  A C l O  PR 
ANT GROUPS O F  B P C T E R I A  IN T H E  RUMEN OF CONS F E D  D I F F E R E N T  R A T I C N S  1 9 5 3 .  NUMBERS A N 0  SOME P R E O O Y I N  
K 11.  B A C T E R I A L  F L O R A  I N  T H E  RUYEN O F  COkS F E D  D I F F E R E Y T  R A T I O N S  /ORA I N  THE A L I M E N T A R Y  TRACT OF L I V E S T O C  
P H Y T I l  1961. C O M P A R A T I V E  E F F E C T S  OF C A L C I U M  T O  PHOSPHORUS R A T I O S  AND L E V E L S  UPON I N  V I T R O  A V A I L A R I L I T Y  OF 

ACT E R I  A 1953. C A T A B O L I C  R E A C T I O N S  OF M I X E C  S U S P F N S I O N S  O F  B O V I N E  RtJMEN B 
E C H N I Q U E S  A V D  T P E  E F F E C T S  OF O I E T  UPON T H t  P R O D U C T I O h  A N 0  R E C Y C L I h G  OF RUMEN V O L A T I L E  F A T T Y  A C I D S  / V I T R O  T 
I S M S  I N  V I /  1958. T H E  E F F E C T  OF S T A R V A T I O N  A N 0  SUBSEQUENT R E F E E C I N C  ON SOME A C T I V I T I E S  O f  RUMEN MICROORGAN 

11. S I Y P L I F I E n  A R T I F I C I A L  RUMEN PROCEOURE FOR O B T A I N I N G  R F P E A T A P L E  E S T I P A T F S  OF FORAGE N U T R I T I V E  V A L U E  / 
F F E R E N T  SUPPLEMENTS 1959. RFSPCNSE B Y  R U P f N  MICROBES TO PHOSPHORUS r R O M  D I  
I G E S T A  F 3 /  1 9 6 5 .  3 U h N T I T A T I V E  S T U D I E S  OF L I G E S T I O N  I N  T H E  R E T I C U L C  RI lCEN I .  T O T A L  REMOVAL AN0 R E T U R N  OF 0 

FOR Q U A Y T I T A T I V E  S A M P L I N G  I N  S T U D I E S  OF D I G E S T I O N  I N  THE R F T I C U L G  RUCEN OF C 4 T T L E  / A N 0  RETUQN OF O I G E S T A  
RS OF RU/  1 7 6 5 .  P U A N T I T A T I V E  S T U D I E S  OF r I G E S T l O N  I h  T H E  R F T I C U L C - R U P E N ,  I l l -  F L U C T U A T I O N S  I N  T H E  NUMBE 
/ O F  D l G E S T I O N  I Y  T H E  R E T I C U L O  R U Y E N  1. TOTAL REMOVAL A N 0  RFTURN OF O I G E S T A  FOR O U A N T I T A T I V E  S A M P L I N G  I N  / 
US FLORA 1 9 6 0 .  SOMC A S P E C T S  OF R U P I N A L  M E T A R C L l S M  R E V E A L E C  PY P U R E  C U L T U R t  S T U D I E S  OF T H E  I N D l G F N O  

1961. R E A C T I O N S  I N  T H E  RUPEN 

1959 .  THE R A T E  A N 0  M 4 G N I T U O E  OF O I G E S T I O U  OF A RCUGHAGF AS I N F L U E Y C E C  BY E T H Y L  ALCOHOL 
1 9 5 9 .  THE I N  V I T R O  D I G E S T I C N  OF ROUGHAGE DRY MATTER 

1950. C E L L U L O S E  D I G E S T I O N  I N  G O O 0  I N 0  POOR D U A L I T Y  RCUGHPGTS U S I N G  AN A R T I F I C I A L  RUMEY 
1961. R E A C T I O N S  I N  T H E  RUVEY 

1 9 5 7 .  T H E  B A C T E R I O L O G Y  OF THE A R T I F I C I A L  R U V E h  
1 9 6 1 .  A S T R I N G E N T  T E S T  FOR THE A R T I F I C I A L  R U P E h  

19511. F I B E R  D I G E S T I O N  U S I N G  THE M I N A T U R F  A R T I F I C I A L  RUPEN 
5. T H E  R A T E S  OF P R O D U C T I O N  OF V O L A T I L E  F A T T Y  A C I D S  I N  T H E  9UYF9 I 9 6  
Y FACTORS A F F E C T I V G  V O L A T I L E  F A T T Y  A C I D  P R O D U C T I O N  I h  THF RUPEZ 1 9 6 2 .  O I E T A R  
S I N F L U E V C I U G  UUM9ERS AND K I N D S  OF M I C R O - O R G A N I S P S  l h  T H E  RUWEN 1965.  FACTOR 
I C A T I O N S  AND K I U E T I C  CHAVGES I N  THE I N Z F S T A  OF THE R C V I N E  RUPTN 1 9 5 6 .  S T R A T I F  
F A T T Y  ACID GROWTH r A c T o a  FOR C E L L u L o L Y T i c  COCCI OF RCVINE R I J V ~ Y  1 9 5 8 .  V O L A T I L E  
ON I N  G 0 3 D  AND POOR Q U A L I T Y  ROUGHAGES U S I N G  AN A R T I F I C I A L  UUPEN 1 9 5 0 .  C E L L U L O S E  D I G E S T 1  
TOPICS I N  Y I C R P B I A L  ECOLOGY I .  M I C R O B I A L  ECOLOGY ?F T H E  R U P E N  1960. S Y P P O S i U M  - S E L E C T E D  

S E  AND D I G E S T I B I L I T Y  O F  r l ICOSTUFF C E L L U L O S E  I V  THE R O V I N E  RUPEN 1960. C R Y S T A L L I N I T Y  OF C E L L U L O  
ON OF A H E M I C E L L U L O S E  FtRFlEI. ITING R A C T E R I U Y  FROM T H E  SHCCP RUPEN 961. I S O L A T I O N  A N 0  C H A R A C T E R I L A T I  
N I C  N I T R 3 G E U  10 P R O T F I N  BY WICRO-ORGANISMS FROM T H E  CCW 5 U U P E h  1940. T b F  I N  V I T R O  C O Y V E R S I O V  OF INORGA 

D I E T  OF P 0 3 R  T E F F  HAY 1 9 6 2 .  B A C T E q I A  OF T H E  C V J N E  RlJPEN 1.  THE O P P O S I T I O N  OF T H E  P O P U L A T I O N  ON A 
I 1 9 6 5 .  a U A U T I T A T I V E  S T U D I E S  OF O I G E S T I O Y  I N  THE 9 E T I C U L 9  RlJPEN I .  T O T l  REPOVAL ANC RETURN OF C I G E S T A  F O  

OHYCRATES AYD L A C T A T E  OY A D /  1 9 6 2 .  B A C T E R I A  OF T H E  C V I N E  RUPEN 11. THE F U N C T I O N A L  GROUPS F E R P E N T I U G  CARE 
l J A T I C  E X T R A C T S  n F  FORAGF ON THE GtlOWTH OF R A C T E R I A  OF T H E  R l l P E N  I N  F R E N C H  / L U E N C E  OF T H E  E X T R A C T I O N  OF AC 
N V I V O T  3 N  T H E  C E L L U L O L Y T I C  A C T I V I T Y  OF THE H F A R T  B E A T  O F  RUPEN I N  I T A L l A h  /OF  S A C C H A R I C E l  I V  V I T R O  A N 0  1 
P I h A N T  T Y P E  O F  C E L L U L O S E  D I G /  1965. B A C T F R I A  OF THE C V I N E  RUP‘Ch IV .  E F F E C T  OF C H A N G t  O F  O I E T  ON T H E  PREDO 
R I A L  A N 0  THE/  1 9 4 4 .  THE U T I L I Z A T I O N  OF l l Q t A  I N  THE R C V I N E  RIJCER I V ,  T H E  I S C L A T I U N  OF T H E  S Y N T H E S I Z E 0  P A T E  
I O -  T H E  U T I L I Z A T I O V  OF YON P R O T E I N  N I T R O G G N  I N  T H E  P C V I N E  RUPEN V I .  T H E  E F F F C T  O F  N t T A L S  OU THE A C T I V I T Y /  
HE C E C O W P O S I T I O ’ ~  OF S T R /  1 9 4 7 .  Y I C R O B I A L  I I G F S T I O N  l h  T H E  RUPEN I AND CAECUP 1 W I T H  S P E C I h L  R E F E R E N C F  TO T 

N T I F I C A T I O U  OF GROUPS OF A N A E R O B I C  R A C T F R I A  4 C T I V E  l h  T H E  RUPEN / C N  M I C R O P I d L  C I G E S T I O N  I N  * U M I Y I N T S  - I O E  
F L I V E S T 3 C K  I .  METHOD FOR T H E  C U L T U R E  QF THF R A L T E i l I A  I N  RUPEN / S  ON M I C R C F L O R A  I N  T H t  A L I M E N T A R Y  TRACT 0 
T E R P I N I Y G  D I U R N A L  V A R I A T I O N  I N  NUYRERS “F B A C T E R I A  I h  T H E  RUPEN /UC FOR R U M I N A L  R A C T E R I A  A N 0  I T S  USF I Y  DE 
Y P S  1965. I V F L U E N C F  OF P R O T O Z O A  UPOY RUPEN A C I D  P R O D U C T I O N  AND L I V E Y F I G H T  G A I N S  I N  L A  

1 9 4 5 .  T H E  U T I L I Z A T I O N  OF U R r A  I N  T H E  B r V I N E  RUPEN 11. THE C C N V E R S I O N  O F  UREA T O  AMMONIA 

1962. M O D I F I E D  I N  V I V O  A S T I F I C I A L  RUPEN I V I V A R  1 T E C H N I Q U E S  

1 9 5 2 .  U U P E h  A h C  C b E C A L  V I C R C O R G A N I S M S  A S  S Y Y D I O N T S  
1966. T H E  R lJPEh  AND I T S  P I C U C R E S  

L O S S  A Y O  V O L A T I L E  F A T T Y  A C I D  P R O O U C T I O N  I Y  T H E  A R T I f I C I A L  RUPFA AS I N D I C E S  OF FORAGE Q U A L I T Y  / DRY MATTER 
1 9 5 3 .  C P T P R O L I T  R E A C T I O Y S  OF M I X E D  S U S P E Y S I O N S  O F  @ C V I N E  R U P E h  B A C T E R I A  

195C. T H E  O F C A R B O X Y L A T I O Y  OF S U C C I N I C  A C I D  B Y  WASHE? S U S P E N S I O h S  OF UUPEN A A C T E R I P  
AN IN V I T R 9  SYSTEM T O  T H F  STUDY OF STARCH F E Q N E N T A T I C h  B Y  UUPEN R A C T E R I A  1967. A O P P T A T I O N  OF 
VE UUYE’V V I .  T H E  E F F E C T  OF M E T q L S  ON THE A C T I V I T Y  OF THE RIIPEN B P C T E R I A  l N O N  P R O T E I N  N I T R O G E N  I N  T H E  P O V I  
DT I S O L B T E D  H E M I - C E L L U L O Z E  B Y  PURE C U L T I J R t S  1 F  C E L L U L C T I C  RUPFN R A C T E R I A  1 5 .  D E G R A D A T I O N  A N 0  U T I L I Z A T I O N  
G A T I O N  1 9 6 0 .  S T U D I E S  W I T H  THE C E L L U L O L Y T I C  F R A C T I C h  OF R U P t h  B A C T E R I A  O e T A I N E D  PY P I F F E R E N T I A L  C T N T R I F U  

1 9 5 6 .  FACTORS I N F L I E N C I N G  I N  V I T R O  RlJPFN C E L L U L O S E  C I G E S T I O N  
METHOD ’IF A S S E S S I Y G  F R E F - L I V I Y G  A N 0  ATTACHED B A C T E P I A  I N  RUCFN CCVTENT 1 9 6 4 .  A 

T Y  CULTURAL I Y V E S T I G A T I O N S  OF T H t  R A C T F R I O L O G Y  OF S C V I N E  R U P E h  CCNTENTS 1952. T E C H N I Q U F 5  F f J P L O Y t U  
F F F E C T  OF P H  I N  V I T R O  UPON THE M I C R O B I A L  PROCESSES I h  T H E  RUVEN C C N T E h T S  C’F T H E  COW 1 9 5 9 .  ON THE 
L O Y G F D  D P E R I T /  1960. E V A L U A T I O N  OF AN I P P Q O V C O  A R T I F I C I A L  UUPEN O E S I G h E O  FCU C O V T I Y U O U S  CONTROL D U R I N G  PRO 

1 9 4 9 .  A Y E h  METHOD FOR THE STUDY I N  V I T R O  OF U U V E h  D I G F S T I O N  
1 9 4 7 .  ULCFR D I G E S T I O N  S T U D I E S  

ON P O P U L A T I O Y  AVO F E R V E N T A T I O N  I Y  A C O N T I V U O U S L Y  C U L T L Q E O  RUClEh ECOSYSTEM 1 9 6 6 .  E F F E C T  OF PH 
1961- C Q Y T I N U O U S  CULTURE A S  A MFTHOD FOR S T U C Y I N G  RUVEN r E R V E h T d T I C h  

1 9 6 ” -  E F F E C T  Ob I L V E R A L  V A R T A 7 L E S  ON I N  V I T R O  RUVEN F E R N E N T A T I C Y  
OY OF THE Y U T Q I T I V F  V A L U F  I Y D E X  OF A F O R A , €  FROM I N  V I T R O  RlJPEN F E R C F k T P T I C N  CPTA 1960. P R E D I C T 1  

I Y C E X  OF FCIRAGES F E D  CHOPPED O R  GROUYO UCING AN I h l  V I T R O  R L P E h  F E R C E N T A T I C h  METHOD / F  T H E  U U T R I T I V F  V A L U E  
1960. A C C M P I \ R I S O N  OF T H E  R U Y E h  F F R ” F N T b T 1 C h  I N  FUROPEAY A N 0  Z E B U  C A T T L E  

1 
I O 1  
I 7 4  

39 
65 

I 7 3  
1 7 3  

4 9  

I67 
96 

1 EO 
83 
I25 

4 5  
I 9 0  
2 2 1  

7 4  
51 

22s 
35 
I 58 

l a  
17 
60  
32 

1 4 R  
20 
8 9  

I 7 3  
I 7 3  

4 9  
I 7 3  
33 
96 

212 
39 
17 
7 9  
8 4  

I 0 6  
83 

I 7 2  
2 1 B  
I I39 

3 
39 

I OR 
I 9 6  
210 
2 22 

A0 
I 7 3  
I 6 2  
130 

75 
27 
8 1  

I 8 7  
1 4 7  

R 
7 6  
31+ 

I 5 7  
37 
4 4  

1 0 3  
IO9 

7 
60 
73 

I 5 1  
I 4 7  

56 
5 7  

I 0 5  
I 5 3  
61 

I 3 4  
53  

I 3 9  
87 

I 811 
I 9 1  

4 6  
62 

I 1 0  
6 4  



65 

1964. C O M P h R l S O N  O F  I N  V I T R O  RUPEh F E R P E h T A T I C N  PETHODS 

1 9 6 6 .  C O L L P R ^ R A T I V E  I N  V I T R O  RUPER F E R M F N T A T I C N  S T U D I F S  ON FORAGE S U B S T R d T E S  
FORAGE A S  I Y f L ~ J i Y C F D  B Y  / 1965. I U D I C F S  OF E F F I C I E h f Y  OF RUPEN F E 9 u f N T A T 1 0 h  O r  S H F F P  G R A Z I N G  D F C f R T  RANGE 

1966. T l i F  O E V E L 0 " P E N T  A N 0  A P P L I C A T I O Y  O F  I N  V I T R O  RIJCEN F E P P F N T n T I C h  T E C H N I Q U E S  
S Y M P O S I U M  D N  Y I C R O H I A L  D I G F S T T O V  I Y  R IJMI ' iANTS - I N  V I T H O  KUFEN F E R t ' t N T A T I O N  T E C H N I O U F S  1 9 6 3 .  

