UNITED STATES DEPARTMENT OF ACHICULTURE
Agricultural Research Service

Washington 25, D, C,

February 14, 1962
TO i Participants in Conference on Rume: Punction

FROM : H. W, Marston, Chairmen of Conference, Agriculitural Research
Service, U. 5. Department of Agriculture, Washington 25, D. C.

SUBJECT: Report on Sixth Confersnce on Rumen Funciion

Attached is & 1list of participants and a copy of the abgtracta of papers
mresented at the Confersnce on Rumsn Funetion held at the Maryland Hotel,
Chicage, Illinois, on November 29-30, 1961,

The Conference wes convepned at 9:00 AM on November 20 and was congluded
&t approximately 1:30 FM an November 30.

The Chairmen of the several pansls organized the program for thelr respec-
tive ranels. They, together with the persons who presented papers, are
cormended for the excellent material made available to the group. Those
attending the Conference are alsoc commended for the lively sand interesting
discussions that followed the presentation of the varicus papers. The Con-
ference was most fortunate to have the following persons participate in
the program and to bring socme fresh viewpolnts esnd technigues t¢ the at-
tention of Nortb Americen workers: Dr. K, J. Hill, Inatitute of Animal
Physiology, Babrabham, Englend; Dr. C. S. W, Reid, Flant Chemistry Division
D.5.1.R., Palmerston North, New Zealand; and Dr. Alan Dobson, The Rowett
Research Institute, Bucksburn, Aberdeen, Scotland. It is sincerely hoped
that they may join ua at ociher Conferences.

The Chairman raised the gquestion as to the desirabllity of continuing the
Conference on its present schedule and the questicn of the most desirable
place for holding future Conferences. It was agreed that the Conference
should be continued et approximately the same time and plece.

Enclosure
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For the purpose of discussion, the progrem was divided into panels. The
identity of the panels and the chairman of each waa 8a follows:

Ea) Microblology - - W, D. Poundan
b) Animal Management - - J. M. Boda

gc) Rumen Physlology - - N. L. Jacobson
d) Agronomic - - D, E. McClowd
e) Physio-Pathology - - R. W. Dougherty

MICROBIOLOGY PANEL

Digestion of Cl% Labeled Alfalfs in the Bovine - L. R. Fina, I. S. Yadava,
E. E. Bartley, C. L. Keith and E. L., Sorensen, Kansss Experiment Station,
Manhatten

Alfalfe uniformly labeled with ¢l4 was used in thie work. Meesured guantities
vere placed in the ip vivo artificial rumen (IVAR) or directly into the rumen
of fiatulated cows. Reactions in the IVAR apparently closely follow those of
the actual rumen. It was alsc demonstrated that the bulk of celluwlose diges-
tion in alfelfa occurs after the first 24 hours.

Upon addition of alfalfa Cl¥ to the rumen of fistulated animels thers aras low
peaks of activity inthe VFA of the rumen at 1, 7 snd 11 hours; however, the
major peak does not occur until after the 40th hour. Withino minutea activity
appears in blood with peaks initially, then at 9, 13 and 37 houra, and remaln-
ing until the bSth hour. In the urine and feces there is reeidual activity
until the 95th hour. Carbon-1h first appears in the urine at the 2nd hour
and in the feces at the Tth hour.

"Visking" end "Millipore" membranes tested for use in the IVAR were found to
have suitable diffusibility properties forvolatile fatty acids (C2-C6 tested)
and were not subject to decomposliion sven after 120 hours when placed in the
rumen of fistulated cows or steers. All IVAR Cl% work reported herein wea
done using "Visking" membranes. When sterile assembled IVAR apparatuses,
filled with distilled water, were placed in the rumen of fistulated animals
for 4 or 5 days, the fluid in the interior reaction chamber remained crystal
clear, wase light amber colored, and was completaly free of any bacteria.

Experiments on the Attachmentof Cellulolytic Bacterie to Solid Particles of
Rumen Contents - H. E, Bungate apni Bannelore Storz, Unlversity of California,
Davis

It bas been assumsd previocusly that the cellulclytic bacteria of the rumen
cling closely to the fibers of cellulcai: plant materisl undergoing digestion
and that the numbers in vhich these bacteris could be demonstrated by cultural
methods might not be as large as the sctual number of viable cells in the
rumen. Experiments on the relative proportioms of cellulolytic bacteria in
the liquid and solds fractions of rumen contents of a fistulated cow on an
alfalfa hay ration were undertaken., Counts of total bacterie were made using
en alfalfa extract rumen fluid agar medium and of cellulelytic bacteria using
& celluleose rumen fluid sgar medium. Particles were broken up by using e
Waring blendor for one minute. The solids fraction was separated from the
liquid by sedimentation and viable counts for esach were determine both before
and after blending, on media for counte of total and cellulclytic bacteria.



alia

Waring blending d4id nol significantly increace the total count for the liguid
fraction. The count for tha eolids was ineressed ebout tenfold by blending.
The proportion of cellulolytic colony-producing units inthe Waring blended
liquid was only alightly less than in the blended solids. The proportion in
the unblended aolids was not sd much greater than the proporticn in ihe
blended aolids as would be predicted from the aversge nunmber cf becteria per
particle., The results are interpreted as indicating that a few particles
contain a great many bacteria in proportions not much differeat from those
for the cellulolytic end totel bacteria in the liquid. There was little
evidence that the cellulolytic bacteria were firmly attached to the plant
rarticles to 8 greater extent than were the non-celluloytic bacteria.

The results obtalned apply only to the most numerous cellulelytic bacteria
encountersd in the cultures anl these ware of the general Butyrivibrio and
Buminococcua. These bactaria do not digest the celluloee in low dilutions
of cellulose agar inceculated with rumen contents yet they do digest cellulose
in similar ligquid culturea. The difference is sssumed to be due to an
echievement by the cellulolytic bacterim in a ligquid culture of & favorable
position with respect to the cellulosic substrates whereby they galn from
their cellulase enough sugar to permit them to grow snd synthesize mors
celluiase. In solid medium they cannot achieve a preferential poeltion near
the plant fibers and the numerous accompanying non-cellulolytic bacteria
take so much of the sugars from cellulose digestion that the cellulase-
elaborating cell does not receive the yield from its c¢ellulspe necessary to
permit it to menufacture more enzyme. In low dilutions the celluloes in
cellulose ager culturss does not disappear for this yeeson. In the more
diluted cultures the cellulolytic hacterium has a better position relative
to cellulose, since its neighbors are more distant, and colenies with clear-
ings of the celluloge can develop,

Bacteroides succinogenes is able to move through the age¥ in & celluvlose
culture, provided the coacentration of the agar is not too high, and it is
able to digest cellulcse and form cleearings even in the low dilutione of
rumen contents.

The repults of the study indicate that with the exception of Becteroides
guccinogenes, which was not abundant in the rumen ptudied, the cellulolytic
bacteria are not firmly sttached to the particles of rumen digeste but in
gome fashion are able to get close enough to derive a yield of auger from
their cellulase which permite them to grow. It is doubtful that they are
able to capture all of the sugar formed by their cellulese, however, and

some of it probably is ebsorbed by accompanying non-cellulolytic forms. Thia
may account for the fact that the proportion of celiulclytic bacteria in the
rumen is smaller than the fraction which cellulose constitutes of the material
digested in the rumen. This appears to be & more probable explanation of tha
low percentages of cellulolytic bacteria than is the hypotbesis that culture
counte do not reflect ths true numbers because of close atitachment to fibers.

Protelysis in tha Sheep Rumen - T, H, Blackburn, University of California, Devis

Previous inveatigations have indicated that ingestion, which is a function of
live protozoa, might be an essential atep before digestion could occur,

Washed, bacteria-fres BEntodinia suspensions were obtained wsing & blocarbonate
buffer pH 6.5 incorporating 50 pg chlorsmphenicol per mi of buffer to imhibit
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bacterial activity. Incubations wera carrled out in 100 ml Erhlenmeyer flasks
under COo with periodic shakirg, ia the preserce of 1.0% caeein. From a mmber
of experiments the following points emerged; clean, washed entodinia made up
to the rumen concentration hydrolysed 39% of the casein in three hours under
the conditions described but only hydrolysed 14% when incubated under toluene.
Clean washed suspenmiona of holotrich protozos had no proteclytic activity.