AGk D I G E S T I R I L I  I Y  A N 0  I N T A K F  1965. U ~ F  OF I r J  VITRC RUCEL C L V F ~ T ~ T I C N  TFCHNIOUES FOR FSTIMATING FOR 
1 9 6 2 ,  R F l A T I O N  OF C E R T A I H  F N O  PRODUCTS OF R U P t N  F f 9 V t N T A T I C h  TO FORAGC F E E O I Y G  V l l l U r  

L M I C A L  AVO Y I C R O S C O P I C  C O P P A R I S O N  OF 1'4 V I V O  bND I N  V I T R O  R U P F N  F E R C F N T d T I C h S  1 9 6 1 .  R I O C H  
T E R 1 7 A T I 3 N  3F S E V E R A L  C E L L U L O L Y T I C  B A C T t ' l r A  FROY I N  V I T R O  RIJWEV F F 9 C F h T A T I C h S  1 9 6 3 .  IS01 A T I O N  A N 0  CHARAC 
9 Y A Y E  AVO COVTIUIJ3 I15  F L O d  T Y P E S  O r  A P P A Q A T U S  FOR I N  V I T R O  RlJuFN F E R P t Y T d T I C N 5  /LL G L A S S ?  S E M I P F R M E A R L F  M€M 

F L U E N C E  3F V A R I O I J S  F A C T O R S  UPON S U R F A C F  TFNSIOU AYC Ft i  OF R U P t h  F L U T O  1 9 5 7 .  T H E  I N  

/ T A T I O N S  O F  THE T E C H N I Q I J E  OF S U S P E Y D I N G  F C D U S T U F F S  IF, T H F  RUPEN F C R  O E T F R M I N f i T I O N  O F  T H E  P A R T I C U L A R  M I C R O /  

I iURE%G 1 9 6 h .  C I I L T U R E  OF T H E  RUPEN H C L O T R I C H  C I L I A T F  C A S Y T R I C H A  R U M I N A T I U P  SC 
M I N  RUMEY I /  1 9 4 3 .  T H E  U T I L I Z A T I O N  OF URFA I N  THE B C V I N E  RUVEN 111. T H E  S Y N T H E S I S  AVO BREAKDOWN O F  P R O T E I  
F P  IX .  THE F F F C C T  OF P t i  ON THE C I L I A T E  Y r l P U L 4 T I O N  OF THE RUPEN I h  V I V O  ! R U M I N d L  F L O R A  C T U D I E S  I N  THE SHE 
V I N t  RUMFY 111. T H E  S Y N T H E S I S  PND B R F A K O O i i N  OF P R O T f  I N  I N  RUPEN I h G F S T A  I T P E  U T I L I Z A T I O N  O F  URFA I N  THE RO 
ER AND C E L L I J L D S F  O I G E S T I 4 I L I T Y  A N 0  P R O D /  1967. A R T I F I C I A L  RIJPFN I h V E 5 T I G A T I C N S  1. V A R I A B I L I T Y  O F  DRY P A T T  
N V I T R O  A V O  I N  V I V O  M F A S U R E S  OF D I G F S T I /  1 9 6 2 .  A R T I F I C I A L  RUPFN I N V E S T I G 4 T I G R S  11. C O R R E L A T I O N S  RETWEEY I 
S ON T H E  P R 3 O U C T I D N  OF V O L A T I L E  F A T T Y  4 C I O S  FROM G R b S S  B Y  RIJPEN L I C I J O R  I N  AN A R T I F I C I A L  RUMFN 1957. S T U O I E  

1955. A S l M P L I N S  TbPE F O 9  RUPEN F L I U I D  

B A C T F R O I O E S - S U C C I V ~ G F U E S  I N  THF VOLATILE ficin FRACTIGV OF RUPEN FLUID / A C T O R S  N E C F S S A R Y  FOR THE GRONTH OF 

1 9 6 4 .  A ' I C 9 0  A R T I F I C I A L  RUYEN F C R  I S O T O P I C  E X P E R I M E N T S  

1956. P R O T E O L Y S I S  B Y  R U P F N  M I C R O - O R G A N I S P S  
1967. F N U P F R A T I C N  OF RUWFh C ICRO-ORGPNISWS 

/ A  FOR E S T A B L I S H I U G  THE V A L I D I T Y  OF I N  V I T R O  S T U D I E S  W I T H  RUPEN P I C R O - O R G A N I S M S  I N  SO-CALLED A R T I F I C I A L  R /  
L E M E N T S  1957. R E S P O N S E  B Y  RbWEN M I C R O B E S  r0 "HOSPHORUS FROM O I F F E R F N T  SUPP 
R CHANGES I V  T H E  I N G R E D I E N T  C O M P O S I T I O N S  OF THE R P T I C N  O N  R U P t h  Y I C R O e I A L  A C T I V I T Y  1959.  E F F E C T  OF M I N O  
F P  1956. RUMEN S T I J O I E S  IN SHEEP. 1. V A R I A T I C N  I N  R U P E h  P I C P O R I A L  EhC-PRODUCTS I N  F R E E - G R A Z I N G  SHE 

1964. E F F E C T S  O F  ESSENTIAL O I L S  OF S4GEBRUSH ON D E f R  RUPEN P I C R O B I A L  F U Y C T I O N  
1162. SOME F A C T O R S  I N F L U E N C I N G  THE R U P E N  P I C R O R I A L  P O P U L A T I O N  

964. H O O I F I C A T I O Q S  O F  A D E V I C E  F O R  " A I N T E N P Y C E  OF T H F  R L Y E N  P I C R O R I A L  P O P U L A T I O N  I N  C O N T I N U O U S  C U L T U R E  
1961. SOME A S D E C T S  OF RUPEN M I C R O B I O L O G Y  1 9 5 6 - 1 7 6 0  

A P R E L I Y I Y A R Y  REPORT ON THK STUDY OF F 4 C T O R S  I Y F L U f h L I N G  RUPEN 
1 9 5 6 .  I N  V I V O  AVO I N  V I T R O  N U T R I T I O N A L  R E P U I R F M F N T S  OF RIJPEh  

1 9 6 5 .  C F L L I J C A S F  FROM RUMINOCCOCUS ALRUS A N 0  W I X t U  RUPEN 
1 9 6 1 .  EF I -ECT O F  H E A T I N G  S T A R C H  ON I T S  D I G E S T I C N  B Y  RUPEY . T H E  E F F E C T  O F  T H I M E T  O N  I N  V I T R O  C E L L U L O S E  D I G E S T I O N  B Y  RUPEN 

T O F  GAMYA Q h O I A T I O N  O N  T H E  U T 1 L I Z A T I O N  OF WHEAT S T R A W  B Y  RUPFN 
OF O I E T  ON THE A C T I V I T Y  OF S E V E R A L  E N Z Y Y E S  I Y  E X T R A C T S  OF RUPEN 
I T Y  O F  THE V I T R O G F N  I N  SOME A M M O N I A T E 0  DRnDUCTS T O  B O V T N E  RUPEN 
T H E  STUDY OF C E L L U L O S E  Q l G E S T I O Y  B Y  4 A S H E D  S U S P E N S l O N S  O F  RUPEN 
RCH ON THE D I G F S T I O N  O F  C E L L U L O S E  I N  V I T R O  AYD I N  V I V O  B Y  RUPEN 
E R V A T I O N S  UPON FACTORS I N F L U E N C I N G  C E L L I J L O S E  O I G E S T I C N  BY RUPEN 
O R T E T R A C Y C L I N E  F E E D I N G  OY I N  V I T R O  C E L L U L g S E  C I G F S T I C N  B Y  RUCFN 
ER E X T R A C T S  O F  FOR4GES O N  I N  V I T R O  C E L L U L O S E  D I G E S T I f "  B Y  RUMEN 
I A R I S O N  3 F  U R F A  A N 0  P R O T F I N  M E A L S  A S  N I T R O G E N  SOURCES FOR R U P E N  
F F E R E N T  C H E Y I C A L  FORMS O N  I Y  V I T R O  C E L L U L P S F  D I G E S T I C N  B Y  RUPEN 
S AND SOURCFS O F  ENERGY UPON IN V I T R O  U P E d  U T I L I Z A T I O N  B Y  R U P f N  
T H E  N A T U R E  OF P K O T E I N  I N F L U E N C E S  UPON UREA U T I L I Z A T I C N  B Y  RUPEN 

N U T R I T I V E  V A L U F  FROM I N  V I T R O  C F L L U L O S E  D I G F S T I B I L I T Y  B Y  RUVEN 
CELLULOSE,  S T P I I C H ~  A N D  M E T A B O L I C  I N T E R M E D I A T E S  R Y  R C V I N E  R U P F h  

W I T H O U T  AUREOMYCIY I  ON I N  V I T R O  O I G E S T I G N  OF C E L L U L O S E  R Y  R U P E N  
EKY B Y  PRODUCTS 1954. I N  V I T R O  C E L L I J L O S E  D I G F S T I C N  B Y  RUPEN 
V I T R O  1958. M I N E R A I  R E Q U I R E M E N T  OF RIJPEN 

P l C R O F l  ORA 1 9 4 6 .  
C I C Q O C K G d N Z S P S  
M I C R G G R G A N I S M S  
f l I C R O O R G 4 Y I S P F  
M I C R O O R G A N I S M S  1 9 6 4  
P I C R O O R G A U I S M S  1 9 6 2 .  F F F E C  

1965. F F F E C T  P I  CROORGANISMS 
C I C R O C R G A N I S M S  1959. A V A I L A B I L  
M I C R O O R G A N I S M S  1955. A METHM, FOR 
M I C R O O R G A N I S C S  1961. E F F E C T  OF STA 
FICROORGdNISMS I P S O .  P R E L  IN I N A R Y  ORS 
M I C R O O R G P N I S M S  1956. T H F  F F F E C T  O F  C H L  
M I C R O O R G A Y I S M S  1 9 6 4 ,  T H E  E F F F C T S  nF WAT 
M I C R O C R G b Y I S N S  - UREA U T l L l Z A T l O N  A N 0  C E L /  
M I C R O C R G P N I S P S  / F F F E C T  OF PHOSPHORUS I N  01 
MICRODRGANIS* 'S  / L U E N C E  O F  D I F F E R E N T  AMOUNT 
M I C R O O R G A N I S M S  /N V I T R O  O B S E R V A T I O N S  UPON 
Y I C R O O R S A N I S M S  /NO A L F A L F A  WHEN E S T I M A T I N G  
C I C R O O R G 1 N I S M S  / O R 1  C W A l N  F A T T Y  A C I D S  FROP 
M I C R O O R G A N I S M S  I S  OF F E E D S T U F F S t  W I T H  AVO 
M I C R O O R G A N I S M S  AND 1TS 5 T I M U L A T I O N  B Y  F I S H  
P I C R O O R t A N l S ~ S  FOR C E L L I I L O S E  O I G E S T I O N  I N  L O W  S Y S T E M  ON A D Q O T E I N - F R E E  D I E T  1959. GROWTH O F  RUPEN M I C R O O R G I U I S M S  IN AN I N  V I T R O  C O N T I N U O U S  F 

OF D I G E S T I O N  O F  T H F  C E L L U L O S E  OF SOME OLANT F R A C T I O N S  B Y  RUMEN M I C R O O R G A N I S P S  I N  V I T R O  1 9 5 8 .  T H E  R A T E S  
E L L U C O S E S  AVO FORAGE C F L L U L O S E S  OrY THFIR D I G f S T I R l t I T Y  B Y  RUPEN C I C R C C R G A N I S Y S  I N  V I T R O  / I E S  OF P U R I F I F O  C 

D U R I N G  THE D I G E S T I O Y  OF GLUCOSE, STARCH A N 0  C E L L U L O S F  B Y  RUCEN P I C R O O R 6 P N I S Y S  I N  V I T R O  I S  OF V A L F R I C  A C I O  
I C A T I O N  3 N  THE D I G E S T I O N  O f  C F L L U L O S f  I N  FORAGE P L A N T S  B Y  R I IPEN P I C R O G R G A N I S M S  I N  V I T 9 0  l T U R I T Y  A N 0  L I G N I F  
S T A R V A T I 3 N  b N 0  S U R C F Q U t N T  R E F E E D I N G  O N  SOME A C T I V I T I F S  O F  RUPEN PICROCRGANISYS TN V I T R O  I R .  THE E F F F C T  O F  
/VOLUME 3F IYOCIJLA ON TH' I N  V I T R O  C F L L U L O S E  O I G F S T I O N  B Y  KUPEN WICROGRGANISt+S SUPPORTED RY N U T R I T I O N A L L Y /  
S T E M  1962. I N  >VITRO S T U D I E S  OF RlJPEN P I C R C O R G A N I S P 5 r  U S I N G  A CONTIY IJOUS FLOW S Y  
/ CHANGES 1'4 THC C O N C E N I R A T I O N S  OF M I C R W O R G A Y I S M 5  I N  THE R U P F N  OF A SHEEP F T O  A LIMITED R A T I O N  t V E R Y  THR/ 
F 1962. I S 3 L A T I O U  OF S A P O N I N  D I G E S T I N G  B 4 C T r R X A  F R O F  T H f  P'JYEN UF R L O I T I N G  C A T T L E  ON L A D I N O  CLOVER P 4 S T U R  

1961. A C T I V I T I E S  O F  O R I E O  R U P E N  C I C R O O R G A N I S N S  IN V I T R O  

F L L U L O L Y T I C  A C T l V l T Y  OF PURE S T R A I N S  O F  R A C T F R I A  FROM THE RbP'f-N OF C A T T L F  1963. T H E  C 
T I T A T I V E  S A M P L I N G  I N  S T U O I F S  OF n I G f S T l O Q  ?pf THE K E T I C U L O  RUWEV OF C A T T I F  / ANC R E T U R N  O F  O I G E S T A  FOR W A N  
3. NUMBERS A N 0  50ME P R E D O M I Y A N T  GROUPS OF B A C T E R T A  l N  THE 
A L I P E N T P R Y  T R A C r  OF L I V F S T O C K  T I .  R A C T F R I A L  F L O R A  I N  THF 
Mi -TPBOLISY O f  T H E  SOLIJRLF C A R B O H Y O R A T F S  OF G R A S S E S  I h  T H F  

F E R M E N T A T I 3 N  O F  C E L C U L O S i  I N  V I T R O  B Y  O R G A N I S M S  FRGP THI 
L A T I O N  OF A B A C T F R l U M t  P R O D U C I N G  P R O P I O N I C  A C I D .  FqOC T H €  
F F E C T  OF P H  A N 0  OF G L U C O S r  ON AMMONIA A C r U M U L A T I O N  I h  THF 
E P R E D O M I Y A Y T  T Y P F  O F  C E L L U L O S E  D I G E S T I Y G  B A C T E R I A  I N  T H F  
I N F L U F N C I Y G  M F T A B O L I S M  AND PROTOZOA C O N C E V T R A T I O N S  I N  THE 

THE S I G U I F I C A V C F  O F  THF R A C T E R I A  AND T H t  PROTOZOA OF THE 
1 9 4 5 - 1 9 4 6 .  THE F F P M F N T A T I O W  OF C A R B O H Y D R A T E 5  l h  THE 

CH AND Y I T R 3 G E Y  L E V F L S  FOR M A X I M U M  C E L L U L O S E  D I G F S T I C N  B Y  
S A N 0  S T A N O A R D I Z A T I O N  O F  METHODS 1967. S T U D I E S  ON 
ANO T H E  E F F F C T S  O F  V O L A T I L /  1958- S T U O I F S  ON THF I N  V I T R O  

RUPt-N OF COW5 f F O  D I F F E R E N T  R A T I O N S  195 
RUWEN OF C W S  F E C  C I F F E R E N T  R A T I O N S  /ORA I N  THF 
RIJPEk Or S H E F P  1960. 
RUPEN OF S H f F P  1 9 4 8 .  THE 
R l l P E N  OF S H E F P  1951. I S 0  
PUPEN OF S H F E P  1959. I N  V I T R O  S T U D I E S  O N  THE E 
RUPEN OF SHEFD 1. E F F E C T  O F  CHANGE O F  D I E T  ON TH 
R U M E h  OF S H F F P  / C  4 S S O C I A T F O  E F F E C T S  A S  F d C T O R S  
R l J P f h  OF THE B O V I h F  1 9 4 4 .  
RUMEN OF T H t  S H E F P  
R L P E N  C R G A N I S H S  I N  V I T R O  1 9 6 1 . C F L L U L O S E t  STAR 
RUPEN P H Y S I C L O G Y  I. GROWTH O F  F I S T U C P i t D  A N I M A L  
R l J C f h  PROCECURE - IMPROVED INOCULUM P K E P A R A T I O N  

N A N 0  AM3NG T R I A L  V 4 P I A R I L I T Y  OF THE W I S C D N S I N  A R T I F I C I A L  RUMEN PRCCEOURF I E S  I N  T H E  L A B O R A T O R Y  1V. W I T H 1  
/ OF FORAGES 1'4 I H E  L A B O R A T O R Y  11. S I M P L T F I E D  A R T I F I C T A I  RUPEh P R O C E O U R f  FOI O B T A I N I N G  R r P E A T A E L E  E S T I M A /  
T H E  K E T I C U L J - R U M F V ,  111. F L U C T U A T I O N S  I Y  THF NUMBFRS OF RUPEN PROTO7011 ANC T H E I R  P O S S I B L E  R O L E  I N  R L O A T  

I 9 6 4 .  R A T I O N  C H A R A C T E R I S T I C S  I Y F L U E N C l N G  R U F E h  PROTOZOAL P C P U L A T I O N S  
I C R O R I A C  END-PRODUCTS I N  F R E € - G R A Z I Y G  C H E r P  1 9 5 6 +  HUPEN S T U O I E S  I N  SHEEP. 1. V A R l A T I O N  I N  RUMEN M 

T U O I E S  W I T H  91JMFN M I C R O - O R G A N I S Y S  I N  S O - C I L L F O  A R T I F I C I A I .  R U P f N  SYSTEMS / I S h I N C  T H E  Y A L I D I T Y  OF I N  V I T R O  S 
l ' ? 6 3 .  b N  A R T I F l L I b L  RUMEN SYSTEM F O R  RANGE N U T R I T I O N  S T U D I E S  

OF FORAGES 1959. U S E  OF T H E  A R T I F I C I A L  R U P E N  T E C H N l Q U f  TC E S T I M A T E  T H F  N U T R I T I V E  V A L U F  
T I B L E  ENFRGY O F  FO/  1958. THE A D A P T A T I O N  OF A N  A R T I F I C I A L  RUPEN T E C H N I Q U E  T O  T H E  E S T l i 4 A T I O N  O F  GROSS D I G E S  
L U E  OF O I F F E R E Y T  S A T I O N  CON/  1962. 4 N  I N  V I T R O  A R T I F I C I A L  RUPEN TECHYIPUEI W I T H  S T U D I E S  ON THF R E L A T I V E  VA 

NS ON THE U S E  O r  T O T A L  GAS P R O O U C T I O N  F R D P  T H F  A R T I F I C I A L  RUWEN T O  E S T I M A T E  A L F A L F A  N A Y  Q U A L I T Y  / B S E R V A T I O  
THE E F F E C T S  D r  D I E T  UPON T H F  P R O D U C T l O N  A N 0  R E C Y C L I N G  O F  I IUPEN V G L P T I L E  F A l T Y  A C I O S  I ' f 1TRO T E C H N I Q U E S  A N 0  

1960. A C O M P A R I S C N  OF A R T I F I C I A L  RIJWEN T F C H N I Q U f S  
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N F L U E N C I Y G  Y E T A B O L I S M  A N 0  DROTOZOA C /  1 9 6 6 .  V A R I A T I O N S  I N  RUPEN VOLUPE AND A S S O C I A T E 0  E F F E C T S  AS FACTORS I 
SHEEP O I F F E R F N C E S  1366. RUPEN VOLUME AS A FACTOR I N V O L V E D  I N  I N D I V I D U A L  
/ E T H I C  M E T M O  FOR T’iE E V A L U A T I O N  OF M I C R O B I A L  A C T I V I T Y  O F  R U F E N  W I T H  A P P L I C A T I O N  TO U T I L I Z A T I O N  OF C E L L U L /  
E F A T T Y  A C I D S  FROM GRASS B Y  RUMCN L I Q U O R  I N  A Y  A R T I F I C I A L  RUMEN 1957. S T U D I E S  O Y  ?HE P R O D U C T I O N  OF V O L I T I L  
ANCE O F  D I F F E 9 E N T  S P E C I E S  OF C E L L U L O L Y T I C  B A C T E R I A  I N  T H E  RUPEN 1 9 6 5 .  P O S S l e L E  FACTORS I N F L U E N C I N G  THE B A L  
F M E A S U R I N G  T H E  O I G E S T I O N  OF FODDERS I N  V I T R O  ( A R T I F I C I A L  R U P E N I  I N  ATTEMPT T O  S T A N O A R D I Z E  THE T E C H N I Q U E  0 
L CHANGFS 1’4 T H F  C O N C E N T R A T I O N S  OF MICRO-ORGANISMS I N  T H E  RUPENS OF S H E E P  FEC L I M I T E D  D I E T S  ONCE D A I L Y  /NA 

N A L  V A /  1961. A N  I M P R O V E D  N O N S E L E C T I V E  C U L T U R E  M E O I U P  F O R  R U P I N A L  B A C T E R I A  PNC I T S  U S E  I N  D E T E R M I N I N G  D I U R  

CT OF P H  OV THE C I L I A T E  P O P U L A T I O N  OF T H E  RUMEN I N /  1959. R U P I N A L  F L O R A  S T U C I E S  I N  THE S H E E P  I X .  THE E F F E  
M E R I N O  SHEEP I N  SOIJTH A F R I C A  X V I .  THE F A T E  O F  Y I T R 4 T E  I N  R U P I N A L  I N G E S T A  AS S T U D I E S  I N  V I T R O  / A C T  OF THE 
I E S  OF T H E  l N O I G E Y O U S  F L O R A  1960. SOMF A S P E C T S  O F  R U P I N A L  M E T A B O L I S P  R E V E A L E O  BY PURE CULTURE STUD 
0 A C T I V I T Y  A S  A F F C C T E D  BY R A T I O N  CHANGE AND SEASON 1960. R U P I N A L  V A R l A T I O h  I N  P H r  TEMPFRATIJRE AF!O I N  V I T R  

CHANGES I V  THI- CONCENTRATIOYS OF MICRO-ORGANISMS IN THE RUPENS OF SHEEP FEC ro  APPETITF IN PENS OF A T  PI 

1964. T H E  A P P L I C A T I O N  O F  C A L O R I M E T R Y  TO THE STUCY OF R U M I N A L  F E R M E N T A T I O N  I N  V I T R O  

1961. D I G E S T I V E  P H Y S I O L O G Y  AND N U T R I T I O N  OF T H E  R U P I N A N T  
1944. O I G E S T I O N  I h  T H E  R U P I N A N T  

1949. R U V I N A N T  O I G E S T I O N  
LUM DONOR, C O L L E C T I O N  DAY,  A N 0  F E R M E N T A T I O N  T I M E  1 9 6 6 .  R U P I N A N T  D I G E S T l O h  I N  V I T R O  A S  AFFECTCO B Y  I N O C U  
I O N  BETWEEN INOCULUM DONOR DIET A N 0  S U B S T R A T E  I N  I N  V I T R O  R U P I N A Y T  D I G E S T I C N  STUDIES 1 9 6 6 .  I Y T E R A C T  

1958. I S O L A T I O N  A N 0  C H A R A C T E R I Z A T I O N  OF V E T H A N O B A C T E R I U P  R U C I N A N T I U M  N. SP. 
AS A MFASURE O F  T H E  D I G E S T I B I L I T Y  OF FOPACE C E L L U L O S E  I N  R U M I N A N T S  1 9 5 9 .  C E L L U L O S E  D I G E S T I O N  I N  V I T R O  

S U R I N G  PHOSPHORUS A V A I L A B I L I T Y  OF F E E 0  SUPPLEMENTS F E D  TO R U P I N A N T S  1956. A LABORATORY T E C H N I Q U E  FOR MEA 
C e A C T E R l A  A C T /  1 9 6 3 .  SYMPOSIUM ON M I C R O B I A L  D I G E S T I O N  I N  R U P I h A N T S  - I O E N T I F I C P T i O N  OF GROUPS OF ANAERORI  
F S  15’63. S Y M P O S I U Y  ON M I C R O B I A L  D I G E S T I O N  I N  R U P I N A N T S  - I N  V I T R O  RIJMEN F E R M E N T A T I O N  T E C H N I Q U  
/ N  FACTORS I N F L I J E Y C I N G  T H E  VOLUYTARY I N T 4 K E  OF H E R e A G E  B Y  R U C I N A N T S  - VOLUNTARY I N T A K E  I N  R E L A T I O N  TO C H F /  

S 1 9 6 5 .  C E L L U L A S E  FROV QUCINCCCOCUS ALPIJS ANC M I X E C  R U Y E N  H I C R O O R G A N I S P  
1 .  T H E  O I G E S T I B l L I T Y  O F  T H E  L E A V E S  AND ST‘MS OF P E R F h N l A L  RYEGRASS. C O C K S F C C T t  T IMOTHY,  T A L L  F E S C U E ,  L K F /  

1966. C U L T U R E  OF THE RUMEN H O L O T R I C H  C I L I A T E  D A S Y T R I C H A  RUf’INATIUP SCHUPERG 

5 
G A N I C  N I T R O G E N  TO P R O T E I N  B Y  MICRO-ORGANISMS FROM THE COW S RU?‘€N 194fl. T H E  I N  V I T R O  C O N V E R S I O N  OF I h O R  
L Y T I C  A C T I V I T Y  @ F  T H E  HEART B E A T  OF / 1 9 5 H -  T H E  A C T I C N  OF S A C C H A R I O E ~  I N  V I T R O  AND I N  V I V O I  O N  T H E  C E L L U L O  

1 9 6 4 .  E F F E C T S  OF E S S E N T I A L  O I L S  OF SAGEBRUSH ON DEER RUMEN M I C R O B I A L  F U N C T I O N  
A b  QYEGRASS, C 3 C K S F O O T v  T I M O T H Y .  T A L L  F F S C U E t  LUCERNE AND S A l N F O l N v  AS CEASUREC B Y  AN IY V I T R O  PROCEDURE I 

/ I .  TOTAL REMOVAL AND R F T U R N  OF D I G E S T A  FOR P U A Y T I T P T I V E  S A P P L I N G  I N  S T U C I E S  OF C I G E S T I O N  I N  T H E  R F T I C U L I  
1 9 4 8 ,  T H E  C O M P O S I T I O N  AND QUTDUT O F  SPFEPCI S A L I V A  

1755. A S A P P L I N G  T U B E  FOR RUMEN F L U I D  
A T I Y G  C A T T L E  O Y  L A D I N O  CLOVER P 4 S T U R E  1962. I S O L A T I O N  0‘ 5 4 P G Y I Y  D I G E S T I N G  R A C T E R I A  FROM T H E  RUMEN OF R L O  
CARBOHYO3bTES A Y D  L A C T A T E  OW A D I E T  OF L U C E R N E  ( MEOICAGO S A T I V A  I HAY / THE F b N C T I O N A L  GROUPS F E R M E N T I N G  
TURE OF THE RUMEN H O L O T R I C H  C I L I A T E  O A S Y T Q I C H A  R U M I Y A T I U P  SCHURFRG 1 9 6 6 .  C U L  
RE A N 0  I \ (  V I T R O  4 C T I V I T Y  A S  A F F E C T E D  R Y  R A T I O N  CHANGE A N 0  S F A S C N  1960. R U C I N A L  V A R I A T I O N  I N  PH, T F P P E R A T U  
I T I O N  AVO I Y  V I T R O  O I G E S T I B I L I T Y  OF F O R & -  A S  A F F E C T E D  B Y  SEASON I Y  YORTHERN O N T A R I O  1 9 6 6 .  C H E M I C A L  COMPOS 
A N I C A L  C O M P 7 S I T I O V ,  I N D  I N  V I T R O  O l G E S T l B l L l T Y  OF HERRAGE S k L E C T E O  R Y  E S O P H A G E b L - F I S T U L A T E D  S H E E P  /ON, BOT 
AL ECOLOGY 3 F  T I I C  RIJMFEI 1 9 6 0 .  S Y M P O S I U P  - S F L E C T E D  T O P I C S  I N  P I C R O B I A L  ECOLOGY 1. P I C R O P I  

OF A P P 4 4 A T U S  F O P  I /  19W. b C O M P A R I S O N  OF T H E  A L L  GLASS,  S E P I P E R V E A B L E  PECBRANE A N 0  CONTINUOUS FLOW T Y P E S  
46. T H E  F E R M E N T A T I O N  O F  CARROHYDRATES I N  THE RUMEN O F  T H E  S k E E P  1 9 4 5 -  I 9  
M O F  THE S O L U B L F  CARROHYOS4TES OF G R 4 S S E S  I N  T H E  RUUEN OF 
T l O N  OF C E L L U L O S E  IU V I T R O  R Y  O R G A N I S M S  FROM THE R U M E h  OF 

A P 4 C T E R 1 U + l I  D R O O U C I N G  P Q O P I O N I C  A C I D ,  FROM THE R U P E N  O F  
C A T I O N S  B Y 0  CORN O I L  OY CRUDE C E L L U L O S F  C I G E S T I R I L I T Y  B Y  

V A R I A T I O V  I U  KUMEV V T C R O R I A L  t Y D - I J R O D U C T S  1U F R E E - G R 4 Z I N G  
T Y  OF SOYF YAJOR C O h S T I T U E N i S  OF THE SUMMER D I E T  O F  RANGF 
T Y  OF SOYE MAJOR C O Y S T I T U F N T S  OF THE SUuMFR DIET OF RANGE 

RAGE, C L I P P E D  HFRBAGE,  A N 0  ST4NOARO S A M P L t S  B Y  C A T T L E  A N 0  
A T I O N  OF THE RU”CV I Y I  1 9 5 9 .  R U M I N A L  F L O R I  S T U O I E S  I N  T H E  
Y 4 N T  TYPE OF C E L L U L O S E  D I G E S T I N G  B A C T E R I A  I N  THE R U Y E N  OF 
NG C E T 4 8 3 L I S H  AVO PROTOZOA C O N C F N T R A T I O Y S  I Y  THE R U V E N  OF 
I G E S T I B I L I T Y  OF HERBAGE S E L E C T t U  BY E S O P H b G F A L - F I S T L L A T E O  

1 9 6 b .  RUMEY VOLUME A S  A FACTOR I Y V O L V  0 I N  I N O I V I C l l A L  
N T H E  C O V C E U T R A T I O V S  OF V l C R O - O R G A N I S C S  I Y  TWE RUMEN OF A 
I N  THE C 3 Y C E Y T R A T I O N S  OF P I C R O - O P C A N I S M S  I N  T H E  R U P t N S  OF 
I N  THE C 3 N C E N T R A T I O N S  OF M I C R O - ? R G A N I S M S  I N  THE R U C F b S  OF 
RY I 1 9 6 5 .  I N D I C F S  O F  E F F I C I E N C Y  OF RUMFN F E R M E Y T A T I C \  OF 
I O N  T E C H V I D U E S  1 9 6 4 .  V A R I A T I O N S  4MOYG C A T T L F  AND 
I N  R I  1 9 4 9 .  S T U D I E S  ON T H E  A L I M E Y T A R Y  TRPCT ?F T H E  M E R I Y O  
R I Z d T I O N  OF 4 H F M I C E L L U L O S E  F E R M E N T I N G  R A C T E Q I U M  F R C v  THE 

/ 9 6 6 .  AV E V A L U A T I O V  O F  P A S T U R E  Q U A L I T Y  W I T H  YOUYG G R A Z I N G  
194P.  T H E  L O M P O S I T I U N  &NO O U T P L T  OF 

I O N  OF V 3 L A T I L E  F A T T Y  A C I D S  1 9 4 6 .  T H E  4 P P L I C A T I O N  OF THE 
4 L I D I T Y  3 F  I Y  V I T R O  S T U D I E S  W I T H  RIJqEN V I S R O - O R G A N I S W S  I N  
TEERS 1957. THE I Y F L U E U C E  O F  

1 9 6 4 -  A COk ‘PAK150N OF I Y  V I T R O  F E R M E N T A T I O N  AND C H T V I C A L  
E 5  TU THE L A R O R A T 3 R Y .  V. C O M P A R I S O N  OF C H W I C A L  A N A L Y S E S ,  

SHEEP 1960. M 7 T A R O L I S M  OF THE 
I N  I N  V I T R I )  D I G E S T I O N  T Y I A L S  1 9 6 5 .  E F F F C T  OF 

I /  1954. C O M P 4 7 I S O V  OF IJKEA AYD P R O T E I N  Y 7 A L S  A S  N I T R O G E V  
BY RUMEV 1951.  THE I U F L U E N C E  OF O I F F E d E N T  AMOUNTS A N 0  

1 .  S T U O I E S  3 N  THE A L I M E N T A R Y  TRACT OF THE P C R I N O  SHEEP I h i  
“1 4ND C H h Q 4 C T E R I Z A T I O N  OF “ E T H A N O B A C T E R I U U  P \ I M I N A N T I U P  N. 
C U T T I Y G  T R E l  1965. THE I Y  V I T R O  O l G E S T l R I L l T Y  OF HERBAGE 
65 .  P O S S I q L E  F b L r 3 K S  I N F L U E h C l N G  THE R A L A U C E  OF O I F F E R E N r  
€ S T I N G  1963. A P P L I C A T I O Y S  OF THE TWO 
NO V A R I E T I E S  A N 0  I T S  R E L A T I O N S H I P  W I T H  C U T T I N G  T R E 4 T P E N T .  
T l O N  OF C E L L U L O S E  I N  FORAGE P L A Y T S  B /  195R. T H E  E F F t C T  OF 
RAGE CROPS 1 9 6 3 .  A TWC 
S T l e l L I T Y  OF WHOLF GRASSFS AND T H E I R  P A S T S  4 T  P R O G R t S S I V E  
NI N U T R I E Y T  O I G F S T I R I L I T Y  / 1961. E F F E C T  ”F FOUR M A T U R I T Y  

1 9 6 2 .  I N T E R - L A B O R A T O R Y  I V  V I T R O  STUCY OF 
R O O I G E S T I O V  O F  G R A Z t O  A N W A L  FORbCE,  C L I P P E D  HERB4G!-, A N D  

ON RUMCY P H Y S I O L O G Y  I .  GROWTH OF F I S T U L A T F O  A Y I M A L S  AND 

PH AND OF GLIJCOYF nv AMMONIA ACCUMULATION IN THF SUPEN O F  

U C T S  I N  F R E F - G R A Z I Y G  SHETP 1956. WYEY s r u c i E s  I Y  

ZHEEP 1960. M E T 4 8 0 L l S  
S P E t P  1948. T H E  PERVENTA 
S H E E P  1951. I S O L A T I O V  OF 
S P E E P  1 9 6 1 .  E F F E C T  OF V A R I O U S  
W E E P  1956. RUMEY S T U D I E S  I N  SHEEP.  I .  
St‘EEP 1961. C O V P A R A T I V F  I N  V I T R O  O I G E S T I B I L I  
SHEEP 1 9 6 1 .  C C C P A R A T I V E  I N  V I T R O  O I G E S T I R I L I  
S H E E P  1 9 5 9 .  IY V I T R O  S T U O I F S  ON T H E  E F F E C T  OF 
SHEEP 1 9 6 4 .  M I C R O C I G E S T I O N  O F  GRhZEO A N h U n L  F O  
SPEEP I X .  T H E  E F F E C T  O F  P H  OY THE C I L I A T E  POPUL 
SHEEP 1 .  F F F E C T  CF CHANGE O F  D I E T  OY T H E  PREDOWI 
SHEEP I O  A S S O C I A T E D  E F F E C T S  A S  FACTORS I N V L U E Y C I  
S H E E P  / C N t  B O T 4 N I C 4 L  C O M P O S I T I O N ,  AND I N  V I T R O  0 
St‘EEP D I F F E R E N C f S  
SHEEP F E D  A L I M I T E O  R A T I O N  EVERY THREE HOURS / I 
SHEEP F E D  L I M I T E C  C l C T S  ONCF D A I L Y  / N A L  CHAYGES 
S H F E P  F E D  TC A P P E T I T E  I N  P E N S  OR AT P A S T U R E  / E S  
S P E E P  G R A Z I N G  CESERT RANGE FORAGC A S  I N F L U E Y C E O  
SHEEP I N  D I G E S T I V E  POWER MEASURCO B Y  M I C R O O I G F S T  
SHEEP I N  SOUTH 4 F R I C A  X V I .  T H E  F A T E  O F  N I T R A T E  
SI‘EEP RUPEN 1 9 6 1 .  I S O L A T I O N  4 N 0  CHARACTE 
SVEEP. I -  V A R I A T I O N  IN RUMEN M I C R O B I A L  END-PRO0 