It thus seemd probable that oligotrich protozoa might contribute significantly
to protein breakdown in the rumen end might even be the chief agents of thia
activity. That this is not mlways true wae demonstrated by chowing that the
rumen fluild from lambs which hed besn reared in ieclation from birth, and which
contained no protozoa, bad the same proteolytic activity es other sheep. In
thrae hours 36% of e 1.0% casein solution wes hydrclyeed. The rate at which
casein was hydrclysed in the rumen of two eheep which mad been maintalned on e
diet containing capein as the main nitrogen source was known. Proteolysins
occurred very rapidly in the rumen, epproximately 60% of the casein was digested
in cne hour. Thia rate could never be matehed in vitro by adding cesein to
rumen fluid. The proteolytie activity of the rumen fluid was related to the
microbisl content of the rumen fluid, The smeller bacterial content fluctuated
very little on these different rations unlike the protozoa and in general the
jevel of proteolytic activity seemad to be related to the numbers of protozos
present. These fracticnations were not precise in that the protozoal frection
contained a variable number of the larger bacteriel speciea. The digeate for
the estimation of proteclytic activity were performed under toluene for 2i
hours at 37°C usinz rumen fluid et 1/10 concentration. Shorter term incuba-
tions were performed under the conditions described earlier for the Bntodinia
suspensions leaving out the chloramphenicol. The rumen fluid weas fractionated,
the protozoal and hacterial fractions washed twice and susypended at 10 times
their rumen concentration in the buffered casein 1.0% and incubated at 37°C.
These concentrated protozoal and bacterial frections were able to eccomplish
only 25% and 20% hydrolyels respectively of the 1.0% casein in twe hours,
considerably legs activity than they exercised in the rumen. The addition

of atarch to these digeats produced a light inhibition of mroteolysis. Starch
was the main carbohydrate in the sheep ration. It would thus seem likely thet
protozos under certain circumetances might contribute significantly to protein
hydrolysis in the rumen but bacteria undoubtedly can fulfil this function in
the abaence of protozoa and probably elways are responsible for a major portion
of the hydrolysis. Holotrich protozoa were never found to heve any proteociytic
function.

The isolaticn of cesein degrading bacteris from these sheep wan invesatigeted
gince it was known that such bacteria muwet be present., A medium was developed
consisting of Hungate's salt sclution, 10% w/v clarified rumen fluid, 0.3
w/v 'Bacto' tryptose, 0.05% w/v cyeteine hydrochloride, 0.0001% w/v pheno
gafranin 0.5% w/v scdium bicarbonate, 0.5% w/v casein and 2.5% w/v agar.

Some special precautions were employed t¢ ensure that the pheno safranin
remained reduced. The medium in rcll tubes hed a slight copacity due to the
presence of cageln. Thie opacity was cleared in the area immedjately sur-
rounding a colony of proteclytic bacteria. The extent of the clearing
differed with different isclates but in all ceses the clearing wvas preceded
by an increased opacity in the casein. On experiment with carbohydrate addi-
tivee it was found that maltose in this medium brought up & vary active
proteolytic flors. It was found that thie was specifically due to the
presence of Bactercides amylophilus, whose presence in these sheep wsa no
doubt due to the high level of etarch in their diat.




-6~

An examination was made of the effect of varioua carbohyirates on the type
and numbers of proteolytic bacteria which could be cultursd. All carbo-

hydrates wvere included at a 0.3% w/v level.

From a limited number of identified isclates from some sheep on different
rations the following points emsrged. The types of proteolytic bacteria
isolated were Bacteroides amylophilus, Butyrivibrio species, Selenomcnas
species, Lachnospira multiparus, Bacteroides ruminicola, Gram negative cocci
bacilli and Gram positive cocel.

None of these spacies wes found exclusively on any particular diet., Maltose
in the isclsaiion medium encourage the growth of Bacteroldes amylophilus as
did starch but it &lso grew on medie containing carbohydrates which it did
not utilize, provided its presence was not masked by more rapidly growing
specien. A good variety and number of proteclytic bacteria could be cultured
on media containing no carbohydrate or a less readily avallable one such as
carboxymethyl celluloee after 6-10 days incubetion. The resascn for this
seemed to be that the proteolytic flore seldom predominated in the rumen and
that they could eseily be cutgrown by non-proteoclytic types, when a readily
available carbohydrate was present. 3Some colonies which produced little or
no detectable change in the casain of roll tubes, would on subculture break
casein down in fluid culture.

Proteolysis occurs at a very rapid rate in tha rumen. This rats cannot bhe
matched in in vitro experiments. Oligotrich protozoa have been shown to be
agsociated with proteolytic activity and in vitro can account for 50% of thie
activity. A number of proteolytic bacterial species have been isclated, most
¢f wvhich would appear to be types which have been associated with othsr rumen
metabolic ectivities.

Isolaetion of & Slime from the Rumen Fluid of Animals on & High Grain Retion -
J. Gutierrez and R. E. Davis, Animsl Husbandiry Research Division, ARS, USDA,
Belteville, Maryland

During the past three years we have been followlng the microblal changes which
cccurr=d with the onset of bloat svmptome when enimels are fed a high grain
diet. In rconjunction with these etuwdies an ethanol-precipitable slime has been
isclated from the rumen fluid of animals on a feedlot bloat type of diet.
Changs=a in the rumen bacteria and in the appearance of the glime cen be studied
at the onset of bloat, and a large perceantage of the bactarie vhich have been
i1solated are of ths dime-producing type. An analysis of the slime showed the
material conteined ¢7% wvater, and on a dry matter basis the slime gave values
of 27% ash, 35% crude protein, 1U% carbohydrate and 6% phosthorum. Paper
chromatography techniguee demonstrated the mucleic acid derivatives, adenine,
guanine, cytosine and thymine were alsc present in the slims.

Slime bharveats were cbtained from manimala during different stages of bloat
and these data are shown in the following table:

wWeight of Ethanol-Precipitable Slime at Different
Stages of Bloat in Various Animwals

Animal Number Bloat Symptome Slime {Wet Wt.) {Dry Wt.)
3 Bevers 452 mg. 60 mg.
27 clight 389 52
18 slight 335 38
26 slight 388 117

9 slight 1342 300
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None of the viscid slime was obtained from the non-bloaters,but the appearance
of the slime was well correlated with the onset of bloat eymptoms. When the
ethanol-precipitable slime was weshed and suspended in water, the vigcosity
of the water was doubled.

The changes in the viacosity which occurred in the rumen fluid at variocus
times are shown in the following table. The time is given in seconds and

18 the interval required for 30 ml. of the fluid to travel through s measured
capillary.

Viscosity Changea in Rumen Fluid as Related io
Bloat in Different Animals (30 mi.)

Date Animal Time
" Water 33 aec.
steer centrifuged rumen fluid, hay diet 3 mec.
haifer A " 35 sec.
heifer B " 35 aee.
3/30/60 L83 rumen fluid, slight bloet TO sec.
b/6/60 488 rumen fluid, moderate " 89 sec.
4/11/60 488 rumen fluid, severe 96 gec.
L/6/60 79 rumen £luid, moderate 88 sec.
Lf13/60 79 rumen fluid, severe 102 sec,

Increases in the viscosity of the rumen fluid wers correlsted with the onset
of bloat, with the appearance of frothy foam in the ingeeta, and with s
buildup of the alims material in the rumen fluid.

Studiaes with Germfree Ruminants - C. K, Smith and P. C. Trexlier, Michigan
State University, East lLansing, Univernity of Notre Deme, Fotre Dame, Indiana

Thirteen germfyes ruminants have been produced using hystereciomy and caesarotomy
techniques. Dalivery Dy casaurotomy is more satisfactory as thie overcomss the
loases from respiratory feilure and has lowsred the rate of contamination.
These ruminants have bsen reared for varying periods of tims up to 127 days.
The diete used have been whole homogenigzed milk or 50 per cent whole homoge-
nized milk and 50 per cent skimmed milk. Both of the above diets have been
supplemented with vitamins of the B-complex and trace mirerals. The rate of
growth in the gerafree animale 1s oot as fast as in the conventional control
animals fed the samm dlet. The organs of the alimentary tract have the
greatest difference in weight and tissue response. The rumen, reticulum,
abomosum, Jjejunusr and cecum of the germfree animal has less connective tissue
developmsnt and fewer lsukocytes in the epithelium. The pH values of the
contents of the intestinal tract of a garmfree ruminant epproach those of

a conventional animml,

The Mode of Action of Fanicillino in Preveating Uncowplicated lLegume Bloat -
W. M, Miller and D. R. Jacobaon, Department of Dailry Science, Univereity of
Kentucky, Lexington

Much data cbtained from bovine animals that grazed or were stall fed bloat-~
roducing and non-bloat-producing forage over the past several years hag

rather conclusively shown that uncomplicated legume bloat occurs conly when there
ie a high rate of stable froth or foam formation in the rumen which interferes
vith normel eructation.
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The high rate of steble foam formatlon occurred when the fermentation rate
was high.

The fermentation rate was significantly higher on the bloat-producing than
on the non-bloat-producing forage.

Penicillin exerted its bloat-preventive effect by reducing the fermentation
rate and hence the rate of steble foam formation in the rumen following the
consunmption of bloat-producing forage.

Apprcximately 30 animsla grazed the pasture while 4 to 8 animale were stall
fed clipped forage frow the same pesture to obtein rumen samples for treat-
ment and analyses.

ANIMAL MANAGEMENT PANEL

Combination of Antibioties for Bloet Prevention - H. W. Eesig, C, B. Shawver
and L. W. Williams, Missicsippl State Universiiy, State College

This study was conducted to compare the bloat controlling valus of a supple-
pent containing a cowblunation of antiblotiecs and a supplement containing no
antibiotics for bloet control as well aa to determine the length of time a
combination of antiblotlce were effective in controlling blost incidence and
severity. Paddiocks of Ledine flover were used ms grazing. The paddocks were
rotationally grazed, clipped and irrigated as needed. All steers were rated
for severity and incidence of bloat twice deily, by visual cbeervations, as
they were removed from grazing. The ratings for severity were: non-bloated {0);
slightly bloated (1); moderately bloated (2); and severily bloated {3). Eighteen
gselected bloating eteera ware grazed for lé hours morning and afterncon. They
vere divided into two groupe, ovne group was fed suppiement A contalning no
antiblotic and the other group was fed supplement B conteining a combination

of antiblotics. Supplement A consisted of & pelleted mixture of 0% wheat
middlings and 10% molasgas. Surplement B wves the same ag A plus the follow-
ing antibicties: 40 mg. penieillin, 70 mg. erythromyein, TO mg. tylosin and

70 mg. streptomycin (per lb. of supplement). The supplements were fed at the
rate of 1 1b. per head daily immedistely before the efternooh grazlog period.