SWEEPS S B L I V A  
S I L I C A  G E L  P A R T I T I C N  CHROYATDGRAM T O  THE E S T I M A T  
S C - C A L L E D  4 R T l F I C I A L  RUMEN SYSTEMS I I S H I N G  THE V 
SCOIU ’  @ F N T O N I T F  I N  V I T R O  4 Y O  I Y  T H E  r 4 T I O N  OF S 
S O L U B I L I T Y  YETHOCS 1 Y  E S T I M A T I N G  F O R A G E  N U T R I T I V  
S C L U B I L I T Y  T E S T S ,  AYD I N  V I T R O  F E R M E N T A T I C N  /RAG 
S C L U R L E  CARBOHYCRATES OF GRASSFS I N  T H E  R U P E N  OF 
SCURCE CF I N O C U L U P  ON D I G E S T I B I L I T Y  O F  SURSTHATE 
SCURCFS FOR RUMEN W l C R O O R G h N I S M S  - UREA U T l L I L A T  
S r U R C E S  OF ENEQGY I IPON I N  V I T R O  UREA U T I L I Z A T I D h  
SCUTH A F R I C A  X V I .  THE F A T E  O F  N I T R A T E  I N  R U M I N /  
SP. 1 9 5 P .  I S O L A T I O  
S P F C I F S  A N 0  V A S I E T I E S  AYO I T S  R E L A T I O N S H I P  W I T H  
S P E C I E S  OF C E L L U L C L Y T I C  B A C T E R I A  I N  T H E  RUMEN 1 9  
S T d G k  I h  V I r R O  C I G E S T I R I L I T Y  METHOD TQ V A R I E T Y  T 
STAGF CF GROWTH AhC C H E M I C A L  C O M P O S I T I O Y  / C I E S  A 
ST4GE OF M A T U H I T Y  ANC L I G N I F I C A T I O N  0’4 T H E  O I G E S  
STAGE T E C H N I Q U E  FOR T P E  I N  V I T R O  D I G E S T I O N  OF FO 
STAGES CF M A T U R I T Y  1963. THE I N  V I T R O  D I G E  
STAGES OF T I M O T H Y  HAY ON I T S  C H E M I C A L  C O V P O S l T l O  
ST4NO4RO FORAGES 
CTANDAQD S A M P L E S  @Y C A T T L E  AND SHEEP 1964. P I C  

1962. S T U D I F S  S T A N O P K C I Z A T I O Y  OF PETHOCS 

SHEEP. 11.  CHEMICAL COPPOSITION, BOTANICAL cop /  

I70 
169  
I 4 5  

16 
1 2 8  
I95 
219 
2 20 

37 
211 
I 6 8  
I81 

33 
I 2 5  
I 3 7  
1 4 4  

72 
I98 
I 3 2  
I 8 8  
I 7 1  
4 

3 11 

I 1 8  
2 05 

50 
I 3 5  
192 

222 
27 

I 5 5  
I 9 2  
I 4 6  
173 
I 5 6  

66 
I 3 0  
50 

1 2 5  
I on 

e5 
C8 
67 
70 
93 
4 3  
15 
e2 
24  
77 

7 5  
03 

I 6 8  
1 2 9  
I 7 0  
e5 

I 6 9  
221 
219 
220 
I 5 2  
2 c2 
I 8 1  

2 24 
85 

I 4 6  
7 1  

214 
74 

122 
I 5 9  
I 9 3  
25 
21 

5 
1 81 
l e 8  
59 

I 2 8  
58 
5 9  

I 2 7  
1 9 4  
I 6 6  
1 3 R  
II 

2 03 
I 6 1  

78 

210 



06 I 
h9 
29 
sr: I Zh 
€2 I 
22 I 
02 
?L 1 
III Z 
2s 

ZZ 
Oh 
S 
I2 
29 I 
€9 I 
LR 1 
29 I 
IZ 
12 I 

9s I 
LO 2 
09 I 
le1 
85 I 
LS I 
E IZ 
Ye I 
03 1 
26 I 
8E I 
86 I 
Eli 
09 I 
€8 I 
92 
52 I 
08 
26 I 

L8 I 
25 
L8 I 
E9 I 
IIF 
81 I 
53 2 
83 I 
LO I 
€0 I 
Eh 
tL 
09 
hl I 
92 
Zh I 
2s I 
11 
68 
B1 
LL 
EL 
El 
ZL I 
SZ 
ti 
ha 
L9 I 
68 I 
16 
Oh I 
Z6 I 
*L 
8tl I 
6'6 
119 
6L I 
IS I 
59 I 
85 
S6 I 

3AIlVl38 3Hl NO S310111S HlIR '3nOINH331 N3WflY lVI31JIlYW 
3AlllBlilN 3Hl 30 N0113103Yd '2961 /3 N31nY OMlIA NI NV 3N 
3AlilYllnN 3H1 30 N01131OdYd "0961 PlVO NOllVlN3 
3AIlI8lflN ONV AlllI9IlS33I@ IN-JIUION 'hCIlISOdW03 lV3IW3H 
3AIlIblilk 33V804 30 NOllVW1153 'Y961 
3AIII).LnN 3NllVYllS3 N3HM VJ'IVJlV OW 5455183 N338138 S3/ 
3AIlIXlnN 3'IVIOJ 3NIlVWIlS3 N1 500H13W All 1IiInlOS lV31W3H 
3AIJIWII\R 35VY01 30 S32VWllS3 31(1VlV3dJb 4NINIV180 YO4 3Y 
LJNI0333 33VUO3 t11 NOIlVlk3k833 NdWlll 30 S13fiOOad ON3 NlVl 
3Hl 3NIHSIlBVlS~ YO3 VIY31183 'Y'x.61 1031W3-OS NI SWSINV3 
40 SIS3HlNAS YO / ONV NOIlVZIlIln '8561 /Olnl133 (JNV H3YW 

AI1V3 UNV 'NOIIS3SIO 3SOln1133 'NOIlVZIlllfl V3Yn NI S31VUOAHOBHV3 JO 3108 3Hi '9561 NOIlVWIIG3 0131 
YIIA NI SdSINV9Y00131W N3YnY AB NOllVZllllO V3Yn NOdn 533NSn7JNI N1310lid 30 3YfilVhr SHl hGd0 SNOIlVAY3SBO 0 
33NdnlI SWSINV380OY31W N3WnY Ad NOllVZllll~ V3Yn OYliA NI NOdn A48JN3 30 S43YflOS ONV SlErnOwV lh3133310 30 

iiiin I HI 'EII~I VlkOWdV 01 V3Lln 30 N31S82AN03 3Hl '11 N3WnU 3NIA08 3Hl N1 V3Yn 30 NOIlVf 
ONV SIS3HLNAS 3Hl '111 NJWOY 3NlAOB 3H1 N1 V38n 30 NOIlVZIIIln 3Hl "$7161 /I N3WnH N1 NI3ld8d 30 hMOOXV318 
1 30 NOIlVlOSI 3Hl 'AI N3WnY JNIAOB 3HI NI V3Mn 40 N311VZIlILn JHI 'hi161 /3Hl ONV lVIY3lVvi 032ISJHlNAS 31-1 

30 NOISY3AN03 3H1 '11 NJHnY 3NIA08 3HL NI VS8n 30 N311VZIlilll jHl 'Eh6l VlhOWWV 01 V3hn 
Y YO3 S338nOS h330Ylllu SP SlVJW N13102)d UNP V38n 40 N3SIYVdW03 'b461 IIlV21lIl~ V3Xn - Sh5IhV9100Y3IW h3Wn 
/AlA NI tlI3Hl 01 533Vb03 OdXIh 33180 ON1 031MONfl 40 AlllIBIlS3310 jSOlnl133 081111 kI 30 dlHSNGIlVl3Y 3Hl / 

ou ON/ NOIIS~~IO 3soinii33 ONV Noiivziiiiri v3~n - SASINV~XIO~~IY ~3~na 803 s33unos ErjLttoaiiN sv siv3w ~131 

n 

3Inl3 N3rlnY do3 38nl 3hllddVS V '$561 
10 OllIA NI 3Hl AB S39VYOi 40 AlIlIBIlS33IU 3flrl 3Hl 33 NOIlVWIlS3 'Y961 SllVM 1133 3C NOIlS33 
0 JH1 YO 531(JVIYVA 30 33NJnlJNI JHl 'I VY0NVIYI V03d3~i1 30 3IilVA 3AIlIYlf\N '-961 Id10 3Hl 30 h011VhIWb313 

'1hX V3Ilt4V HlOOS N1 d33HS DNI83rl 3Hl 40 l?V8l AYVlY3dIlV 3H1 h0 S31OnlS '6h6I /Y NI 31VltlIh 30 31V3 3H1 
Y liHl NI V'dOl3 lV111313V8 '11 HJOlS3AIl 30 13VM1 AYVlYMI1V 3Hl hI VY01302)31W NO S310nlS 'b961 /03 30 N3vin 
JO 3Y1'12103 3111 804 00H13W 'I N351S3AIl iG 13PYl AYVl%jWIlV 3Hl NI V80130Y3IW NO S31OnlS 'uY6l /323V8 3H1 
3V hllV4 JlIIVlO/ S83313Y 3332 333-11flJ J0 13V81 lVNiI53lNI02)lSV~ 3Hl NI SNOll2)OdOIId UliV S~~OIlVklh33N03 01 
OdW03 SI1 3NI133jJV SYOl3VJ ONV SlVWlNV 40 13881 A8VIYJWIIV 3H1 30 VbOl3 3Hl NO SNOIlPAM3SkJO -S961 NOllIS 
301033 lVIUOU31W 'I A301033 1Vl8083Ia YI S3ldDl 03133135 - WflIS3ddAS '0961 N3hnY 3Hl 30 A 
/ SV 'NIO3NIVS UkV 3N833111 '3fl3SJJ IlVl 'AHIOWII '10035N303 'SSV333Ati lVlNN383d 30 5W31S OhV S3hV31 3Hl 4/ 
N3IUlnh 'hOIlISOd303 lV31Y3H3 SI1 NO AVH AHlOWll 40 SJVVlS AllMfIlVd 8n03 $0 133333 'tY6l / AlIlItlIlS33IO 1 
33'4 SV OYllA kl NOIlS3310 lNVNI4i)Y '9961 3AIl NOIlVlNJAY33 ONV 'AVO NO11331103 'UONOO k11Tl3ChI A9 03133 

N3Wtl8 AB NOIlS331@ 3SOlnl333 38lIA VI N3 13rlI.11 30 135933 3Hl '9961 S kSINV380OY3IW 
S318VlYVA 40 33N3nlJNI 3H1 'I VYONVIYl V03nl3iil 30 3iIlVA 3AIlIYlnh 'tl96l /410 3Hl 40 N011VkIW83130 3Wi NO 

0330 lVIBOY3IU '1561 SlllIlX31 NO1103 01 33h383jjY lVl33aS HllM - 3SOln1133 30 hOIlISOdW 
OIfll3 N3dnH $0 Hd ONV NOISV41 33V38nS NOdn SYO13V3 SnOl8VA 30 33N3nl3hl 3Hl 'LS4I 

A'd 0313333V SP AllAIl3V GYlIA N1 ONV 38illVU3dHJl 'Hd \I NOllVlYVA 1VNIWnI '0961 NOSV3S ONV 33hVH3 NOllPY 
dvcnx NIAO  HI do VI)J~~~VB -z961 AVH 3331 8OOd $0 1310 V hO NOllVlndOd AH1 40 kOIllSCdkC3 3Hl '1 N 
/ O3YnSV3W SV 'NIO4NlVS OhV 3N133lll '3fI3S3-J 11Vl 'AHlOWIl '1003SX303 'SSVb33AM lPlNN383d JO SW31S UNV 53A/ 

1 

L9 



68 

H E  A R T I F I C I A L - R U M E N  T E C H N I Q U E  OF E S T I M A T I U G  T H E  N U T R I T I V E  VALUE OF FORAGES 
C O M P A R I S O N  O F  D I F F E R E N T  METHODS W H I C H  E S T I M A T E  N U T R I T I V E  V A L U E  OF FORAGES 
T H E  A R T I F I C I A L  RUMEN T E C H N I Q U E  T O  E S T I M A T E  T H E  N U T R I T I V E  VALUE OF F O R 4 G E S  

A N 0  U S E  OF C H E M I C A L  METHODS FOR D f T F R M l N I N G  T H E  N U T R I T I V E  VALUE OF FORAGES 

1 9 6 4 .  T 
1966. A 

1 9 5 9 .  U S E  OF 
1965. OEVELOPMENT 

V I T R O  ENZYME D I G E S T I O N  T E C H N I Q U E  TO P R E D I C T  THE N U T R I T I V E  VALUE OF FORAGES 1962. U S E  O F  A N  I N  

A R I A B L E S  ON T H E  D E T E R M I N A T I O N  O F  THE O I F l  1964. N U T R I T I V E  VALUE OF THEMEOA T R l d N D R b  1. THE I N F L U E N C E  OF V 
I L I T Y  A N 0  PROD/ 1 9 6 2 .  A R T I F I C I A L  RUMEN I N V F S T I G A T I O N S  1. V A R I A B I L I T Y  O F  DRY MATTER A N 0  C E L L I I L O S E  D I G E S T I B  
/ O F  FORAGES I N  THE L A B O R A T O R Y  I V .  W I T H l V  AND AMONG T R I A L  V A R I A R I L I T Y  O F  T H E  W I S C O N S I Y  A R T I F I C I A L  RUMEN P /  

/ N U T R I T I V E  V A L U E  OF THEHEOA T R I A N O R A  I .  THF I N F L U E N C E  O F  V A R I A B L E S  ON T H E  C E T E R M I N A T I O N  OF T H E  D I F F E R E N T /  
1960. THC I N  V I T R O  D I G E S T I B I L I T Y  OF HES?AGE S P E C I E S  AND V A R I E T I E S  A N 0  I T S  R E L A T I O N S H I P  W I r H  C U T T I N G  TREA 

C A T I O N S  O F  T H E  TWO S T A G E  I N  V I T R O  O l G E S T l R I L I T Y  YETHCD TO V A R I E T Y  T E S T I N G  1 9 6 3 .  A P P L I  

1966. B I O A S S A Y S  F O R  N U T R I T I V E  V A L U E  OF I N D I V I D U A L  A L F A L F A  P L A N r S  

1960. E F F E C T  O F  S F V E R A L  V A R I A R L E S  ON I N  V I T R O  RUMEN F E R M E N T A T I O N  

1 9 5 1 .  T H E  M E C H A N I S M  OF P R O P I O N I C  A C I D  F O R M A T I C N  B Y  V E I L L O N E L L A  GAZOGFNES 
1 9 5 1 .  A C T I V I T I E S  OF D R I E D  RUMEN M l C R D O R G d N I S C S  I N  V I T R G  

R E H E N I  OF RUMEN M l C R O O R G n N I S M S  FOR C E L L U L O S E  D I G E S T f O N  I N  V I T R O  1958. M I N E R A L  R E D U I  
ON OF C A L O R I M E T R Y  TO T H E  STUDY O r  R U M I N A L  F E R M E V T P T I O N  I N  V I T R O  1 9 6 4 .  T H E  A P P L I C A T I  
L U L O S F  OF S3ME P L A N T  F R A C T I O N S  B Y  RUMEN M I C R O O R G A N I S P S  I N  V I T R O  1958. T H E  R A T E S  O F  D I G E S T I O N  OF THE C E L  
E L S  FOR Y A X I M U M  C E L L U L O S r  D I G E S T I O N  B Y  RUMEN O R G A N I S P S  I N  V I T R O  1 9 6 1 - C E L L U L O S E I  STARCH A N 0  N I T R O G E N  L E V  
LE T H E  T E C H V i O U E  OF M E A S U R I N G  THE D I G E S T I O N  O F  FODDERS I N  V I T R O  I A R T I F I C I A L  RUMEN) I N  A T T r M P T  TO S T 4 Y D A R D I  
X V I .  THE F A T E  O F  Y I T R A T E  I N  R U M I N A L  I N G E S T A  A S  S T U O I F S  I N  V I T R O  / A C T  OF T H E  P E R I N O  SHEEP I N  SOUTH A F R I C A  

L U L O S E S  3 N  T H E I R  D I G E S T I R I L I T Y  B Y  RUMEN N I C R O O R G A N I S P S  I N  V I T R O  / I E S  OF P U R I F I E O  C E L L U L O S E S  A N D  FORAGE C E L  
GLUCOSE, S T A R C H  AYD C E L L U L O S E  B Y  RUMEN M I C R O O R G A N I S P S  I N  V I T R O  I S  OF V A L E R I C  A C I D  D U R I N G  T H E  D I G E S T I O N  OF 
OF C E L L J L O S E  I N  FORAGE P L A N T S  B Y  R U M t N  M I C R O O R G A N I S V S  I V  V I T R O  / T U R I T Y  ANC L I G N I F I C A T I O N  ON T H E  D I G F S T I O N  

T R E F E E D I Y G  O V  SOYE A C T I V I T I E S  OF RUNEN M I C R O O R G P N I S P S  I N  V I T R O  18. T H E  F F F E C T  OF S T A R V A T I O N  AND SUOSEQUEN 
SEASON 1963. R U M l N A l  V A R I A T I O N  I N  P H I  TEMPERATURE A h 0  I N  V I T R C  A C T I V I T Y  AS A F F E C T E D  BY R A T I O N  CH4NGE ANO 

1957. T H E  I N F L U E N C E  OF SODTUP R E Y T O N I T F  I N  V I T R C  A N 0  I N  T H E  R A T I O N  O F  STEEQS 

GESTIOV AND VOLATILF F A T T Y  ACID PRODUCTION IN VIVO A N C  I N  VITRO /EFFECT OF P t r Y s I c a L  FORM OF RATION UPON DI 

1 9 6 0 .  A C O M P A R I S O N  OF C E L L U L O S E  O I G E S T I C N  I N  V I T R O  AND I N  V I V C  
1961. E F F E C l  OF S T A R C H  ON THC D I G E S T I O Y  OF C E L L U L O S E  I N  V I T R O  ANC I N  V I V C  R Y  RUMEN M I C R O O R G A N I S M S  

/ F I L I A L  RUMEN I Y V E S T I G A T I O N S  I I .  C O R R E L A T I O N S  RETWFEN I N  V I T R O  ANO I N  V I V O  MEPSURFS O F  O I G E S T I B I L I T Y  AND/  
OF T H E  HEART B E A T  OF / 1958. THE A C T I O N  OF S A C C H A R I D E ,  I N  V I T R O  AND I N  V I V C I  ON TI-E C E L L U L O L Y T I C  A C T I V I T Y  
N T H E  R E L A T I V E  VALUE OF O I F F r R E Y T  R A T I O Y  C O N /  1 9 6 2 .  AN I N  V I T R O  A R T I F I C I A L  RIJYEN TECHNIOUEI  W I T H  S T U D I E S  0 
E C E L L U L O S E  I Y  R U Y I V ~ ~ N T S  1 9 5 9 .  C E L L U L C S E  D I G E S T I C N  I N  V I T R O  AS A PEASURE OF T H E  D I G € S T I B I L I T Y  OF FORPG 
D A Y ,  AND F E R M E N T A T I O N  T I U E  1966- R U M I N I N 7  O I G E S T I O N  I N  V I T R O  AS A F F E C T E C  BY INOCULUM DONOR, C O L L E C T I O N  
/ F E C i S  OF C A L C I L ' M  TO PHOSPHORUS R A T I O S  ANI: L E V E L S  UPON I N  V I T R O  A V A I L A B I L I T Y  OF P W Y T I N  A N D  I N O R G A N I C  PHOS/  

l S S E S  AVD A L F A L F A  WHEY E S T I M A T I N G  N U T R I T I V E  V A L U E  FROP I N  V I T R C  C E L L U L O S E  C I G E S T I E I L I T Y  B Y  RUMEN MICROORG/  
UMES 1965. R E L A T I O N S H I P  OF L I G N I F I C A T I O N  T O  I N  V I T R O  C E L L U L O S E  C I C E S T l @ l L I T Y  OF GRASSES AND L F G  
E D  M I X E D  FORAGES T O  T H E I R  I /  1962 .  TI4C R E L A T I O N S H I P  O F  IN V I T R O  C E L L U L O S E  C I G E S T I B I L I T Y  OF I J Y O R I E D  AND O R 1  

I T H E  E F F E C T S  OF V A R I A T I O U S  I N  VOLUME OF I Y O C l J L A  ON T H E  I N  V I T R O  C E L L U L O S E  C I G F S T I O N  BY R U Y E N  M I C R O O R G A N I S /  
1 .  E F F E C T  OF PHOSPHORUS IN O I F F E R E N T  C H E M I C A L  FORMS CN I N  V I T R C  C E L L U L O S E  C I G E S T I O N  B Y  RUMEN M I C R O O R G A N I S /  
5 1 9 6 4 .  T H E  E F k E C T  OF T H I M E T  C h  I N  V I T R O  C E L L U L O S E  C I G E S T I O N  BY RUMEN HICROORGANISP '  
S 1956. THE E F F E C T  OF C H L O R T F T R P C Y C L I N F  F E E D I Y G  O N  I N  V I T R O  C E L L U L O S F  CIGESTION R V  RUMEN M I C R O O R G A N I S M  
5 A Y D  I T S  S T I M U L A T I O N  BY F I S H E R Y  B Y  P P O O U r T S  1 9 5 4 .  I N  V I T R O  C E L L U L O S E  C I G E S T I O N  R Y  RUMEN M I C R O O R G A N I S M  
S 195U.  T H E  E F F E C T S  OF WATER E X T R A C T S  OF FORAGES C h  I N  V I T R C  C E L L U L O S F  CIGESTION B Y  RUMEY M I C R O O R G A N I S M  
E S T I B I L I T I E S  OF FORAGES 1964. S I M P L I F I F D  TECHNIQUE FOR I N  V I T R C  C C M P A R I S C Y  OF C E L L U L O S E  AND ORY MATTER D I G  
I F T  1 9 5 8 .  GROHT'I  OF  RUMFtd M I C R O O R G A N I S C S  I N  AN I N  V I T R O  C O N T l h U O U S  FLOW SYSTEM O N  A P R O T E I N  F R E E  0 
N OY M I C R O - 3 R G A N I S M S  FROM T H E  COW S RUYEN 1940. THE I N  V I T R O  C C N V E R S I O N  CF I N O R G A N I C  N I T R O G E N  T O  D R O T F I  
P L A N T - B R F E D I Y G  5 T U D I E S  1 9 6 6 .  A W O D I F I E O  M-THOD F O Y  THE I N  V I T R C  D E T E R Y I N A T I C N  OF HERBAGE D I G E S T I B I L I T Y  I N  

SON I N  Y 3 R T H E R N  O Y T A R I O  1966. C H F M I C A L  C O Y P O S I T I O N  AND I N  V I T R O  D I G E S T I B I L I T Y  OF FORAGE AS A F F E C T F D  R Y  SEA 
I I I -  C r f P l C A L  COMPOSITION, R O T A V I C A L  C O Y P O S I T I O N I  ANC I N  V I T R O  D I G E S T I B I L I T Y  OF HERBAGE S E L E C T E D  B Y  ESOP/  
T I E >  AND I T S  R E L A T I O N S H I P  W I T H  C U T T I h G  T R F /  1966. T H E  I N  V I T R O  O I G F S T I B I L I T Y  O F  HERRAGE S P E C I E S  A N 0  V A R I E  
- AN I U V E S T I G A T I /  1 9 6 6 .  THE R O U T I N E  D E T ~ R M I Y A T I O N  C F  I N  V I T R O  O I G E S T I B I L I T Y  OF O R C A N I C  MATTER I N  FORAGES 

F T H E  S U Y M i 9  U I E T  OF RANGE SHEEP 1 9 6 1 .  C O M P A R A T I V E  I N  V I T R O  O I G E S T I R I L I T Y  OF SOPC MAJOR C O N S T I T U E N T S  0 
F T H E  SU'4"LR U l F T  O F  RAUGE ZHEEP 1961. C O M P 4 R A T I V E  I N  V I T R O  D I G E S T I R T L I T Y  OF S O r E  MAJO? C O N S T I T U E N T S  0 
A R T S  AT  P R O G R E S 5 I V E  STAGES OF P A T U R I T Y  1963. T H E  I N  V I T R O  D I G E S T I B I L I T Y  C F  WVOLF GRASSES AND T H E I R  P 

E S T I M A T I 3 Y  3 F  T H E  T R U E  D I G E S T I B I L I T Y  OF F O R A S F S  B Y  T b E  I U  V l T R O  D I G E S T I O Y  OF C E L L  U A L L S  1966. 
/ I B L E  ElUFRGY CO'ITEYT O F  SOME E G Y P T I A N  FOR' lGEZ. I .  T H E  I Y  V I T R O  D I G F S T I O N  OF C E L L U L O S E  A S  A C R I T E R I O N  OF I 
I P T I O N S  3 F  F E E D S T U F F S ,  W I T H  AND d I T t I O U T  A U R F O H Y C I N ,  CN I N  V I T R O  O I G E S T I O N  C F  C E L L U L O S E  B Y  RUMEN W I C R O O R G A l  

1 9 4 8 -  T H E  F E R M E N T A T I O N  OF C E L L U L O S E  I N  V I T R O  B Y  C R G A N I S U S  FROM T Y E  RUMEN O F  S H E E P  

1966- E S T I M A T I O N  OF FORdGE N U T R I T I V E  V A L U E  FRCC I N  V I T R O  C F L L U L O S E  C I G E S T I O N  

1963. A P P L I C A T I O N S  OF THE TWO STACE I N  V I T R O  O I G E S T I B I L I T Y  METt 'OD TO V A R I E T Y  T E S T I V G  

1966. IJSE O F  T P E  I N  V I T R O  O I G F S T I E I L I T Y  T E S T  1Y P L A N T  R R E E O I N G  

I P 6 3 .  A TWO STAGE T E C H N I Q U E  FOR TPE I N  V I T R O  O I G E S T I O N  CF FORAGE CROPS 
1 9 5 9 -  T H E  I N  V I T R C  D I G E S T I O N  CF ROUGHAGE DRY MATTER 

ERS 1966. THE APPLICATION O F  T r E  IN VITRC DIGFSTION TFCWNIOUE TO SOME ARID-ZO~F F O D O  
OF SOURCE O i  I Y O C U L U I '  ON D I G E S T I R I L I T V  OF S U S S T R b T E  I h  I V  V I T R O  O I G E S T I O N  T R I A L S  1965. E F F E C T  

E F F E C T  3 r  W I Y T C R  RURU ON T H E  C t t E M I C A L  C O ~ ' P O S I T I 0 N  AhC I N  V I T R O  D R Y  P A T T E R  C I G E S T I B I L I T Y  OF E I G V T  GRASSES 
Y U T R I T I V F  V A L U E  OF FURAGFS 1 9 6 2 .  USE OF AN I N  V I T R C  ENZYfJE D I G E S T I O N  T E C H N I Q U E  TO P S F D I C T  T H E  
C O ' l " A R I S 3 Y  O F  C H E Y I C b L  4 N A L Y S f S f  S O L U B I L I T Y  T E S T S ,  Ah0 I N  V I T R C  F E R Y E h T A T l C N  /RAGES I N  T V E  LABORATORY,  V. 
DS I U  ESTIMATING FORAGE N U T R I T I /  1964. A C O Y P A R I S O N  CF I N  V I T R C  F E R P F N T A T I C k  ANC C F E l r l C A L  S O L U B I L I T Y  PETHC 

T H E  D I F F E R F N T  D S O T E I N  F R A C T I O N S  I N  FORAGFS AVO Ob THE I N  V I T R O  F E R M F N T A T I C h  PROCEOURr  FMPLOYED / N A T I O Y  OF 
F S T I E L E  EYERGY COYTENT OF SOME E /  1 9 6 3 .  T-E U S E  OF T P F  I N  V I T R O  F E R M E N T A T l C h  T E C H N I Q U E  TO E S T I M A T E  THE D I G  
D E T E R M I Y A T I O Y  O F  FORAGE H O L O C E L L U L O Z F  D I G C S T I R I L I T Y  @ Y  I N  V I T R O  F F R H F h T A T I C h S  l 9 h 5 .  
L A T I L E  F A T T Y  A C I /  1962.  F F F F C T  OF P C L L E T I ' J G  A L F P L F A  C N  IN V I T R O  GAS PRODUCTIDN,  C E L L U L O S E  O I G E S T I O Y  AND VO 
R CROPS 1 9 6 3 .  C0 t ' "AR lSON OF I N  V I V O  A h 0  I N  V I T R O  CEASUREMENTS OF THE O I G E S T I B I L I T Y  O F  FODOE 
A N I S M S  1956 .  IY V I V O  ANC I N  V I T R O  Y U T 9 1 T I O N A L  R E C U I R E M E N T S  DF R U Y f N  MICSOOSG 
FLUENCES U D 3 V  UREA U T I L I Z A T I O N  P Y  RUMEY Y I C R O O R l  1951. I N  V I T R O  O B S E R V A T I O h S  UPON T H E  N A T U R E  OF P R O T F I N  I N  

1 9 6 0 .  THE D R Y  MATTER D I G E S T I C N  I Y  V l T R C  OF F C R A L E  CROPS 
1 9 4 9 -  A NEW METHOD FOR THE STUCY I N  V I T R C  OF 9 U V E N  C I C E S T I O N  

1966. T k E  I N  V I T R C  P R E D I C T I C N  C F  HEREAGE D I G E S T I R I L I T Y  
7 T A L L  FESCUE,  LUCERNE 4 Y C  S A I N F O I N ,  A S  MFASUREO B Y  b N  I N  V I T R O  PROCEDUHF / P L  RYEGRASS, COCKSFOOT, T l l r O T H Y  

1956. F A C T O R 5  I U F L U E N C I h G  I N  V I T R C  RUPEN C E L L U L O S E  D I C E S T I O N  
1960. F F F E C T  Of S E V E R A L  V A R I A B L E S  Ch I N  V I T R C  RU?FR F E R P E h T A T I O N  

E D I C T I O V  OF THE V U T K I T I V F  VALUE I N D E X  OF d FORAGE FRO? I N  V I T R O  RUI'EN F E R M E N T A T I O N  DATA 1960. PR 
VALL IE  I V O E X  O F  F 1 R A G E S  F E D  CHOPPED OR GRnUVO U S I N G  A N  I h  V I T R O  RUMEN F E R W E N T A T I O N  METHOD / F  T H E  N U T R I T I V E  

R A T E S  1966- C O L L A B O R A T I V E  I N  V I T R C  R U P F N  F E R P E N T A T I O N  S T U D I E S  ON FORAGE SUBST 
1 9 6 3 -  S Y M p 3 S I U Y  3'4 P I C R O B I A L  D I G E S T I O N  I \  R I J M I Y A N T Z  - I N  V I T R O  RUl rEN F E R M E h T I T I O N  T E C H N I Q U E S  

I 9 h 6 .  T H E  OEVELOPMEPIT AND A " P L 1 C A T T O N  C F  I V  V I T R O  RUUFN F E R P E N T A T I O N  T E C H N I Q U E S  
NG FORAGE D I G F S T I R I L I T Y  AND I N T A K E  1965. U S E  C F  I N  V I T R O  RUPFN F E R W E h T A T I O N  T F C H N I B U E S  FOR E S T I M A T I  

P I C C H F M I C A L  ANP M I C R O S C O P I C  CO'4PARISCN OF I Y  V I V O  A h D  I N  V I T R O  RUPEN F E R P F h T A T I f l N S  1961. 
C H A H d C T E X I L A T I O Y  3 F  S E V E K A L  C E L L U L O L Y T I C  R A C T E R I A  F<CC I N  V I T R C  RIJMEN F E R M F N T A T I O U S  1963. I S O L A T I O N  A V O  

1 9 6 4 .  C O M P A R I S O N  CF I N  V I T R C  QUWEN F E R W E h T b T I O N  METHOPS 
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L E  MEMBRANE A N 0  C O N T I N U O U S  FLOW T Y P E S  OF h P P 4 R A T U S  FOR I N  
A T I O N  AN0 T H E  E F F E C T S  OF V O L A T I L /  1958. S T U D I E S  ON T F E  I N  
T E R A C T I O V  BETWEFY INOCIJL I IM  DONOR D I E T  AND S U B S T 3 A T E  I N  I N  
O Y T I N O O U S  FLOW S Y S T F Y  1957. I N  

ON A M M O V I A  A C C I J Y U L A T I O Y  I N  THE RUMEN OF SHE'" 19'>9. I N  
A i L E D /  1156 .  C R I T F R I A  FOR E S T A B L I S H I N G  THF V A L I D I T Y  C F  I N  

1962. I N T ,  R - L A R O S A T n R Y  I N  
F A C U A T I C  F X T K A C T S  OF FORAGE ON THE G R O d T I i  OF R /  1 9 6 1 -  I N  

RY RUMP4 B A C T E R I A  1952. A D 4 " T A T I O Y  O F  AN I N  
L E  ENERGY I V  P O T F N T I A C  I N V I I  OF F O R A G E S  U S I N G  4 S IMt 'LF  I N  
I T I V E  Q U A L I r Y  I N  A R L U E G 9 A S Z  P A S T U R E  U S I P G  1'4 V I V O  Ah!: I N  
F P R O O U C T I O Y  A V D  Q F C Y C L I N G  OF RU/  1959. S T U O I F S  OF TPF I N  
C O N T F N T S  OF THE C 3 W  1959. ON THE E F F E C T  O F  P H  I N  
L U E Y C E  OF D I F F F R F Y T  AMOUNTS A k O  SOURCES OF E N F R G Y  U P C N  IN 

1962. M O D I F I E D  I N  V I V O  A R T I F I C I A L  RlJPEN I 
1 9 6 0 .  A C O M P A R I S O V  OF C F I L U L O S E  D I G E S T I O N  IN V I T R O  Ani0 I N  
HE EFFECT OF PH OY THE C I L I A T E  P O P U L A T I O Y  OF THE R U P E N  I N  
T I O N  UPOV D I G E S T I 3 N  AND V O L A T I L E  F A T T Y  A C I D  D R O O U C T I O N  I N  
I T Y  OF F 3 0 D E R  CROPS 1963. C O M P A R I S O N  OF I Y  
P F N  M I C R O O R G A N I S M S  1 9 5 5 .  I N  