This 63 day study coneisted of the following periods: (1) 5.5 day control, in
which all animels were fed supplement A thue ellowing each animel to serve as
his own control; (2) U8-dsy treatment period; (3) 9.5-day reversel period.

The average daily incidence of bloat for eteers on treatment A increased from
1.45, during the control period, to sn average of 1.€Z for the 48-day treat-
ment period, whereas the steers on treatment B decreassed from 1.60, during

the control period, to an average of 0.67 for the treatment pericd. The
average dally sevarity for eteers on treatment A incressed from 2.63 (during
the control periocd) to 3.93 for the treatment period. The average daily
geverity of the steers con treatment B decreased from 3.33 for the control
period, to 1.47 for the UB-day treetment period. At the end of 48 days, four
gteers on aupplement A were witched to supplement B and four steers on B were
gwitched to A. During the reversal period, the average daily incidence for
those steers receiving antiblotica decreased from 1.68 to 0.21 and increased
for those not receiving antibioties from 0.89 to 1.2k. The average daily
geverity for the reversal period decreased from 4.64 to 0.34 for those re-
ceiving antibiotics and increased from 1.75 to 2.63 for thoae not receiving
antibiotica.
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The ineidence and severity of bloat for animals on treatmeat B does not
reflect &8 true pleture of the actual bloat eontrol since two anjmals did

not consume the supplement at the start of the trizl; therefore, they con-
tinued to bloat creating the appearance that the antiblotic combination

wasd not completely effective in controlling bloat for a limited time. There
was no incidence or severity of bloat for 18 days in the seven steers which
consumed the aptibiotic supplement, after this time the incidence and sever-
ity steadily rose until the 41 day on vhich the severity acd incldence were
the same for the antibictic treated and non-treated steers.

Evalustion of the Effectiveness of an Antibiotic Supplement In Controlling
Bloat - J. E. Johnston, C. F. Breldenstein, A. J. Guidry, P, B. Brown, and
W, H. Willis, Loulsiena State University, Baton Rouge

A total of 51 cattle, 28 yearling steers, 16 two year old steers, 3 Jersey
cows and & fietuleted dalry cows were initially available for this experi-
ment. All sanimale except 2 fistulated cows hed been grazing clover for a
pegiod of 1 to b weeks pricr to the initiation of the expsriment on May 3,
1961.

Clover pastures utilized consisted of & 22 acre field divided into 3 approxi-
mately equal plota, sach planted to Ladino, White Dutch or Louisiana S5-1
white clover. Bach varlety of clover wes further aub-divided into 2 equal
Tlots by means of an elsctric fence. Irrometeras were ueed to indicate a
deficiancy of moistura and when necessary approximately 2 acre inches of
wvater was applied to each plot.

The cattle were maintained as one group, pastured on clover, and fed the
contral supplement (without antibiotics) for an 8 day preliminery period.
Percentage incidence of bloat waa computed by animal for thie pericd and

6 animals were loet during the time. Severity of bloat of each enimal was
evaluated and ranked G, 1, 2, 3, and 4; the latter being the most asvere.
The percentage of incidence of bloat was computed by enimal for this period
and the animals were ranked on this basis.

Alternate animels were then placed into either the control or treated group.
The control group wae fed a supplement without antibioctice, The treated
group was fed the same supplement but which contained penieillin, erythro-
mycin, tylocin and streptomycin. The two groupe (20 animale each) were
maintained separately for the rest of the experiment which wes terminated
June 26, 1961. Esch group wes pleced on clover pesture 2 hours each morning
and 2 hours each afterncon. Each group when not on pasture, wes maintained
in a lot with a water trough and was fed the respective supplement in a feed
trough just prior to the afternoon grazipng period at the rate of one pound
per anlmsl.

The overall incidence of bloat was 37.28% for the control group and 10.53%
for the treated group. The sevarity of bloat was greater im the control
group than in the treated group. Three animals died in the coatrol group
but none were lost in the treated group. The inclidence of bloet was higher
when animals grazed Ladino than when they grazed other clovers.
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Effects of Feeding Penicillin, Erythromycin, Tylosin, end Streptomyein in

Combination for Prevention of Pasture Bloat - H, R, Van Horn, Jr., N. L.
Jaccbaon, P. A, Hartmen, snd A. D. McGilliard, Iowe State University, Amee

In bloat research conducted during the 1961 grazing season, emphasis was
placed on field testing a combination of penicillin (F), erythromyein (E),
tyloain (T}, and streptomycin (S). FPETS as tsed herein, representa P-LO,
E-70, T-70 and 8-T0 (the numbers indicating milligrems per animal per day).
The carrier for PETS was 1 lb. of pellets conaisting of 90% wheat middlings
and 10% molasses unless otherwise indicsted. All control animale reesived
basal peliets of 90% wheat middlinge and 10% molasses.

One part of these studlies was coniducted at Ames in the seme manner as previous
studies. Seventy-five dalpy and beef steers were divided into five groups

of 15 animals eacn on the basis of body welghts., Thes= cattles were allowed
to graze alfalfa pasture 3 hours in the moryning and 3 hours in the evening
and were retained in dry lot the remaining time. The five Jroups received
the fcllowing treatments, reapectively: Control vellete; FPETS in logse salt
initiaelly md then in grain; FETS pellets; PETS pellete fed intermittently;
PETCO pellets initislly and then PETCO in grain. PETCO represents P-40,

E-T0, T-T0 chloramphenicol-103, and oxytetracycline-100. Fleld trials were
aleo conducted using cattle on two other Jowa State University farme and 12
herds of cattle owned by farmers who cooperated with the University in these
studies, These herds of cattle were divided into control and trestment groups
(at least 15 animals in each group) and allowed to graze separately on com-
pereble plots of legume forage. In most cases the animels wers on pasture
continuouely. The treated group received 1l lb.of PETS pellets per head per
days. In some inatances levels were later increased to 2 1h, per lmad daily.
A total of 362 control animals and 4T PETS treeted snimels were ubilized.
Eveluation of bleat severity wes visual, using a scale from 0 {no bloat) to

5 (terminal).

Bloat control was excellent in moat of the herds; two farmer cooperatora,
however, experienced considerable difficulty in getting their snimals to

eat the PETS pelletz. After the animals had refused to eat the prescribed
amount of pellets for aeveral weeke, they were changed to PETS in grein.

The latter wes eaten readily but did not prevent bloet. When number of
animals and frequency and asverity of bloat are considered, the feeding of
FETS reaulted in & 67T% reduction of bloat. In the Ames trial, PETS in loose
salt, FETS pellets snd at the 1 1b. level, and PETCO pallets greatly reduced
bloat but did not eliminate 81l serious bloat. Changing to PETS mixed daily
in grain, increasing PETS pellets to 2 1lb. rer head dally, snd changing to
FETCO mixed daily in grain io the respective groups resulted in excellent
control of hloat for the remasinder of the eesson. Assays of antiblotic
activity in the pellets indicated that during storage there wes & repid
decline in arythromycin activity. This may have accounted for the nsed of
increasad levels of PEIS pallata. The animala received FETS mnd FETCQ for
128 days without mny indication of loes of effectivenees.

Weight gaina were determived in the three herds owned by the University.
FETS resulted in increased weight gains, an average of 0.16 1b. per enimal
daily, in all trials; {Pg .05 in one trial).
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Upon initietion of treatment the cattle ususlly consumed FETS pellets
readily for 1 to 2 days but after that time meny refused pellete. Usually
about 1 week elapsed before the snimals consumed the preecribed amount of
PETS pellets again. This refusnl to eat was sometimes accompanied by tran-~
slert disrrhea and in about 5% of the females by locel swelling of the vulva.
These adverse effects usunlly diseppeared within 1 to 2 days.

Palatebility studies comparing PETS and PET (P-40, E-T7C, T-70 and P-56,

E-9T7, T-97) combinations were conducted with sdditional cattle on pasture.
The PET combinationa did not cause a8 great & drop in eating rate on the

days following first administration as did PETS but the problem was not
completely eliminated by omitting streptomycin. HNHo other adverse effects
were obeerved with PET while aome diarrhee was notliced with FETS. In atudies
of microbiclogleal changes in the rumen following PETS administiration, steers
receiving green-chopped alfalfa-grags forage were given up to eight timea the
normal level of antibiotics (2 gm. total antibictice) without any 111 effects.
The bacterial flora of &ll theae animals were prmi.--.:uu:l.1:1.Em1:.‘i.;..r gram negative.

No sppreciable changes in total counts or numbers of gram positive bacteria
were observed in these animals &fter antibiotic adminietration. Since the
antibiotics in PETS ere primarily active agsinst gram positive bacteris, a
decrease In gram positives might be expected.