1961. B I I 'CHFMICAL A N 0  M I C R O S C O P I C  C O M P A R I S O N  OF I N  
MFNT OF U U T d I T I V F  Q U A L I T Y  I N  A S L U E G R A S S  " A S T U R F  U S I N G  I N  

1967. M O n I F I F C  I N  
T O F  S T A R C H  ON THE O I G E S T I O Y  OF C E L L U L O S F  I N  V I T R O  4 N O  I N  
F S T I B I L I T Y  3 F  U Y O R I t D  AND D R I E D  M I X E D  F O R d G F t  TO T H E I R  I N  
/ I N V E S T I G A T I O V S  11 .  C O R R E L I T I O N S  R F T W E F N  IN V I T R O  A N 0  I Y  
RFPT O F  / 1958. THE A C T J O M  OF S A C C H A R I D E ,  I N  V I T R O  A N 0  I N  
CESSARY F O R  T H E  GSOWTH OF B A C T F R O I O f S - S U C C I V O G E V E S  I N  THE 
NS I N  THF G A S T R O I V T E S T I Y A L  T R A C T  OF F U L L - F E D  B E E F  / 1 9 6 1 .  
I C  COCCI O F  B O V I N E  RUMEN 1958. 
F A L F A  ON I\( V I 1 9 0  GAS P R O O U C T I O N r  C E L L U L O S E  D I G E S T I O N  AND 

RUMEN A S  I Y O I C F S  OF FDRI\GE 4 U /  1958. DRY M A T T E K  L O S S  A N 0  
1762. D I E T A R Y  F h C T O R S  A F F f C T I N G  

1 6 3 .  EFFECT OF P H Y S I C A L  FORM OF R A T I O N  IJPCY D l G E S T I O N  AND 
H E  S I L I C A  GEL P A R T I T I O Y  CHROMATOGRAM T O  T V E  E S T I N A T I C N  OF 

DRY Y A T T E R  AND C E L L U L O S E  D I G E S T I E I L I T Y  AND D R O D U C T I O N  O F  
F F E C T S  OF D I E T  UPON THE P R O D U C T I O N  AND R E C Y C L I N G  OF RUMEN 
I N  AN A R T I F I C I A L  RUMEN 1 9 5 7 .  S T I J D I E S  ON THE P R O D U C T I O N  OF 

1965. T H E  R A T E S  OF P R D D U C T I O N  OF 
CfDlJRE - I M P R O V E D  I V O C U L U M  P R E P A R A T I O N  AND T H E  E F F E C T S  OF 
C I N G  M E T A B O L I S M  AVD PROTOZOA C I  1 9 6 6 .  V 4 R I 4 T I O N S  I N  RUMEN 
O I F F ER ENC ES 1906 .  RUMEN 
S T I O N  BY RUMEN M I C R O O l  1964. THE E F F E C T S  OF V A R I A T I O N S  I N  
l F L U E N C I V G  THF V O L U N T A R Y  I N T P K E  O f  H E R B A G E  R V  R U M I N A N T S  - 
TARY I N T A K E  I /  1965. S Y M P O S I U M  ON F A C T O R S  I N F L U E N C I N G  THE 

I G E S T I B I L I T Y  OF FORAGES 8 V  THE I N  V I T R O  D I G E S T I O N  OF C E L L  
1950 .  T H E  DECARBOXYLATION OF SuccrNtc e t 1 0  a y  

1955. A M E T H O D  FOR T H F  STUDY OF C E L L I I L O S E  D I G E S T K O N  B Y  
D I G E S T I O Y  BY RUMEN M I C R O O R G A N I S M S  1964. THE E F F E C T S  OF 
I D  P R O D U C T I O N  AVO P I I C R O R I A L  A C T I V Z T Y  I N  D A I R Y  H E I F E R S  A N 0  

1962. E F F E C T  OF GAMMA R A D I A T I O N  ON THF U T I L I Z A T I O N  OF 
GES OF M A T U S I T Y  1963. THE I N  V I T R O  O I G E S T T E I L I T Y  OF 
I T R O  DRY M A T T E R  D I G E S T I B I L I T Y  OF E I G l  1964. T H E  E F F E C T  OF 
L A 4 O R A T 0 9 Y  I V .  W I T H I N  AND AMONG T R I A L  Y A R I A R I L I T Y  O F  T H E  

1946. F E R R F N T A T I C N  O F  

/HE A L I M E N T A R Y  Tr lACT O F  THE M E R I N O  S H E E P  r N  S O U T H  A F R I C A  
B O T A N I C A L  C O /  J966. A Y  E V A L U A T I O N  OF P A S T U R E  Q U A L I T Y  k I T H  
0. 4 C O M P A R I S O N  OF T H E  RIJMEN F E R M E N T A T I f l N  I N  EUROPEAN A N 0  

GEN T O  P R O T E I N  P Y  M I C R O - O R G A N I S M S  FROM THF COW S RUMEN 
N 11. T H F  C O N V E R S I O N  OF U R F A  TO d M M O N I d  
N 111. T H E  S Y N T H f S I S  AND BREAKDOWN OF P R O T E I Y  I N  R U V E N  l /  

ROTOZOA 3F THE RUMEN O F  THE B O V I N E  
N IV .  THE I S O L A T I O N  OF T H E  S Y N T H E S I Z E 0  M e T E R I A L  AND T H E /  
THE RUMEY OF T H F  S H E F P  
RS I N F L U E N C I N G  RUMEN M I C R O F L O R A  
T E R I A  
N CHROMATOGRAM TO T H E  E S T I N l T I O N  OF V O L A T I L E  F A T T Y  A C I D S  

CUM ) W I T H  S P E C I A L  R E F E R F N C E  TO T H E  D E C O M P O S I T I O N  OF STR/ 

A 
O R G A N I S M S  FROM THE RUMEN O F  SHEEP 
EN D I G E S T I O ' J  

IN0 SHEEP I N  SOUTH A F R I C A  X V I .  T H F  F A T F  OF N I T R A T E  I N  R I  
T Y  ROUGHAGFS U S I V S  AN A R T I F I C I A L  RUMEN 
S H E D  S U S P E N S I O N S  OF RUMEN B A C T E R I A  

T H F  B O V I N E  RUMEN V I .  THE E F F F C T  OF M E T A l S  ON T H E  A C T I V /  
E N C I N G  C E L L U L O S F  D I G E S T I O N  R Y  RUMEN M I C R D O R G A Y I S M S  
R O T E I N  I V F L U E N C E S  U P O N  U R E A  U T I L I Z A T I O N  RY RUMEN M I C R O O R l  
N I C  A C I D ,  FROM THE RUMEN O F  S H E E P  

V I T R O  
V I T R O  
V I T R C  
V I T R O  
V I T R C  
V I  TRC 
V I T R O  
V I T R O  
V I T R O  
V I T R O  

V I T R C  
V l T R O  
V I T R O  
V I  VAR 
V I V O  

v r r w  

KiJVEN F E R M E N T A T I O N S  / L L  GLASS,  S E M I P E R M E A R  
R U P F N  PROCECURE - I Y P R O V E D  I N O C U L U M  PREPAR 
l l i  P I  N P N T  DI C f ST I D Y  STUD I FS 1966. I N  
S T U D I E S  OF RUYEN M I C R O O R C A Y I S H S ,  U S I N G  4 C 
S T U D I E S  CN TPE E F F F C T  O F  P H  AND OF GLUCOSF 
S T U C I F S  W I T H  RUMEN M I C R O - O R G A N I S P S  I N  SO-C 
S T U D Y  OF S T I N C A S O  FORAGES 
STIJDY OF TPE I N F L U F N C F  O F  T H F  E X T R A C T I O Y  0 
s Y s r E P  T O  T H ~  STIJOY OF S T A R C H  FERMENTATION 
T t C H N I Q U F  / 6 h .  1 t . E  P R F D l C T I O N  OF O l G f S T I B  
T F C H N I O I J F S  1 9 6 4 .  THE YEASUREMENT OF YUTR 
T E C H h I Q U F S  AYE THE F F F f C r S  OF D I E T  UPON T H  
UPON T H F  M I C R O B I A L  PROCESSES I N  T H E  RUMEN 
UREA U T I L I Z A T I O N  RY RUMFN M I C R O O R G A N I S V S  I 

T E C H N I C U E S  

V I V O  / R U V t h A L  F L C 9 A  S T U C I E S  I N  T H F  S H E E P  I X .  T 

V J V O  A N D  I N  V I T R O  P E A S U R F M E N T S  OF T H E  D I G E S T I R l L  

V I V O  dYD I N  V I T R O  RUMEN F E R M E N T A T I O N S  
V I V O  AND I N  V I T R O  T F C F Y I Q U E S  1 9 6 4 .  T H E  MFASURE 
V I V O  A R T I F I C I A L  R U P F N  { V I V A R  I T E C H N I Q U E S  

1961. E F F t C  V I V O  BY RUMEN P I C R O O R G A N I S M S  
V I V O  DRY P A T T E R  C I G E S T I B I L I T Y  /TRO C E L L U L O S F  DIG 
V I V O  P E A S U R E S  OF C I C E S T I R I L I T Y  AND C H E M I C A L  C O M /  
V I V C .  ON THE C E L L U L O L Y T I C  A C T I V I T Y  OF THE H F A R T  
V C L A T I L E  A C I D  F R A C T I O N  OF RUMEN F L U I D  / A C T O R S  NE 
V C L A T I L E  F A T T Y  A C I D  C O N C E N T R A T I O N S  AND P R O P O R T I O  
V C L A T I L E  F A T T Y  A C I O  GROWTH FACTOR F O R  C E L L U L D L Y T  
V O L A T I L E  F A T T Y  R C I O  P R O D U C T I O N  1 OF P E L L E T I N G  A L  
V C L A T I L E  F A T T Y  A C I D  P R O C U C T I O N  I N  T H E  A R T I F I C I A L  
V O L A T I L F  F A T T Y  ACIO P R O D U C T I O N  I N  T H E  RUNEW 
V C L A T I L E  F A T T Y  P C I D  P R O C U C T I O N  I N  V I V O  A N D  I N  V /  
V O L A T I L E  F A T T Y  d C I r S  1946. THE A P P L I C A r l O N  OF T 
V O L A T I L E  F A T T Y  4CICS / G A T I O N S  1. V A R I A B I L I T Y  OF 
V C L A T T L E  F A T T Y  ACIDS / V I T R O  T E C W I Q U E S  A N 0  THE E 

VIVO n N c  I N  vx rao  /EFFECT O F  PPYSICAL FORM OF R A  

VIVO AND r y  VITRC UUTRITIONAL REQUIRFHENTS OF RU 

V O L A T I L E  F A T T Y  A C I D S  FROM G R A S S  B Y  RUMEN L I Q U O R  
V C L A T I L E  F A T T Y  A C I C S  IN THE RUMEN 
V O L A T I L E  F A T T Y  A C I D S  ON C E L L U L O S E  D I G E S T I O N  /PRO 
VOLUME AND A S S O C I A T E D  E F F E C T S  AS F A C T O R S  I N F L U E N  
VOLUlvE AS A F A C T O R  I N V O L V E D  IN I N O I V I O U A L  S H E E P  
VOLUME flF I N O C I J L A  ON THE I N  V I T R O  C E L L U L O S F  D l G E  
V O L U N T A R Y  I N T A K E  I N  R E L A T I O N  TO C H E M I C A L  COMPOS/ 
V C L U N T A R Y  I N T A K E  C F  HERBAGE RY R U M I N A N T S  - VOLUN 

w 

H A S H E D  S U S P E N S I O N S  OF RUMEN B A C T E R I A  
WASHEO S U S P E N S I O N S  OF QUMEN M I C R O O R G A N I S M S  
WATER F X T R A C T S  OF FORAGES ON I N  V I T R O  C E L L U L O S E  
WFTHER / E V U L I N t C  A C T O  ON D I G f S T I B I L I T Y t  F A T T Y  A t  
WHEAT STRAW B Y  RUMEN M I C R O O R G A N I S M S  
WHOLE GRASSES ANC T H E I R  P A R T S  AT P R O G R E S S I V E  STA 
W I k T E R  H U R N  O N  THE C H E M t C A L  C O M P O S I T I O N  AND I N  V 
W I S C O N S I N  A R T I F I C I A L  RUMEN PROCEDURE /ES IN THF 
HCCO-OUST BY C E L L U L O S E  B A C T E R I A  

1 9 6 6 .  E S T I M A T I O N  OF THE TRUE D 

x - Y -  Z 

X V I .  T H F  F A T E  OF N I T R A T E  I N  R U M I N A L  I N G E S T A  A S  / 
YCUNG G R A Z I N G  SHEEPI 11. C H E M I C A L  C O M P O S I T I O N t  
ZEBU C A T T L E  I 9 6  

1940. T H E  I N  V I T R O  C O N V E R S I O N  U F  I N O R G A Y I C  N I T R O  
1 9 4 3 .  T H F  U T I L I Z A T I O N  O F  UREA I N  T H F  R O V I N F  RUME 
1943. T H F  U T I L I Z A T I O N  O F  IJREA I N  T H E  R O V I N E  RUPF 
1 9 4 4 .  D I G F S T I O N  I N  T V E  R U M I N A N T  
1 9 4 4 .  T H F  S I G N I F I C A Y C E  OF THE R A C T E R I A  A N 0  THE P 
1 9 4 4 .  THE U T I L I Z A T I O N  O F  UREA I N  THE R O V I N E  RUME 
1 9 4 5 - 1 9 4 6 .  T H E  F E R W E N T A T I O N  O F  C A R B O H Y D R A T E S  I N  

1 9 4 6 .  F E R P F N T A T I C N  OF WOOD-DUST R Y  C E L L U L O S E  RAC 
1946. T H E  A P P L I C A T I O N  O F  T H E  S I L I C A  G F L  P A R T I T I O  
1946. T H E  S Y M B I O T I C  U T I l I Z A T I f l N  O F  C E L L U L O S E  
1947. M I C R O B I A L  C I C E S T I O N  I N  THE RUMEN I AND CAE 
1 9 4 7 .  R U P E N  D I G E S T I O N  S T U D I E S  
f748. T H E  COMPOSTTI f lN  ANC O U T P U T  OF S H E E P S  S A L l V  
1948. T H F  F E R M E N T P T I O N  OF C f L L U L D S E  I N  V I T R O  B Y  
1949. A NEW METHOI: FOR T V E  STUDY I N  V I T R O  OF R U P  
1949. R U M I N A N T  O I G f S T I O M  
1949. S T U D I E S  O N  T H E  A L I M E N T A R Y  T R A C T  O F  THE MER 
1 9 5 0 .  C E L L U L O S E  D I G E S T I O N  IN GOOD AND POOR Q U A L 1  
1 9 5 0 .  T H E  C E C A R P O X Y L A T I O N  OF S U C C I N I C  A C I D  HY WA 
1950 .  THF U T I L f Z A T f D N  OF NOW P R O T E I N  Y I T R O G E N  I N  
I 9 5 0 . P R E L I M I N A R Y  O l3SERVATIONS UPON F A C T O R S  I N F L U  
1951. I N  V I T R O  O R S F R V d T I O N S  UPON THE N A T U R E  OF P 
1951. I S O L A T I O N  OF P B A C T F R I U M ,  P R O D U C I N G  P R O P I D  

1 9 ~ 6 .  a PRELIMINPRY REPORT ON THE STUOY OF F A C T O  
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H S P E C I I L  REFERENCE TO COTTON T E X T I L E S  1 9 5 1 .  
RCES O F  EYERGY UPON I N  V I T R O  UREA U T I L I Z A T I O N  f lY RUMEN M/ 1 9 5 1 .  
BY  V E I L L O N E L L P  GAZOGENES 1 9 5  I. 
flY PROP1 ON I B  ACTER I A 1 9 5 1 .  
T S  1952 .  
I O N S  OF T H E  B A C T E R I O L O G Y  OF B O V I N E  RUMEY COYTENTS 1952, 
F B O V I N E  RU ' tEN B A C T E R I A  1 9 5 3 .  
C R O E I A L  A C T I V I T Y  3 F  RUMEN W I T H  A P P L I C A T I O Y  TO U T I L I Z A T I O /  1 9 5 3 .  
T E R I 8  I N  T N  RUMEV OF C O Y 8  F E O  O I F F E R E N T  ? A T I O N S  1 9 5 3 .  
TROGEN S3URCCS FOR RUMEN M I C R O O R G A N I S M S  - URFA U T I L I Z A T I l  1 9 5 4 .  
I A L  P U P t V  1 9 5 4 .  
E L L U L O L Y T I C  CNZYMES 1 9 5 4 .  
O O R G A N I S 4 S  8 N D  I T S  S T I M U L A T I O N  B Y  F I S H E R Y  BY P R O D U C l S  1 9 5 4 .  
N SHORT C H A I N E D  F A T T Y  A C I D S  1 9 5 4 .  
I O N  6 1  WASHEII  S U S P E N S I O N S  OF RUYCN M I C R O O R G A N I S M S  1 9 5 5 .  

1 9 5 5 .  
O I O E S - S U C C I V O G E N E S  I N  T H E  V O L A T I L E  A C I D  F R A C T I O N  OF RUME/ 1955. 
HORUS A V A l L A B i L I T Y  O F  F E E D  S U P P L E M E N T S  F E D  TO R U M I N A N T S  1956. 
I N  V I T R O  S T U U I E S  W I T H  RUHEY M I C R O - O R G A N I S Y S  I N  SO-CALLED/  1 9 5 6 .  
SE  G I G E S T I O V  1956. 
N T S  OF RUMEY d I C R O O R G A N I S M S  1956. 

1 9 5 6 .  
UMEY M I C Y O R I A L  FNO-PRODUCTS I N  F R E E - G R A Z I Y G  SHEEP 1 9 5 6 .  

I N G E S T A  OF T H E  B O V I N L  4UMEt I  1956. 
I N  V I T R 3  C E L L U L O S E  D I G E S T I O N  RY RUMEN P I C R O O R G A N I S P S  1956- 

I O N ,  C E L L U L O S E  O I G E S T I O N ~  AND f A T r Y  A C I D  F O R M A T I O N  1956. 

M I C R O B I A L  C E C O b q P O S I T I O N  OF C E L L U L O S E  - W I T  
T H E  I N F L U E N C E  O F  O I F F E R t N T  AMOUNTS AND SOU 
T H E  M E C H A N I S M  OF P R O P I O N I C  A C I D  F O R M A T I O U  
THE M E C H A N I S M  OF P R O P I O N I C  A C I O  F O R P A T I O N  
RUPEN A N 0  CAECAL M I C R O O R G A N I S M S  A S  S Y M B I O N  
T E C H N I Q U E S  EMPLOYED I N  C U L T U R A L  I N V E S T I G A T  
C A T d B C L I C  R E A C T I O N S  O F  M I X E D  S U S P E N S I O N S  0 
" A N C M E T K I C  P'ETFOO FOR T' IE F V A l U A T I O N  OF P i  
NUMBERS 8NC SOCE PREDOMINANT GROUPS OF BAC 
C C M P A R I S O N  O F  UREA A N 0  P R O T E I N  M E A L S  A S  N I  
F I 6 t R  D I G E S T I O N  U S I N G  T H E  M I N A T U R E  A R T I F I C  
H Y D R O L Y T I C  PROCUCTS O F  C E L L U L O S E  A N 0  THF C 
I N  V I T R O  C E L L U L O S E  D I G E S T I O N  BY RUF E N  C I C R  
T H E  C E L L U L O L Y T I C  F I C T O R  A C T I V I T Y  O F  C E R C A l  
A METHOD f P R  T H E  STUDY O F  C E L L U L O S E  D I G E S T  
A S A M P L I N G  TURE FOR RUMEN F L U I D  
FACTORS NECESSARY FOR T H E  GRCWTH OF F A C T E R  
A L 4 B C R A T O R Y  T E C H N l O U E  FOR M E A S U R I N G  PHOSI' 
C R I T E R I A  FOR E S T A B L I S H I N G  T H E  V A L I D I T Y  OF 
FACTORS I N F L U E N C I N G  I N  V I T R O  RUMFN C E L L U L O  
I h  V I V O  ANC I N  V I T R O  N U T R I T I O N A L  R E Q I J I R E C E  
P R O T E O L Y S I S  BY RUMEN MICRO-ORGANISMS 
RUW'TN S T U C I E S  I N  SHEEP. 1. V A R I A T I O N  I N  R 
S T R A T I F I C A T I C N S  ANC K I N E T I C  C P t * ' C E S  I N  THE 
T H E  E F F E C T  O F  C P L O R T E T R A C Y C L I N E  F E E D I N G  C'u 
T H F  R C L F  OF CARBOPYDQATES I N  UREA U T I L I L A T  

I V h r l  1 9 6 1 .  SPYF A S P E C T S  OF RUMEN M I C R O B I C L O G Y  1956- .I 

H AND WITHOUT AIJRCOMYCIN, ON I N  VITRO OIGFSTION OF r E L L u i  1 9 5 7 .  EFFECTS OF COYBINATIONS OF FEEDSTUFFS,  W I T  
Y A C I D S  FROM GRASS RY RUM" L I P U O R  I N  AN A R T I F I C I A L  RUMEN 1 9 5 7 .  S T U D I E S  ON Ti-'€ P R O O U C T I O N  OF V O L A T I L E  F A T T  

ANC I N  T H E  Y A T I O Y  OF STEERS 1 9 5 7 -  T H E  I h F L U F N C E  OF SOOIU'f B F N T O N I T E  I N  V I T R O  
ACE T E N S I O Y  AYD P H  O F  RUSEY P L U I D  1 9 5 7 -  T H F  I N F L U C N C '  OF V A R I O U S  FACTORS UPON SURF 
O D U C T I O N  I Y  THE A R T I F I C I A L  RUCEN A S  I N D I C E S  O F  FORAGE oU/ 1958- DRY MATTER L O S S  AND V O L A T I L E  F A T T Y  K I D  OR 
T R O  COUTINIJ7US FLOW S Y S T E P  ON A P R O T E I N - F R E E  D I E T  1 9 5 8 .  GROWTH OF RUMEN M I C R O O R G A N I S M S  I N  A N  I N  V I  
ACTERI IJM R U M I N A Y T I U C  N. SP. 1 9 5 8 .  I S O L d T I O N  ANC C H d R b C i t R I Z A T I O N  O F  METHANOB 
s FOR CELLUI n s t  DIGESTION IN VITRO 1958 .  V I N C R A L  R E C L I R E 4 t N T  O F  RUMEN M I C R O O R G A N I S M  
I M P R O V E D  I Y 3 T l J L U M  P R E P A R A T I O N  AND T H t  E F F F C T S  OF V C L A T I L l  1 9 5 8 .  S T U P I E S  ON T r i E  I N  V I T R O  RUMEN PROCEDURE - 
V I V O ,  ON T I iT  C F L L U L O L Y T I C  A C T I V I T Y  OF THE H E A R T  B E A T  OF 1 9 5 8 -  T H E  A C T I O N  O F  SACCHARIDE,  I N  V I T R O  &NO I N  
N I Q U E  T O  T'iE E S T I Y A T I O N  O F  GROSS D I G E S T I B L E  EYERGY OF F O /  1 9 5 8 -  T H E  A C 4 P T A T I O N  OF ON A R T I F I C I A L  R U C F N  TECH 
I C A T I O N  3 N  T H E  P I G E S T I O Y  OF C E L L U L O S E  I N  FORAGF P L A N T S  B I  1 9 5 8 -  T H F  E F F E C T  C F  STAGE O F  M A l U H i T Y  AND L I G N I F  
F E E L I N G  O Y  SOME A C T I V I T I F S  OF RUMEN M I C R O O R G A N I S M S  I h  V I /  1958- T H E  E F F E C T  C F  S T A R V A T I O N  A N 0  SUBSEQUENT RE 

S O P €  P L A V T  F R A C T I O V S  B Y  KUMEN M I C R O O R G A N I S M S  IY V I T R O  1958- THE R A T E S  CF G I G E S T I O N  O F  T H F  C E L L U L O S E  OF 
A C I C  D U R I N G  T H E  D I G F S T I O N  OF GLUCOSF, STARCH AND C E L L U L O I  1 9 5 8 .  U T I L I Z A T I O \  AN0  / OR 8 Y N T : i E S I S  OF V A L E Q I C  
U L O L Y T I C  C O C C I  OF B O V I N E  R U Y F N  1 9 5 8 .  V O L A T I L E  F A T l Y  A C I D  GROWTH FACTOR FOR C F L L  
I A T E O  P R 3 D U C T S  TO A O V I N F  RUMEN M I C R O O R G A N I S T S  1959. A V A I L A B I L I T Y  O F  T F E  N I T R O G E Y  I N  SOME APCON 
O F  T H E  D I G E S T I B I L I T Y  OF FORAGE C E L L U L O S F  I Y  Q U M I N A N T S  1 9 5 9 .  C E L L U L O S F  C I G E S T I O N  I N  V I T R O  AS A MFASURE 
C O M P O S I T I O Y S  OF THE R 8 T I O N  ON RUYEN M 1 C R 0 9 1 A L  A C T I V I T Y  1 9 5 9 -  t F F E C T  OF V l N O R  CHAYGES I N  T H E  I N G R E D I E N T  
F GLUCOSE 0'4 A M Y O N I A  A C C U M U L A T I O N  I N  T H E  OUMEN OF SHEEP 1059- I N  V I T R O  S T U C I E S  ON TPE E F F E C T  O F  P H  AND 0 

1959. C I C C R B I A L  F E R M E N T A T I O N  I N  C E R T A I N  CAPMALS 

1 9 5 7 -  T H E  A A C T E R I C L O G Y  OF T H E  A R T I F I C I A L  RUMEN 

O R I A L  P R J C E S S E S  I V  THE RUMEN COUTENTS OF THE COW 1 9 5 9 .  ON THE E F F E C T  OF P H  I N  V I T R O  IJPOY THE M l C R  
QOM O I F F E R F U T  S I IPPLEMENTY 1 9 5 9 .  Q E S P O N S F  RY RUCEN M I C R O R E S  T O  PHOSPHOQUS F 
E E F F E C T  OF P H  ON THE C l L I 8 T E  P O P U L A T I O N  r F  THE R U P F h  I N /  1 9 5 9 .  R U M I Y A L  F L C R A  S T U C I E S  I N  THE SHEEP I X .  TH 

E F F F C T S  OF D I E T  UPON T H E  PROOUCTIOY AND Q E C Y C L I N G  OF R U I  1959. S T U D I E S  OF T t J E  I Y  V I T R O  T E C H N I Q U E S  AND THE 

T F R  1 0 5 9 .  T H F  I N  VTTRC C I G E S T I O N  O F  ROUGHAGF ORY M A T  
FS CF P U ? I F I E D  C F L L U L O S E ?  AND FORAGE C E L L L L O S E S  ON T P E I R I  1959. T H E  [ N F L U E h C F  OF C E R T A I Y  P H Y S I C 4 L  P R O P F R T I  
OUGPAGE AS I Y F L U F V C E O  RY E T H Y L  ALCOHOL 1 9 5 9 .  T P E  K A T E  AhC M A G N I T U D F  O F  D I G E S T I O N  OF A Q 
S T I M A T E  THE Y U T R I T I V E  V A L U E  OF FORAGES 1 9 5 9 .  l JSF  OF T H E  A R T I F I C I A L  RUMEN TCC' iN IOUE T O  E 
S 1960- A C O M P A R I S C h  OF A R T I F I C I A L  RUMEN T E C H N I O U E  

L E  PEMBRAYE AVO CONTINUOUS FLOW T Y P E S  OF 4 P P A R A T U S  FCR I /  1960- A C O C P A R I S C h  OF T H E  A L L  GLASS, S F M I P E R ~ E A B  
CURCPEAV AVD Z F " U  C A T T L F  1960- A C O M P A R I S C h  OF T h E  RUMFN F C R # E Y T A T I O N  I N  
T Y  OF F E E D S T U F F  C F L L I J L O S L  I Y  THE B O V I N E  R U M E N  1960- CRYSTAIIIYITY OF C F L L U L O S E  AND O I G E S T I R I L I  
MEN F E R M F Y T A T I O V  1 9 6 0 .  F F F F C T  OF SFVERAL V A R I A B L E S  O Y  I Y  V I T R O  R U  

D E S I G N F D  F 3 R  C C N T I N U O U S  CONTROL D U R I N G  PROLONGEC O P E R A T I  1960. E V A L U A T I O N  C F  AN I P P R O V E D  A R T I F I C I A L  RUHFN 
G R A S S E S  1.4 THE R L J M C N  OF s i i r r p  1960- P F T 4 B O L I S "  C F  TI-E S O L U B L F  C A R B O H Y D R I T E S  OF 
A FORAGE F i O M  1'4 V I T R O  KUYEY F E R M C N T A T I O ' I  O A T 8  1960. P R E O I C T I G V  C F  TkF Y U T R I T I V E  V A L U E  I N D E X  OF 

Y V I T R O  A C T I V I T Y  A S  A F F E C T E D  BY R A T I O N  CHANGE AVO SFASON 1960. Q U V I N A L  V A R I A T I O N  I N  PHI TEMPERATURE AND 1 

ACT OF L I V E S T O C K  I .  OBETPOO FOR T H E  C U L T U A E  OF T H E  B O C T E /  1 9 6 0 .  S T U D I E S  ON V I C R O F L O R I  I N  THE A L I M E N T A R Y  T Q  
hCT O F  L I V E S T O C K  1 1 .  B A C T E R I A L  F L O R A  I Y  THE RUMEY OF G O /  1960- S T U O I E S  ON M I C R O F L O R A  1'4 THE A L I P E N T A R Y  TR 
RilMFY R C C T E R I 4  I P T A I N E O  P Y  D I f F E R C N T I A L  C F N T R I F U G A T I C h  1960. S T U C I E S  W I T t  TPE C E L L U L O L Y T I C  F R A C T I O N  OF 
COLOGY 1 .  M I C 9 n B I A L  ECOLOGY OF T H E  RUMEN 1960. S Y P P O S I U C  - S F L E C T E D  T O P I C S  I Y  Y I C R O P I A L  E 
F CROPS 1960. T H E  DRY MATTFR C I G E S T I O N  I N  V I T R O  OF F 0 9 A G  

N V I T R O  1961. A C T I V I T I F S  OF C R I E C  RUMFN M I C R O O R G A Y I S P S  1 
R R U M I V b L  f l A C T E R I A  AND I T S  U S E  I N  O E T E R P I U I N G  D I U R N A L  V A /  1961. AN I P P R O V E G  N O N S F L F C T I V E  C U L r U R E  M E O I U ?  F O  
I N  V I V O  AVO I Y  ' V I T R O  RUPFY F E R M F N T A T I O N S  1 9 6 1 .  P I O C H E M I C A L  4YC M I C R O S C O P I C  C O M P A R I S O N  OF 
IJS R A T I O S  4UD L F V F L S  U P V N  I N  V I T R O  A v A I L A R I L I T Y  O F  P P Y T I I  1 9 6 1 .  C C C P A R A T I V E  F F F E C T S  O F  C A L C I U P  T O  PPOSPltOR 

M A J O R  C O N S T I T U F N T S  OF THE SUVYFR D I E T  OF RANGE SHEEP 1961. C C C P A R A T I V E  I N  V I T R O  C I G F S T I R I L I T Y  OF SOPE 
MAJOR C O Y S T I T U F U T S  OF T H E  SUMMER D I E T  P F  RANGF SHFFP 1961- C O V P I R A T I V F  lN V I T R ' )  O I G E S T I H I L I T Y  OF SOPE 

1 9 5 9 .  T P E  E h i Z Y C I C  C E C O M P O S I T I O N  O F  C E L L U L O S E  

90 AVO I Y  V I V O  1960. A C C C P A R I F C ~  OF C E L L U L O S E  DIGESTION IN v r T  

D e y  PURF CULTUSE s T i i n i t \  OF THE IYDIGENOLS F L O R A  1 9 6 0 .  s r P E  A S P E C T S  O F  RUMINAL PETABOLISM R E V E A L E  

1 9 6 1 .  A S T Q I N G F h T  T E S T  FOR THF A R T I F I C I A L  RUMEY 

Z HUMEN F C R Y E Y T P T I O N  1961.  CONTINUOUS CULTURE as A METHOD FOR STUDYIN 
R U M l V A N T  1 9 6 1 .  D I G E S T I V E  P I -YSIOLDGY A N 0  N U T R I T I O N  OF THE 
MAY ON I T S  C H E M I C A L  C O M P O S I T I O N ,  N U T R I E Y T  O I G E S T I B I L I T Y  / 1 9 6 1 -  E F F F C T  OF FOUR M A T U R I T Y  STAGES O F  T I V O T H Y  
P Y  RUMEY M i C R O O Q G A N I S M S  1 9 6 1 .  E F F F C T  OF H E n T I Y G  STPRCH OY I T S  D I G E S T I O N  

F A T T Y  A L I O  P R O P U C T I O N  AND P I C R O B I A L  A C T I V I T Y  I Y  D A I R Y  H I  1 9 6 1 .  F F F E C T  OF L E V U L I N I C  A C I O  04 D I G E S T I R I L I T Y ,  
FORMS 01 I U  V I T R 3  C E L L U L O S F  D I G E S T I O U  RY RUMEN M I C R C C R G l  1961. F F F F C T  OF PCOSPHORUS I N  O I F F E R E Y T  C H F P I C A L  

L O S F  I N  V I T R O  A'iO I14 V I V O  R Y  RUPEN M I C R O O 7 G A Y I S M S  1961. E F F F C T  CF STARCH ON TPE O I G E S T I O Y  OF C E L L U  
CRUCE C E L L U L O S E  D I G E S T I R I L I T Y  RY SHEEP 1961- E F F F C T  CF V A R I O U S  C A T I O N S  AYO CORN O I L  ON 
K A C T I O V  3 F  9 0 1 1 A T I C  E X T R A C T S  OF FORAGE ON THF GROWTH OF fl/ 1961. l h  V I T R O  STUOY O F  THE I Y F L U E N C E  OF THE F X T  
L L ' J I  3 S E  F E R Y E N T  I Y G  R A C T F R I U V  FROM THE SHEFP Q U Y E N  1961. I S O L A T I O N  ANn C h A R A C T E R I Z A T I O N  O F  A H E M I C F  
AL  GAS P2,ODUCTI"N FROM T H F  A R T I F I C I A L  R U M i N  T O  E S T 1 " A T E  I 1961-  P R E L I P ' I N A R Y  C R S E R V A T I O N S  ON Tt-E U S E  OF TOT 