Most of the adverse effects in the field trials occurred in animals which
vwere receiving 6 to 12 1b. of grain per head daily. To explore this further,
four Holsteins welighing epproximately 500 lb. and receiving 10 lb. of grain
per animals daily plus alfalfa bhay free choice were fed PEIS. Pour similar
enimals receiving a diet high in alfalfs hay (where the grain wes 1 1b, per
animsl daily) were also fed PEIS in grain. About 1 day after antibiotic
feeding wvas initliated, animals fed the high grain diet exhibted aymptome
ranging from depregsed appetite to dierrhea. Ih etrlking conirast, there
were 0o 1ll effects in animals fed the high-hay diet. Bactericlogical counts
showed that the animals on the high-grain diet bad higher gram positive counts
bafore the antibiotiecs were administerad. HNo appreciable changes in counts
of grem positive bacteris were observed after antibiotic edministration;
however, at leaat one type of microorganism {(a large, gram positive sarcine
which tended to form cheins) was &bsent in rumen samples of antibiotic treated
animals.

Motility of the Rumen in Cattle of Known Bloat Susceptibility - V. E. Mendel,
Univ. of Alberta, Edmonton, Alberta, Canada; J. M. Boda, 3. A, Yarns and
E. H. Cole, Univ. of Califorania, Davis

Four non-lactating Jersey cows, of khown bloet susceptibility, were altern-
ately fed succulent alfalfs tops and suian grase hay in an effort to essess
individual differences and ration effect oo rumen motility.

Seventy pounds of freeh alfalfa tops, four inches in length, were fzd daily
for three weeks, after which rumen motility studies of 3 hours duration were
conducted with each animal fur three consecutive days. Immediately follow-
ing theee motility etudies flfteen to twenty pounds of choice sudan grass
hay was fed for three weeks and motility studies were again conducted.

These procedures wzre repeatad once mere on both rations. Methods of measur-
ing rumen motility were those previocusly described by this station.
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Intrg-rumen pressure was subatmoapherie in all snimals exept one when Blight
bloet occurred, thus contraction frequency and amplitude were not influenced
by changing intra-rumen pressures. No correlation between rumen motility
and bloat susceptibility was found emong the four animals tested. Thus
differences in vloat ausceptibllity do not appear to be the result of varia-
t iong in receptor senaitivity to scabrous msterlal.

Average values were obtained from both rations and these show that frequency
and amplitude of rumen contractions are significantly lese during the con=-
sumption of dry feed than during that of green feed. On the cther hand,
little difference wes found between rations after 12 hours of fast which
suggests that fermentetion eliminated either differences in the physical
hature of the feed or other factors associmted with it.

On the basis of theee resulis it is suggeeted that ruminc=reticuler motility
of adult cattle 1s not increased by the physical nature of ecabrous forage
rer se but by factors as yet unknown.

Further Observations on the Relationship of Bloat to Respiratory Inhibiting
Saponine.- H. D, Jackson, 8, A, MeNairy, Jr., B. W, Hatcher end G. D, Goetsch,
Depurtment of Blochemistry, Purdus Unilversity, Lafayette, Indiana

Sapouins have been reported ae csusative agents in the production of bloat

in ruminants grezing legume pestures. Severasl ys2ars ago, it was reported

by our laboretory that the substance(s) in legumes which inhibits muscle
respiration ie s saponin(a)} end that the presence of this substance(e) is
correlated with the incidence of blost in cattle grazing alfalfa. Howaver,

a correlation between respiretory inhibition and bloat wes not found in cattle
grazing Laino clover pastures.

Since these findings showed & difference in the correlation of thip respire-
tory inhibitor with the incidence of bloet, further investigations were
carried out with cattls grazing two varieties of alfaifa, Culvysr and Vermal.

The inhibitory effect on tiesue respiration in vitro by extracts of the two
varieties of alfalfa was compared with the bloat index of the animele that
grazed the perticular forage each day. Although differences in the severity
of bloat ware cbsarved mand the inhibitory effect of different extracts on
tissue respivationwried, data show that there ves no coneistent correlation
between the inhibltory affect. of different alfalfa extracte and the bloat
index of the forage.
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RUMEN PHYSIOLOGY PANEL

Salivery Secretion Retes of Identical Twin Camttle - J. M. Boda and A. T. Johne,
University of California, Davis and Flant Chemistry Pivision, DSIR, Palmerston
Korth, New Zaslend

Previous studies at Davis indicated en assoclation between individual bloat
susceptibility and salivery secretion rate in that selected bloat susceptible
cattle secreted less saliva than nonsusceptible cattle under similar conditions.
During the past year we had an opportunityt o investigate whether the procedures
used in the above mentioned studies would accurately assens individual salivary
secretion rates of cattle by comparing secretion retee between and within two
sets of identical twin cattle. Salive was collected before mnd during {reeh
clover feeding. It was agsumed that differences in flow rates between indi-
viduals of the same twin set would be small or nonexistent. if the procedure
used mesasured the inherent capacity to secrete saliva; differences between

geta would be great or small depending on the particular sete. The effects

of such varisbles ms individusl feeding rates end bolus pize on ealivary flow
during feeding vere alsc determined,

Means and standard errors were obtained for ealivary flow retee for the indi-
vidual animals of the twin aets during the consumption of fresh, red clover.
Salivary flow expressed either in g. per minute or in g. per 100 g. dry matter
of clover consumed during salivary collection was similar in individuals of
the ssme twin set but significantly different between twin gets. This sug-
gests that the methods employed were measuring the inherent ability of the
individuale to gecrete s&liva under the conditione of colleetion.

During the collection of boluees for estimating feeding salivary flow, apparent
individual day-to-day variations in the rate of feed consumption were observed.
The data were analyzed to see whether the ratee of food coneumption had an
influence on absolute selivary flow ratee. These relationships, that is the
correlations between salivary flow rate per minute and the rates of freesh
clover intake and dry matter intake, are inconsistent except in the case of
cne cow where there appeéred to be definite and posltive correlatione between
salivary flow and the rates of both fresh clover and dry matter consumption.
Thus, in certain animele &t lesst, it appears neceesary to takes lnto account
individual differences in feeding rate in order to svaluate the aignlificance
of differences or simllarities in salivary flow rates between animals.

It was thought that the size of the bolus might have an influence cn the rate
of salivary flow. Considering &ll animale, however, there was no consiastent
relationship between bolue size and rate of salivery flow, slthough in two
cows correlations approach statistical significance but are of opposite sign.
In one cow, Buch a2 positive correlation would he expected since bolus gize
tends to increase with an incresse in rate of feeding and in this particular
animal, salivary flov increased with increasing feeding rete. In the case of
another cow, in which there was no relaticnship between feeding rate and
salivary flow, thers tended t¢ be an inverse correlation beiwesn sallivery
flow and bolus size.

In view of the influence of rate of feeding on salivary flov in some enimals,
flow rates were adjusted for individual variations of feeding rate by analyeis
of covariance. The uwnadjueted and adjusted means and standard errors of the
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weane show that, slthough differences between animals of the sawe twin set were

increesed, such differences were not great and were ineufficlent to vary the
conclusion that there were slignificant differences between twin sets but not
within twin sets.

The "resting" salivary flow rates, that is the rates in g. of salive per minute
were cbtained by cannulzation of the cardia before feeding. The flow of cardial
galive before fepding wes eimilar in one set of twin cows but differed greatly
between the animales of the other twin set. One cow had a significantly higher,
resting flow rate than any cother animal whether in the same twin set or not.
This difference rules out any decision on the relative importance of differ-
ences between or within paire. Thus, the method used for collecting cardial
galiva is probebly of little velue 1n assseasing the inherent rate of flow of
an individual. Rosting flow raetes are probably of little value in predicting
the rates of flow during feeding in most animels. In all animals, except one
cow, thers were no significant correlations between resting flow ratea and
subsequent flow rateg during feeding. In the exception, & highly elgnificant
postive correlation between resting end feeding flow rates wes observed.

In conclusion, the data suggest that the methods used for collecting saliva
during feeding measure the inherent individual cspacity of the animal to secrete
saliva under the particular conditloms of collection. In some animals, rates
of feed inteke ipfluence salivary {low rate and this factor must be taken into
account to evaluate differences or similarities between Individusle. Methods
used for messuring reating salivery flow from the cardia generally cennct be
used to estimate or prediet subsequent salivary flow rates during feeding. The
results support indirsctly previous data demonstrating an ssgscciation between
individual bloast susceptibility and salivary flow rate during feeding, in that
they indicate the collection procedures used measured the lnherent individual
abilities of the cows o mecrete saliva during feeding.

Effacts of Peeding Artificlal Salivse Salts and Exceepsive Sodium Choride on
Bloat Tncidence and Ruminal Characteristice in Cattle - C, J. Elam and R, B.
Devis, Animal Husbandry Research Divisien, ARS, USDA, Beltaville, Meryland

The importance, in reletion to bloat, of the diluting effect of saliva on
ruminel contents or of the inorgenic galts present in saliva has not been
firmly eetablished. The objectives of this experiment were to determing the
effecte of increased water intake and the consumption of salivary salts by
cattle on the incidence of hlcat and on various ruminal characteristics.

Eight Hereford steers, averaging 1050 1b. each, were randomly assigned to the
columne of two & x 4 Latin-squares. The four treatments included: 1) a basal
bloat-producing ration composed of ground barley, 61%; dehydrated slfslfs, 22%;
SOM, 16%; and salt, 1%. R2) besal ration with sn extrs 5% sodium chloride sdded.
3) basal ration with 39 ib. of an artificial saliva salt mixture sdded per 1000
1b. feed, and 4) basal ration with both extra eodium chloride end saliva salta
added. The composition of the saliva salts was & modification of the mixture
sugeested by McDougell. The salte were fed at a level to approximate the
amount in 20 liters of saliva daily. The extra 5% salt wms expected tc increase
water consumption aebout 20 liters daily. All steers had previously bloated on
the basal ration. They were each fed 13 1b. of the pelleted rations in two
equal portions daily. Water was available ad 1libitum and the amount consumed
recorded during the four 28-day perieds.
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Steers were scored for bloat severity at 1 and 13 hours following each feed-
ing. The highest velue ves considered the score for each feeding pericd.
Two ruminal samples were taken from each steer during the third and fourth
weeks of sach period using a stomach tube. The pH of the samples wae deter-
mined upon resching the lsboratory with a Beckman Model E pH meter. Surfece
tention of centrifuged ruminel fluid was measured with a Du Fouy tensiometer.
Microbisl activity wes determined in & Werburg respirometer using the tech-
nique described by Hungate. Volatile fatty mcids were determined ueing a
silicie acid column.

Feeding excesaive sodium chloride or a mixture of synthetic saliva galts to
steers did not influence the incidence of feedlot bloat. Water consumption
was increaged by the salive salts and incressed further by feeding 5% sodium
chloride in the raticn. The ruminsi semples were more &lkaline when artifical
saliva salts were fed. Thers was no correlstion between ruminal pH and bloat.
Surface tension was neither sltered by treatment nor correlsted with bloat.
Microbial activity of ruminal samples was decreased by feeding the combination
of sodium chloride and saliva salts. There wes no correletion between bloat
and microbial sctivity. Nelther the total concentration of rumipal fetty
acida nor the proportion of the aclds was affected by treatments. There was,
however, & negative correlation (r = -.4T} between bloat and the concentrstion
of fatty acids in the rumen., In addition, bloat and the molar percentage of
acetate were postively correlatad {r = +.55).

The Role of Salive in Bloat - Erle E. Bartley and L. R. Fina, Kaneas State
Univeraity, Maphattan

Previous studiee with identical-twin cows suggeeted that the susceptibility
to bloat in animels is inherited. Using fistulated animels, it soon becams
apparent thaet the consistency of rumen contents was similar within sets of
twins but differsd betwesn sets of twins. Twine with watery rumen contents
were not liable to bloat so readily as twins with drier ruminel ingesta.

Several experiments were initiated to determine tle role of saliva in bloat.
The effect of saliva on the relasse of trepped gas from frothing rumen contents
cbtained from bloating animals was tested in vitro. Adding saliva to incu-
bated frothing rumen contents permitted greater quantitiea of gas %0 escape
than when no extra aaliva was added.

Since ssaliva is & polution of mucin and various mineral salts, 1t was con-
Jectured that mucin in saliva might be the active antifoaming agent. Numerous
rlant nucilages and animel sources of mucin were used in experiments to screen
a variety of producta for possible use as bloet preventives. Linseed meal
mucilage had an effect similar to saliva in relessing gas from frothing rumen
contenta. A eimple screening procedure, besed on the antifcoeming action of
various test materisle wn alfalfa saponin foams in vitro, was developed. The
addition of saliva or linsesed meal mucllage to an alfalfa eaponin scluticn
almost completely prevented the formation of foam when the solution waa aerated.
The plant mucilagea tested, except linseed meal muclilage, were found to be in-
effecient antifoeming agents. Two animal mucin products (precipitated from
fresh bones and extracted from hog stomachs) effectively prevented the forma-
tion of atable aaponin feam.
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On the baais of the in vitro results, eeveral of these materlals were tested
on alfelfa saponin foams in vivo. The plant muellages which were ineffaective
in vitrc were also ineffective in vivo. Feeding linseed meal to cows before
pasturing appeared to reduce the incidence of bloat. However, it is so
difficult to extract micilage from lingeed meal that studies on the bloat
preventive action of linseed meal mucilege were abandored.

The two animal mucin products found effective in vitro were teated in in vive
using four setls of fistuleted identicel twin cows. These products weare given
via the fistule immediately befores pasturing the animsls on blost provoking
alfelfa. These products prevented bleat for two to four hours.

Animal mucin products eappear to have promise es practicsl bloat preventives.
However, unless their protective action can be extended, they cannot be recom-
mended for field application. During attempte to extend ihe protective ection
of muein ke question was raeised whether bacteria capeble of degreding mucin
exist in the rumen. Consequently & sesrch for rumen mueinolytic becteria was
undervaken. Several organisms were isclated froum the rumen and tested for
mucinolytic activity. Five were found capeble of breaking down selivary mucln
and utilizing free sislic (neuraminiec) seid. When culturss of ihese crganisms
vere introcduced into the rumina of fistulated cows grezing a mature nonbloat-
provoking pesture, blost resulted in the majority of instances.

Three sets of fistulated identical-twin cowe were fed a feed-lot-bloat-pro-
ducing ration. After frothy bloat developed, the minimum amount of coarse,
long hay needed to prevent bloat was determined. When bloat ceased, one

member of each twin palr was inoculsted with a mucinolytie rumen organism.

Thia resulted in & marked increase in the degree of bloat over the uninoculated
controls. Thus, 1t may be poatnlated that 1f there I1s reduced salivation dur-
ing the consumption of bloat provoking diets, or if muein 18 destroyed due to
an excessive concentration of micinclytie flora, bloat may result.

There 1s emple evidence that rumen microflora are in some way related to
bloat. Rumipna of fistulated idantical twin cows were emptied, washed with
water, and replaced with (&) 4 liters of netursl rumen fluid or (b) 4 liters
of autoclaved rumen fluid, Both kinds of rumen fluid were from bloating
enimals, and both groups of identicel-twin cows were pastured on succulent
alfalfsa. Cows recelving the patwral fiuld bloated the second day. Cows
receiving autoclaved fluid bloated the fourth day, even though consvming
almost optimum amounts of bloat-producing feed the second and third deys.
These resulis, plus a bacteriologicel study also made, suggeated that bloat
does pot result from & simple phymical breakdown of feed, but that bloat may
depend on establishing a certain concentration of microorganisms,

Micrcorgeniems may be related to bloat in other ways, Slime production by
rumen microorgenisms may contribute frothing factors to legume or fesdlot
bleoat. Control of bloat by antibiotics further suggests an asaocciation
between microorganisme and bloat. Antibiotics may prevent bloati by destroy-
ing mucinolytic bacteria, slowing down gas production, and by inhibiting
bacterial processas involved in the formation of intrarumen foeam.

Since there appears to be a relationship between saliva production end the
molar proporticns cf volatile fatty acids in the rumen, studies were initlated
to determine the changes in VFA ratics during bloet. The ratio of rumen VFA

in fistulated identical-twin cows fed alfelfa hay wae: acetlc 68, propionic 18,
butyric 11, valeric 3. After grazlng alfelfa the VFA ratio was acetic 61,
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proplenle 20, butyric 15, valaric 4. During a 90-day period the YFA ratie
di4 net change significantly even though the cows were rotated from young
pucculent alfalfa to mature alfalfa. There was no correclation between VFA
ratio and bloat. Since fatty acids are surface-active materials and are
known to affect the stability of foames, it appears that an alterstion in
the normal proportions of these acids might either directly affect foaming
or indirectly contribute to dloat by affecting the rumen microflora.

Tt 1a obvicus that bloet is 3 complex mechsnism. It 18 necessary for several
factors to operate simultaneously before bloat will result. Saliva end
mucinolytle bacteria are apparently two fectors in this complex. The bloat
complex may be explained as follows: Bloat is a problem of the development
of foam in the rumen, Foam develops becawse of the consumption of feeds
containing foaming agents such as proteins and saponins. Gas that 1s &
normal product of rumen fermentation bacomss trapped in the ingesta to form

& stable fosm which probably inhibite eructation. This accumulation of gms
that the enimal cannot belch resuits in bloat. Excessive gas production in
the rumen when frothing agente are not present ts not & problem since the

cow can rid herself of the gaa by belching. However, if frothing compounds
are present, then excessive gas production, particularly that occurring from
readily metabolizsble carbohydrates in very young legume pastures or in grain
in feedlot rations, will sarve to provoked bloat. Also, the exiatence of
frothing compounds in a plant does not ngceassrily mean that blrat will ocecur.
Alfalfa hay msda from young legumes usuaily does not prrvoke bloat even though
the hay contains the same froth producing compounds in nearly the same con-
centrations as the green forage. Adding to the complexity of the asituation
i the knowledge thet during the ccnsumption of bloat producing retions there
sre changes in the ratios of rumen volatile fatty acids and the pH of the
ruren. These changes may affect the nature and extent of the foam snd prob-
ably &lter the rumen wicroflora. An increase in numbers of glime producing
umen mliercorganisms may contribute frothing factors to legume or feedlot
bloat, Finally a lack of coarse roughage results in an ingufficiency Of.the
entifoaming feetor mucin due to reduced salivation and/or mucinolytic bacterlal
denrtruction. Removal of the natursl antifosming agent mucin permits blesat to
result.