1 9 6 1 .  e E A C T I O V S  I N  T b E  RUMEN 
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60 1961. SCCF A S P f C T S  OF R U P E N  M I C R O R t O L O G Y  1 9 5 6 - 1 9  
P O R T I O N S  I V  THE G A S T R O I V T E S T I V A L  T R A C T  OF F U L L - F E D  P F F F  / 1961. V O L A T I L E  F A T T Y  A C I D  C O N C t N T R A T I O Y S  AN0 090 
A X I M U Y  C F I  I V I  O S F  O I G E S T I C N  B Y  RUMFN O R G A N I S M S  I N  V I r R O  I P ~ I . C E L L U L O S F I  STARCH AND N i T K O G f N  C F V F L S  F O K  b‘ 

UOY OF S T A R C Y  F E R M E N T A T I O N  RY RUMEN E A C T F S I A  1962. A D A P T A T I O N  OF AN I N  V I T R O  S Y S T E Y  T O  T H F  5T 
T H  S T U O I E S  3’4 T H f  R f L A T I V F  V A L U t  OF D I F F E R E V T  R A T I O N  COY/ 1 9 6 2 .  A h  I N  V I T R O  A R T I F I C I A L  RUMEN T F f H N I Q U F ,  W I  
I L I T Y  OF ORY M A T T E R  AND C E L L U L O S E  O I G E S T I I ? I L I T Y  ANC PROO/ 1962. A R T I F I C I A L  QUbEh I N V E S T I G P T I O N S  1. V A R I A R  
I A T I O N S  R E T W F F V  I V  V I T R O  AND I N  V I V O  M E A S U R E S  OF C I G E S T I /  1 9 6 2 -  A R T I I - I C I A L  RUPEN I N V E S T I G A T I O V S  I!. CORRE 
I T I O N  OF THE P O P U L A T I O Y  ON A D I E T  OF POOR T E F F  H A Y  1962. B A C T F R I A  OF THF O V I N E  RUMEV I .  T H t  COMPOS 
I O V A L  GROUPS F E P M E N T I Y G  C 4 R R O H Y O R L T E S  ANI) L A C T A T F  OW A O /  1967. R P L T E R I A  nF T H F  O V I N F  R U V F V  11. T H F  F U Y C T  
C I O  P R O D U C T I O N  I N  THF RUMEN 1962. D I E T A R Y  F A C T O R S  A F F E C T I N G  V O L A T I L E  F A T T Y  A 
d H E N  E S T I M A r I Y L  P U T R I T I V F  V 4 l l J F  FRO?’ I N  V I T R O  C C L L U L C S E  / 1962. O I S C R F P A N C I E S  BETv iFFN GRi lSSES A V O  A L F A L F A  
T T Y P E  OF C C L L U L O S E  O I G F S T I N G  B A C T E R I A  I N  T H F  R U M F N  C F  S /  1962. F F F F C T  O f  CHANCE OF O I E T  ON T H F  P R F D O M I N A N  
ON OF WHEAT STRAW BY RUMFN M I C R O O T G A N I S M S  1962. F F F E C T  OF G b P Y P  R A O J A T I O N  ON T H F  U T I 1  I Z A T I  
S P R O D U C T I O V I  C F L L U L O S F  O I G F S T I O N  AN0 V n L A T I L E  F A T T Y  A C l /  1 9 6 2 .  ‘ F F f C T  OF P C L L E T I Y r  A L F 4 L F A  ON I N  V I T R O  GA 

1- S I M P L I F I E D  A R T I F I C I A L  R U Y E N  PROCEDURF FOR O B T A I N I N G  R /  1962. F V A L U A T I C R  C F  FORAGES IP T H E  L A B O R A T O R Y  I 
U S I N G  A C O N T I N U X S  FLOW S Y S T E M  1962. l h  V I T R O  S T U C I E S  OF RUMEN M I C R O O R G A N I S M S I  
D FORAGES 1962. I N T F R - L P R O R P T O R Y  I N  V I T R O  STIJOY OF S T A h D A R  
OM THE R U M E l  OF B L O A T I N G  C A T T L E  ON L A D I N O  CLOVER P A S T U R E  1962. I S O L A T I O N  CF S A P O N I Y  D I G E S T I N G  B A C T E R I A  F R  
RANGE FORAGES 1962. M I C R O  METHCCS FOR N U T R I T I V C  € V A L U A T I O N  OF 
1 T E C H N I Q U E S  1962. M f l O l F I E D  I h  V I V O  A R T I F I C I A L  RUMEN V I V A R  

FORAGES FED CHOPPEO OR GROUND U S I N G  AN I Y  V I T R O  RUMEN F I  1962. P R E D I C T I O N  OF T H E  N U T R I T I V E  V A L U E  I N D E X  OF 
F E R M E N T A T I O V  TO F O R L G E  F F E D I N G  VAL IJF  1962. R F L A T I O N  OF C E R T A I N  E N 0  PRODUCTS O F  RIJMFN 
AC P O P U L A T I O N  1962. SOME F A C T O R S  I N F L U E N C I N G  THE RUMEN P I C R O R I  
F I S T U L A T E D  A Y I M A L S  AND S T A N D A R D I Z A T I O N  OF METHODS 1962. S T U D I t S  ON RUMEN P H Y S I O L O G Y  I. GROWTH O F  
F S T I B I L I T Y  O F  U Y D R I E D  A N 0  D R I E D  M I X E D  F n R b G E S  TO T H E I R  I /  1967. T H E  R E L A T I C N S W I P  OF I N  V I T R O  C E L L U L O S E  D I G  
QUE ro PREDICT THE NUTRITIVE VALUE OF FOWGES 1 9 6 2 .  U S E  OF AN I h  V I T R O  F N Z Y Y F  D I G E S T I O N  T E C H N I  
E S T I O N  OF F D R A G F  CROPS 1963. A TWO S T A G E  T E C H Y I P U E  FOR T H F  I N  V I T R O  D I G  
T l O N  S T U O I E S  1963. AN A R T I F I C I P L  RUMEN S Y S T E M  FOR R A N G E  N U T R l  
E s r i e i L i r v  METHOD TO VARIETY TESTING 1 9 6 3 .  A P P L I C A T I O N S  OF ThE TWO STAGE I V  V I T R O  D I G  
MFNTS OF THE D I G E S T I B I L I T Y  OF FODOER CROPS 1963. C O P P A R I S O Y  OF I N  V I V O  A N D  1% V I T R O  P E A S U R E  
E S T I O N  AVO V O L A T I L E  F A T T Y  A C I D  P R O D U C T I O N  IY V I V O  AVC I N /  1 9 6 3 .  E F F E C T  OF P b Y S I C A L  FORM OF R A T I O N  UPON D I G  
C E L L U L O L Y T I C  RACTER I A  FROM I N  V I T R O  RUMFN F E R M E N T A T I O N S  1963. I S O L A T I  ON PNO C H A R A C T E R l 7 A T  I O N  O F  S E V E R A L  
N T S  - I N  V I T R O  RUMEN F E R M E N T A T I O N  T E C H N I Q U E S  1963. S Y M P O S I U M  CN M I C R O B I A L  D I G F F T I D N  I N  R U M I N A  
N T S  - I O E N T I F I C A T I D N  OF GROLJPS OF A N P E R O B I C  B A C T E R I A  ACT/  1963. S Y M P O S I U M  CN P I C R O R I A L  D I G F S T I O N  I N  R U M I N A  
OF B A C T E R I A  F R O Y  THE RUMEN OF C A T T L E  1963 .  THE C E L L I J L O L Y T I C  A C T I V I T Y  OF P U R E  S T R A I N S  
S AND T H E I R  P A R T S  AT  P R O G R E S S I V E  S T A G E S  OF M A T U R I T Y  1763. T H E  I N  V I T R O  D I G E S T I R I L I T Y  OF WHOLE GRASSE 
D I N G  F O O D S T U F F S  I Y  T H E  RUMEN FOR O E T E R M I N A T I O N  OF THE P A /  1963. T h F  L I M I T A T I O N S  O F  T H E  T E C H N I Q U E  OF S U S P E N  
I O U €  TO E S T I M A T F  T H E  D I G F S T I B L E  E N E R G Y  C O N T E N T  O F  S 0 V E  E /  lc/63. T H E  JJSE OF T H F  I N  V I T R O  F E R M F N T A T I O Y  T E C H N  
C H E P I C A L  S O L U R I L I T Y  METHODS I N  E S T I M A T I N G  FORAGE N U T R I T I l  1 9 6 4 .  A C O M P A R l S C N  rlF I N  V I T R O  F E R M E N T A T I O N  AYO 
OF G R A Z I V G  L I V E S T O C K  U S I N G  M I C R O D I G E S T I O Y  T E C H N I Q U E S  1 7 6 4 .  A VETHOO FOR MEASURFMENT OF FORAGE I N T A K F  
ACHED B A C T E R I A  I N  RUMEN CONTENT 1 7 6 4 .  A PETHOO OF A S S E S S I N G  F R E E - L I V I N G  AND A T 1  
R I M E N T S  1964. A C l C R O  A R T I F I C I A L  R U V E N  FOR I S O T O P I C  E X P E  
METHODS 1 9 6 4 .  C O C P A R I S O N  OF I N  V I T R O  RUMEY F E R M E N T A T I O N  
DEER RUMEY Y I C R O R I A L  F U N C T I O N  1964. E F F E C T S  OF E S S E N T I A L  O I L S  O F  S A G F B R U S H  ON 
V. W I T H I V  A V O  AMONG T R I A L  V A R I A B I L I T Y  OF THE W I S C O N S I N  A /  1 9 6 4 .  E V A L U d T I O N  OF FORACES I N  T H E  L A B O R A T O R Y  I 
IPPEO H E R R A S F ,  &ND S T A N O A R D  S A M P L E S  B Y  C A T T L E  AND SHEEP 1964. M I C R O O I G F S T I C N  OF G R A Z E 0  ANNIJAL FORAGE, C L  
E I N F L U E V C E  OF V A R I A B L E S  ON THE D E T E R M I N A T I O N  O F  THC D I F /  1964. Y U T R I T I V E  V A L U E  O F  THEMEOA T R I d N D R A  1 .  TH 
R O T O 2 0  AL P O P U L A  1 I ON S 1964. R A T I O N  C H A R A C T E R I S T I C S  I N F L U E N C I N G  RUMEN P 
ON OF C F L L U L D S E  AVO D R Y  Y A T T E R  D I G E S T I B I L I T I E S  OF FOQAGES 1964. S I M P L I F I E D  T F C H N I Q U E  FOR I N  V I T R O  C O M P A R I S  
Y O F  R U M I N A L  F E R M E N T A T I O N  I N  V I T R O  1964 .  THE A P P L I C A T I O N  O F  C A L D R l M E T R Y  T O  THE STUD 
NG THE N U T R I T I V E  V A L U E  OF FORAGES 1964. T H E  A R T I F I C I A L - R U M E N  T E C H N I Q U E  OF E S T I M A T I  
O F  P E R E N V I A L  R Y F G R A S S r  COCKSFODTI T I M O T H Y I  T A L L  FESCUE, I 1964. T H E  D I G E S T I B I L I T Y  O F  THE L E A V E S  A N 0  STEM? 

D I G E S T 1 3 Y  BY RlJMFY M I C R O O R G A N I S M S  1 9 6 4 .  T H F  E F F E C T  OF TI ’ IMET ON I N  V I T R O  C E L L U L O S E  
C O M P O S I T I O V  AND I N  V I T R O  DRY M A T T E R  D I G E S T I B I L I T Y  OF E I G I  1964. T H F  E F F E C T  OF W I N T F R  B U R N  ON THE C H E M I C A L  
CULA ON THE I N  V I T R O  C E L L U L O S E  D I G E S T I O N  @Y RUMFN M I C R O O /  1964. T H E  E F F F C T S  OF V A R I A T I O Y S  I N  VOLlJME OF I N 0  
N I N  V I T R O  C F L L I J L O S E  D I G E S T I O N  BY RUMEN M I C R n O R G A N I S W S  1 9 6 4 -  T H E  E F F E f T S  OF WATER F X T R A C T S  OF FORAGES 0 
RLUEGRASS P A S T U K F  U S I N G  t N  V I V O  A N 0  I N  V I T R O  T E C H N I Q U E S  1964- T H E  C F A S U R F M r N T  O F  N U T R I T I V E  Q U A L I T Y  I N  A 
T I V E  POWER Y E A S U R E O  B Y  M I C R O D I G E S T I D N  T E C H N I Q U E S  1 9 6 4 .  V A R I A T I O N S  APONG C A T T L E  AND S H E E P  I N  O I G F S  
E M I - C E L L U L O S F  B Y  PURE C U L T U R F S  OF C E L L U L O T I C  RUMEN D A C T E l  1 9 6 5 .  D E C R A D A T I C h  AND U T I L I Z A T I O Y  OF I S O L A T F O  H 
R E T I C U L O - R U M F V ,  111.  F L U C T U A T I O N S  I N  THE YUMBERS OF R U I  1965- C U 4 N T I T A T I V E  S T U D I E S  OF D I G E S T I O N  I N  THE 
I O N  OF F D R A G F  C E L L U L O S E  D I C F S T I B I L I T V  1965. A PURE C lJLTURF I N O C U L L N  METHOD F O R  E V A L U A T  

V E A S U R I Y G  T H E  D I G E S T I O N  OF FOOOFRS I N  V I T R O  [ A R T I F I C I A L /  1965. AN b T T E M P T  TO S T A N C A R O I Z E  T H F  T E C H N I Q U E  OF 

D R U V E N  M I E R O O R S A V I S H S  1965. C E L L U L A S E  FROM RUMINOCCOCUS ALBIJS  AN0 M I X E  
S T I R l L I f Y  BY I N  V I T R O  F E R M T N T A T I O N S  1 9 6 5 .  D E T F R P I Y d T I O N  OF FORAGE HOI O C E L L U L O S F  D I G E  
R D E T E R Y I N I V G  TWE N U T R I T I V E  VALUE OF F O R A G E S  1965. O E V E L O P M F N T  bNC U S E  O F  C H F M I C A L  P E T H O D S  FO 
E N Z Y M E S  I V  E X T R A C T S  OF RIJMFN M I C R O O R G A N I S M S  1965. E F F F C T  OF C I F T  ON T H F  A C T I V I T Y  O F  S E V E R A L  
f r y  OF  S U B S T R A T E  I N  I N  V I T R O  D I G E S T I O N  T R I A L S  1 9 6 5 .  E F F E C T  CF SOIJRCE OF I N D C U L U M  ON C I G E S T I R I L  
I C R O - O R G A N I S M S  I N  THF RUMEN 1965. F A C T O R S  I h F L U E Y C I N G  NUMBERS A N 0  I ( I N 0 S  OF F 
C E L L U L O S E I  STARCH, A N 0  M E T A R O L I C  I N T E R M F O I A T F S  B Y  B O V I N E /  1965 .  F O R V A T I O Y  Of S V O R T  C H A I N  F A T T Y  A C I D S  FROM 
N OF S H F F P  G R A Z I N G  D E S E R T  RANGE F O R A G E  A S  I N F L U E N C E @  RY I 1965. I h O I C E S  OF E F F I C I E N C Y  OF RUMEN F t R M E N T A T I O  
U C T I O N  A B D  L I V E W E I G H T  G L I N S  I N  L A M B S  1965. I h F L U E N C F  O F  PRCTOZOA UPON RIJMEN A C I D  P R O 0  
Y T R A C T  O F  A N I M A L S  A N D  F 4 C T O R S  A F F E C T I N G  I T S  C O M P O S I T I O N  1965. C B 5 E R V A T I O h S  ON T H E  F L O R A  OF T H E  A L I M E N T A R  
F O I F F E R E Y T  S P E C I E S  OF C E L L U L O L Y T I C  R A C T E i l I A  I N  T H E  RUMEN 1965. P C S S I B L F  F A C T O R S  I N F L U E N C I N G  THE B A L A N C F  0 
E T I C U L O  RIJMEN I .  T O T A L  REMOVAL A N 0  R E T U R Y  O F  D I G F S T d  F O I  1 9 6 5 .  9 U A N T I T A T I V E  S T U D I E S  OF D I C E S T I O N  I N  THE R 
C E L L U L O S E  D I G f S T I R I L l T Y  OF G R A S S F S  AN0 L E G U M E S  1 9 6 5 .  R E L A T I O N S H I P  OF L I G V I F I C A T I O N  TO I N  V I T R O  

A C I C S  I N  THE RUMEV 1965. T H F  R A T E S  O F  P R O D U C T I O N  OF V O L A T I L E  F A T T Y  
U E S  FOR E S T I M A T I N L  FORAGE D I G E S T I B I L I T Y  AUD I N T A K E  1965. U S E  OF I N  V I T R O  RUMEN F E R H E V T A T I O N  T E C H N I Q  
S Y T R I C H A  R U Y I N A T I U M  SCHURERG 1 9 6 6 .  C U L T U R E  OF T H E  RUMFN H O L O T R I C H  C I L i A T E  DA 
170 RUMEN F E R M E N T A T I O N  T E C H N I Q U E S  1 9 6 6 .  T H F  D E V E L O P M E N T  AND A P P L I C A T I O N  O F  I N  V I 1  
C I E S  A N 0  V A R I E T I E S  AND I T S  R E L A T I O N S H I P  W I T H  C U T T I N G  TRE/  1966. THE I N  V I T R O  D I G E S T I B I L I T Y  O F  H F R 8 d G E  SPE 
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