The Absorption of Methsne and Carbon Dioxide from the Rumen sa Influenced
by Kind and Amouni of Feed - H. Hoernicke, W. F. Willlewms, D. R. Waldo and
W. P. Flatt, Animel Husbandry Research Division, ARS, USDA, Beltsville, and
University of Maryland, College Park

A neparate collection of rumen and expired gas was made in tracheestomized
Jersey cows by meens of a special cannula. The gasea have been analyzed by
gas chromatography. The following retions have besn fed in amcunts ranging
from 1 to 2 times maintensnce: I -~ late cut ernbard gress pellets; II - &
feed lot blost ration (60% barley, 224 alfalfa, 16% soya cil meal, 1% NaCi);
III - long &lfalfa bay. Becsuse the results with rations I + III (bay ratiens}
bave been eimilar, the figures have been combined and compared with those of

11 {grain ration).

Mathane was always present in the expired air in concentraticns from 0.02 te
%o 0.05 Yol. %. The total volume of CH, axbaled per hour was CO.b - 1.3 L
before feeding and 0.6 - 2.0 L, 0-6 hours after feeding. This smounts to
25-96 (mean 21) percent of the “total CHj production before and to
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8-53 (mean 21} percent after feeding which was exhaled, the remeinder being
eructed, The sbeorption rate {ml/hour/mm Eg partial pressure gradient be-
tween rumen gas and blood) was greater with the grain ration (7.0 before,

8.2 after feeding) than with the hay ration (6.5 before, 5.1 after feeding).
This indicetes that ineddition to the partisl pressure gradient other factors,
vrobably blnod flow, influence the methane absorption from the rumen.

The carhon d%:xide abaorption from the rumen has been calcuwlated from the
radicasitivity In the expired and the eructed gses during the continuous
infusic of L'7- labelled carbonete into the rumen. Twelve to 99.8%4 of the
radicaciivity excereted wae found in the expired &ir. Thie correspondes to a
net carton dicyide transfer from the rumen to the lungs of 0.5 - 9.7 L/h
before cad 1.8 - 29.5 L/h after feeding. The net cboorprion rete (wl/h/mm Hg)
aftey fuoding was 3% on grain and 43 on the kay rations. ¥his is 4.1 and 8.%
timeza higher, respzctively, thun transport of metnzne &t the seme concentra-
tion girdient. The rmaller rate on the grain raticn is one other indication
of the iocrsivcing retention of bicarbonate in the rumen with iocressed ab-
sorption of VPA.

Pr.tag of Prodnstion off Individiml Volatile Fetty Aclde in the Pumen of
Tactating Cows = R- Z. Buagate, R. A, ¥ah, and Mogens bimesen, Univecsity
of California, Davis

In conjunction with some eXperiments on lacteting cowa oy Dr. Klsiber and
hie greup in znimal vhyslology on attempt was mede to deleimine oecurately
tne rate of oroduction of the 1ndivideel voletile fosty ocids éuring the
time tled trocer experiments wors belng conducted. fre ero-tire rate
pethod was used but with & gresiir sacuracy, obtaived by cuvpllcele aampling,
svbsempling, sod sanlyeis. The sethod of Wiseman tad Irwia for chremeto-
graphic estimztion <f the acics was employed. Mancretric methods were
utilized to satimate acid production independently as well &8 to determine
carbon dioxide and methane foraped.

Smnoth curves of the shape sxpected for a graduslly deteriorating rate were
coteined in five out of the eight rate meesuvrements. Evrosurs to oxygen and
s fall in temperature were belleved responaible for failure to achleve ex-
pected curves in three caces. From the five experinents the rate of pro-
duction of each acid &t zero time was estimated graphically and for the other
three the sverage rate during the incubation period was ubllilzed for esti-
mating total production. The volume and dry matter of the rumen contents
were determined &t the same hour as the experiment but on sncther dey when
the snimal was subjected to the seme feeding reglimen.

The average =atimated rates of veolstile acld production for the four experi-
ments were, in mols per- day: butyrie 10.56, propionic 12.72, and acetic 40.08,
or 9.6 poundas in all. From 23 to 36 per cent of the cerbon dioxide respired
by the cow was calculated to have erisen as fermentation carbon diexide from
the rumen fermentation. The carbon in the fementation acids and carbon
dAoxide sccountad for 68 to 105 per cent of the carbon in the milk and
resplratory carbon dloxlde of the experimentsal animal.

In one case & sudden shift irn the proportion of volatile fatty acids preduced
was found, with & relatively greater production of proplonic ecid. It vas
corralated with & decrease in the amount of methane found, am would be ex-
pected if methane is formed from hydrogen and carbon dloxide.
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The resulte of the experiments indicate that the rates of production of

the volatile fabtty ecids can ba determined with a fair degree of accurecy

on & single mnimal in a particular experiment, end tbet the rumen fermentia-
tion accounts for the major part of the carbon turnocver in the lactating cow.

Effect of & Combination of Antiblotice on Chloroplasts and Volatile Fatiy
Acids in the Rumen - A. D. McGilliard and H. H. Van Horn, Jr., Iowa State
University, Ames

Studies have indicated that feeding antibiotica in combination is an effec-
tive meens of controlling pasture bloat. Since the mode of action of the
antibiotics is not clear, studies were conducted to take a preliminary look
at the two followlng propoeed mechenisms of action:

1. Antiblotice reduce fermentation rate in the rumen as indicated
by decreased fatty acid levels and lowered gas producticu.

2. Antibiotics act indirectly es antifoaming egente by inhibition
of bacteria which normally dastroy or alter chloroplast lipid,
thus removing a natural defcamer from the rumen.

Volatile acid levels and ratios were determined in 10 steers fed hsay, and
changes in these levels and ratios wvere followed afier the animals were
changed tc alfslfa pasture. Five of the steers received a combination of
antibiotics (penicillin 40 mg., erythromycin TO mg., tylosin TO mg. and
streptomycin TO mg.) in 1 1b. of a pelleted feed (0% wheat middlings and

10% molasses) daily beginning with the first day on pasture, FPive steers
served as controls. Each ssmple of rumen fluid taken for annlysis was ob-
tained by suction strainer immedistely following a 3-hour grazing period in
the morning. Total volatile acid levels were determined by ateam distillation
and titration; volatile acid ratios were determined by gms chromatography.
Total rumen volatile acid levels increased sharply in the control gmup efter
the animals were transferred to peature. Levels in the antibioctic group were
depresped initially but reached levels similar to those of the contrel group
in about 5 days. No apparent differences in wolatile acid reticns wers ob-
served betwveen groups. The initial reduction in volatile fatty acid levels
of the group fed antibiotice suggeste a reduction of the microbial population
in the rumen and/or an alterstion in the rate of fermwentation, It is diffi-
cult to reconclle the transient depression of voletile fatty acid levels,
however, with the continusd edministration of antiblotics and their effective-
ness in centrolling bloat. Moreover, subsequent microbiological atudies In-
dicated that administration of the combinsticn of antibiotice did not alter
total, gram poeitive nor gram negative bacterial counte in the rumen.

Concentrations of chloroplasts, chloroplest fragments and cell-free lipid
were measured in samples of rumen fluld from five animals receiving 1 lb. of
the pellets containing antiblotice Aaily and from five controls. The time
and method of sampling were the same ss those used in obtaining samples for
the volatile fatty acld analyses. Separation of whole chloroplests end
chloroplast fragments was accomplished by selective centrifugation. Thess
fractiona were extracted with 80% acetone and their relative concentrations
determined, photometrically, as chlorophyll. Cell-free lipid wae extracted
from cell-free rumen filuid by the Majonnier procedure and determined gravi-
metriaily. Chloroplasts and chloroplast fragments were found in greater
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concentrations in the rumen fluid of antibiotic-treated animsla. The dif-
farences betwean groups were highly significent. No difference between

groups , however, was observed in the cell-free lipid levels. The higher
chloroplast concentrations in the rumen fluid of sntibiotic-treated animale
lends some support to the second mechanism proposed above but it is etill

not elear why chloroplast concentrations are increased. 1%t would appeaer that
increased c¢chloroplest concentratione could be caused elther by reduced utili-
zation of chloroplasts, resulting in teeir accumulation, or by a more rapid
breakdown of the legume plant, releasing more chloroplaats into the rumen fluid.

Effects of Penicillin and Several Qther Antlbiotice on Hupen Fermentation -
R. 5. Emery, T. R, Lewis, RH. L. Baldwin, H. N. Jordan, Michigan State Uni-
versity, East Lansing

Inclusion of 2.5 ug./ml. of penicillin im 3 hr. in vitro fermentations with
runen fluld bhes csused the following:

1. A 10% increase in gas formation without change in composition.

2. A geveral fold increaee In lactlie scid production with a slight
decresee 1n ubtilization.

3. Little or no change in fatty acid producticn or glucose utilization.

L. Scme irchibition of armonia utilization.

5. Some decrease In the carbohydrate content of bacterial cells.

Neomyein, Virginiamyein, Tylosin, Erythromycein, and Hyemine have a similar
effect ragarding items 2 and 3. The increased lactle acid prcduction is the
most marked and yepeetable of these cbeervationa.

Influence of Calcium and Magnesium oo the @ccurrence of Eloat in Lambs -
Walter Woods and Eeith J. Smith, Icwa State University, Ames

The effect of different minerals on the occurrence of bloat was studied using
wether lambs during the 1960 and 1961 summer menths. Lambs grazing alfalfa
treated with a foliar application of magnesium carbonate (3.9 lb./acre and

7.8 1b./acre), calcium carbonate (40 lb./acre) and calcium phosphete (50.3

1b. /ncre} bloated more severely than lambs grazing untreated alfalfa. The
incresse in bloat obeerved appeared to be similar between the different com-
pounds applied to the alfalfa. Lambe drenched with magnesium carbonate at

the rate of 10 gm. per dey, immediately prior to grazing alfalfa, bloat more
severely than control larzbe. The effect of magnesium carberate eapplied ms

a foliar spray or a8 a drench appeared to be similar with respect to the bloat
syndrome. Drenching lamba with 5 gm. of either celcium carbonate or megnesium
carbonate increased the severity of bloat to & similar degree. The minerals
were administered in the mornings and the lambs were grezed in both the morning
and afterpnocn. The minerals were as effective in increaesing bloat in the
afternoon a2 in the morning grazing periocd.

The administration of ethylene diamine tetraacetic acid (EDTA) end diethylene-
triamine pentaacetic acid (DTPA) significantly decremsed the amount of bloat
observed., The drenching of lambs with 2% gm. of DIPA once daily decreased
bloat in lambs to & greater extent than drenching with 5 or 10 gm. of EDTA.

“he maximum blost ipdex for the control lambs wes 1.T2 ae compared to 1.51

for lambs drenched with 5 gm. of EDTA, 1.42 for lambs drenched with 10 gm. EDTA
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and 1.23 for lambe drenched with 23 gm. of DIFA., Drenching lambs with mag-
nesium carbonate or DTPA singly or in combination indicated that magneeium
carbonate increased the amount of bloat and DTFA reduced the severity of
bloat.

No correlation wss found between the day tc day analyzed total calcium and
magnesium content of untreated alfelfa and the degree of blcat in lamba.
There was considerable veriation in tbs calcium snd wegnesium content of the
alfalfe plent. The average calcium and magnesium content on & dry matter
basis was 1.49% and .45% respectively. The cell-free sBoluble calcium and
magnesium of the rumen contents did not incresse ma the level of bloat ob-
gerved increased with contrcl lamba on the seme forage. Drenching lambe
with magnesium carbonate increassed the cell-free ionic magnesium in the rumen,
but had no effect on calcium. Drenching lembs with calcium carbonate had no
effect on the rumen contents of calcium and magnesium. The time of sampling
was about 4 pnu following the drenching of the lamba et T sm. The results
might be different depending on the time of sempling following drenching.

The oral sdminietration of § or 10 gm. of EDTA reduced the smount of ruminal
icnic calcium snd magnesium in lesmds greging alfalfa. The saversge ruminal
cell-free calcium for the control lambs, snd for lamba treated with magnesium
carbonate, calcium carbonate end EDTA vas 19.7, 18.2, 17.5 and’ 13.6 ng.%,
respectively. The average ruminal cell-free magnesium for the control lambe,
and for the lambe treated with magnesium carbonate, calcium carbonate and
EDTA was 24.2, 32.2, 22.5 and 20.6 mg.%, respactively.

The Utilization of Pectic Substances by Rumen Micrcorgenisms - R. Pressey,
J. D. Fetty, and R. S. Allen, Iowa State Univeraity, Ames

Eariier work has demonstrated that the water-socluble pectic substances of
alfalfs are rapidly extracted and utilized in the rumen, while tbe water-in-
soluble fraction is extracted and utilized only slowly. In vitro incubetlon
studies with pectin and rumen ingesta from different animels indicated that
the rate of utllization varies from animal to animel, diurnally, and a&lac
from day to day. Although the rumen protozoa are capablea of hydrolyzing
pectin, only the bacteria can completely utilize pectin.

The obaservation that pectin was utilized much more readily than galacturonic
acid by rumen bacteria led to a detailed etudy of the metabolic pathway involved.
The utilizetion of pectin, and even dle.galacturonic acid, but not gelecturonic
acid 1tself, sppeared to be A new exemple of the utilization of a disaccharides,
end higher analogues, but not tha monomaccharide, Tt was suspected that phos-
phorolysis rather than hydrolysis mey be involved, and this was supported by

the obaservaticn that arsenate inbibited the utilization.

Cell-free enzyme extracts were made from washed-cell suspensions of rumen
bacteria. Packed cells were diluted soveral fold with 0.16M suline mnd
dlsintegrated with n Raytheon sonic csecillator or & French pressure cell.
The enzyms solution vas stored in the deep-freeze.

On incubation of tha enzyme solution with one per cent pectin in phoasphete
buffer, apparent hydrolyeis occurred with formation of galmcturonic acid,
sccompanied by the formation of an unknown product. Incubation of galacturonic
acid resulied in no reaction. Di-gelacturvnic aclid was degraded to gelacturconic



-22-

acid, and also was converted to tri-galacturonic acid and tetra-galacturonic
ecid, indiecating & transferase action. Tri-gslacturonic acid wss hydrolyzed
to mono-galacturonic acid with traces of di-gealacturonic acld and larger
gquantities of tetra-galacturonic acid. In contrast, ftetra-gaslecturonic secid
was only hydrolyzed to the lower cligo-uronides, with no formation of pente-
galacturonic acid,

Traces of the unknown product wers formed from tetra-galecturonie aecid, and
readily from pectic acid, indicating that the ester group of pectin is not
essential but that a fmirly long chain length may be neceesary. The reaction
occurred only in the presence of phoaphate, but the unknown product wae not &
phosphate derivative. Chromatographic studies indicated thet the unknown is
not tagaturonic acid, but that it is probably & monomer. Treatment of the
unknown with 1N NeJH at room temperature for 1/2 hour transforme it completely
to galacturonic acld and tageaturonic aeld. The evidence suggeste that the un-
known may be an unssaturated derivative of galacturooic meid.

Therz are only & few instances in which the metabolism of pectin by bacteria
has been studied completely., The first few steps of the observed metabolic
pathway conasist of hydrelysis of pectin to gelacturcnic acid followed by 1ts
isomerization to tagaturconic acid, which 1s subsequently cleaved, and the
pyruvate and triose phosphate formed link the pathway to the glycolytic cycle.

Galacturonic acid and tagaturonic acid are therefore intermedisatés in such a
scheme. The metaboliem of pectin by rumen bacteria does not involve these
imtermediates, but probably proceeds by & pathway invelving an unsaturated
derivative of galacturgnie aecld,

In Vitro Studies of tha Digestibility of Certein Plant Practions Using the
Nylon Bag Technique - E. J. Stone, A, J. Guidry and J, &, Frye, Jr.,
Louisiena Agricultural Experiment S ation, Baton Rouge

A 2x2x2xh factorisl experiment replicated six times was run to determine the
relative digestibilities of dry matter and cellulose. Four rumen fistulated
cows, two mainteined on blost producing clover pasture and two on dry lot

with alfalfs hay =28 the scle roughage were the experimental host enimals for
nylon bags. One enimel of each palr was given one pound of a control pelleted
grein ration through the rumen fistula, while the other animal was given one
tound of the same control ration contsining & bloat inhibitor FETS. Into each
animal was placed 4 bags of freshly plucked clover and 4 bags of ground alfalfe
hay. At periods of 1, 2, 4, and 24 hours, seamples of clover and alfelfa were
removed from each cow for their respective mnalyses.

Analysis of variance of the data for dry matter digestibility indicetes that
the mean value for clover, 43.3 per cent, was significantly higher (P -~ .01)
then alfalfs, 37.6 per cent, when all other factore were considered simul-
taneocusly. There wers no differences attributable to dletary roughagea. As
was expected there were highly significant differences in digestibility of
dry matter among time lntervals. The sddition of antibiotic hed a significant
effect (P.=.05) on dry matter digestibility. Where FETS was edded to the
ration of the host snimal the ultimate dry matter digestibllity of both
clover and alfalfs hay was significantly less (P .~ .05) than without the anti-
biotie added for the respective roughege substrates. There were no significant
interactions for dry matter. Furthermore there were no differances among
replications.
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For cellulose, significant differences were found for time intervels (P .-.0l),
dietary antiblotic (P <= .05), and the three factor interaction between dietary
ration X dietary antibiotic X substrate, (P .05). Wnen clover was the
dietary roughage there vas & singificant decresse in cellulcee digestibllity
over time and replications. There was no corresponding decreage for alfelfa.
When aifalfa wag the dietary roughage the plcture was reversed with a decrease
in cellulose digestibility being greater for alfalfa.

A comparison of the best fitting curves for the various treatments and vari-
ables indicates that the FEPS anti-bloat trestment wes effective in reducing
the rate of digestion over the first four hours (normal bloatirg period} for
dry matter digestibility. The alopes of the curves for the digestibllity of
cellulose were not significantly different over this same period. The curvesa
indicate that some fraction other than cellulose is being digested rapidly
where PETS was not fed to the host animal.

Phyeiological Action of the Nitrate Jon - G. B. Garner, R. A. Bloomfield,
C. Welsch, J. Hersey, E. 0. Kearly and M. E., Muhrer, University of Miasouri,
Columbia

The physioclogical significance of the nitrate ion hae been presented in most
texts a8 of little importance. Today, the interest is heightened by the
various physiological phenomena which are associated with dietary intakes
above 0.3% NO3 of the dry matter of the ration. At least five areas are
envolved, and once the nitrate ion ia in the circulation, epecies differsnces
are lessened. The areas are:

l. Icdine-chloride metabolism end concentratione in exirs-
cellular fluids

. Thyroid function.

Hon-protein nitrogen utilizstion.

Production loss {milk and gain}.

Vitemin A deficiency and abortion.

MEEFL Y
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With rats, it hes been cbserved that the % of dose uptake of IL3l is diminished
68 the dietary level of nitrate incremses. WNitrate has &lsoc been shown to
inhibit 113l uptake by bovine thyroid elicee in an in vitro system. Sheep

ted 1.5% KNO3 showed s marked reduction in circuleting 1131 and en equal re-
duction in PBI13'. fThe blood nitrate level in the serum was 1.83 mg. %.

Thus it is not surprieing to find enlerged thyroid glands in rate receiving
2.5% dietary potaseium nitrate and under cold stress. How muck of these data
can be applied to the bovine is now under study. No difference in rat weight
reaponse was noted until cold stress was applied. Therefore thise is highly
suggestive of the field plctures we have observed in dairy herds.

Since nitrate interferes with iodine it can be expected to affect chloride
metabolism. Scme datse indicat®that the major drop io milk production fallow-
ing nitrate dosing ie not duvue to methemoglobineemisa and cne can only ask if
chloride could be envilved. This too is under study.

The effect of vitamin A metabolism appears toc be primerily s prevention of
storage. Miasouri experiments have demonstrated this in rata and shesp and
recent Illinois and Arizons work indicate this came finding in cattle.
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The utilizdtion of NP by sheep fed dietary nitrate indicates that the nitrogen
belance 18 reduced and that urea-ammonie nitrogen is not metebolized by the
rumen becteria or the host animsl in the normsl manner. This cen be shown by
in vitro studies in which bacterial amonia incorgoration intc protein ig re-
duced before nitrite is detectable. With higher blood ammonis or urea levels
the tissue probably reduces leas nitrafe to emmonia and thus the toxleity is
increaced.

In order to study the possible interaction of nitrate and ures, an experiment
was designed solely to determine the nitrete/ures space of sheep and cattle
by intravenous injlection of esch and irc combination,.

The urea space (% of body weight) was 51-59% for cattle, 67-T8% for sheep.

The nitrate space (% of body weight) was 23-35% for sheep and 20-33% for
cattle. The nitrate space irncreased to the higher levels when both urea and
nitrate wvere injlected simultaneously. Blood clesrance retas for both ures
and nitrate were lessened in combination as compared to single injection. The
recovary of nitrate in 7 bours indicates thet nitrate 1e metabolized by the
tiesue or secreted into the rumen by way of salive in considersble quantity
end metabolized by the bactaria.

The purpose of this report is to point out the physioclogicsl ection of tha
hitrate lon &g we now know it.

Organic Acid Composition of Rumen Content of Bloated snd Non-Bloated Steers -
H. W. Essig, C. B. Shawver and L. B. Waymack, Missisaippl Stete University,
State College

This study consisted of three trials in which selected bloster and non-bloater
steers were allowed to graze Ladino clover for 1% hours, morning and afterncon.
Rumen asmples were taken by stomach tube before and after grazing. The rumen
contents were strained through cheese cloth, then made acid (pE 1) and frozen
in a dry ice-alcochol beth. The frozen samples were then stored at 0°F, until
analyzed for acetie, propionie, butyric and higher acids, using a celite
partition chromatographic technique. In trial I, rumen samples were taken

at T:30 and 9:30 a.m. from three blowter and three non-bloater stsers on

two dates giving & total of eix obeervations for each group of bloaters and
non-bvloaters. When the VFA date {milliequivalents ¢f VFA'es Ter 100 ml. rumen
fluld) were subjected to a statistical enalysis the totel VFA concentrations
from bloaters were significantly higher then those from non-blcaters. Signifi-
cantly more total VFA's were present in eamplee taken at $:30 than those taken
at T7:30. There was & highly significant difference in VFA's present in the
rumen fluid. There wore seignificantly more totel VFA's in the 9:30 bleoseter
rumen samples than in the 9:30 non-bloster samplea. In trial II, umen
samples were removed at 9:00 aum., 11:00 a.m, and 2:00 p.m. from two bloaters
end two non-blosters on two dates to give four obeservations for sach group of
bloaters and non-bloaters. Total VFA concentration for bloeters was highly
significantly greater then those for non-bloaters. There was a significant
difference within VFA'as, There % a gignificantly greater totel coneentration
of VFA's for 9:00 a.m. bleaters than for 9:00 a.m. non-blcaters. In trial III,
rumen ssmples were removed from four bloaters snd four ncn-bloaters at 9:00 a.m.
and 2:00 p,m. on twvo dates to give eight observations for bloaters and non-
bloaters; however, one cbaervation for bloaters and non-bleoaters waa not
fpeluded in the statistical analysis due to incomplete chemical ansalysis of

+he rumen samples. Total VFA concentraticons for bloaters and non-bloaters
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were again significantly different in this trial. There was & significant
difference in time of sampling and within VFA's. There was & significantly
higher total VFA concentration for the G:00 a.m. bloaters than for the 9:00

a.m. non-bloaters. There was no difference in the 2:00 p.m. bloater and non-
blcater totel VFA concentretioms. In all three trials there was a significantly
graeter total concentration of VFA's for bloaters than for non-bloaters. In

all trials the total concentration of VFA'e was higher for the bloaters im-
mediately after grazing than for the non-hloaters, indicating that elther the
bicaters were producing greater quantities of VFA's or that the VFA's were

not absorbed &s readily in the bloaters as in the non-bloaters.

AGRNNOMIC FANEL

Somae Environmsntal Factors Asaoclated with the Accunulation of Hitrate in
Corn - R. H. Hageman, Unlvereity of Illinois, Urbana

Experimente initisted in 1956 demonstrated that increasing levels of artificial
or competitive (self end sid) shading were mssocisted with accumulation of
nitrate, and lower amounts of carbohyirates in the piant as well ss decreassad
yielde of grain and stover. Varietial respcnse under competitive or artificiel
snadetreatment was similar and varietial differences were noted. Varietiea
(Hy2 X ohT or Hy2 X Oh4l) recommended for high density plantings outperformed
WF? X €103 under the artificial shade treatments,

In genersal,. nltrogen metaholism wees more adversely affected by decreasing
light lntensity than was carbohydrate metabolism. The data cbtained would
not suppert the corclusion thet carbohydrate metabolism was limiting nitrate
assimilation but implicated lack of light an a causa}l factor.

Subseguent eXperimente demonstrated that young corn plants placed in complete
darkness for 48 hours lost G0% of their nitrate reductase activity. The
acrtivity was quickly restored when the plante were returned to the light.
Artificial shade experiments in field amnd greenhouse demonstreted theat nitrate
reductase activity decreassed in rough proportion to the amount of shading.

It was shown that both light and nitrate (substrate) are necessary for the
formation of the enzyme nitrats reductase, Diurnal variations under field
conditions were observed for nitrate reductese activity, nttrate, and water
scluble protein content of the plant. The enzyme activity correleted nega-
tively with the nitrate content and positively with the protein content.
Variety Hy2 X Oh7 under wide variaticns in environmental conditions hae con-~
gistently showm a higher level of nitrate redutese activity than WF9 X C103.
Droughty conditions and ectual wilting of plante is assccisted with a drametic
loag of extractable ultrate reductsase.

Current expsriments show that with four varieties there is a correlation be-
tween nitrate reductase activity and their yleld potential at high density
plantings. Field surveys over the past two seasons have revealed that inbred
etraine differ in their extractable nitrate reductase activity and can be
grouped into high, medium or low catagories.
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The nitrate content of any tissue at time of harvest is the resultant of two
factors: rete of supply end rate of utilization. Rate of supply is dependent
on nitrete content in the eoll, available water to move the nitrate 1in the

goil and plent, and accumilation and trensport propertiies of the plant con-
cerned. The rate of utilizatlon {s dependent on the activity of the enzyme
nitrate reductsse. The mctivity of this enzyme ie affected by a wide array

of environmentsal factors, light, nitrate concentration, drought (plsnt wilting)
and temperature.

The Problem of Predicting Digestibility from Chewicel Composition -
J. T. Sullivan and Donald Burdick, Crops Research Division, U.S.D.A.,
nivereity Park, Pennsylvenisa

Meny methods have been proposed for predicting the digestidility of forages
Trom one or more chemical constituents, such as crude fiber, protein, ligninm,
et¢. The prediction ia basad on A atatistical analyeis of date from experi-
menta in which feeds of known chemical compoaition have been fed to anlmala
under more or less controlled conditiona. Thie paper 1e concermed with the
question: What shall we analyze for in order to relate ocur findings to the
digestiblility of foresges?t

We have been studying the compoeition of forages and thelr digeetibility by
runinants. We have studied ebout 200 samples, most of them from pure stands,
either grass or alfalfa, a small number are mixtures and & small number of
gilages. Most of them are from first cuttings ard relatively fsw are second

or later cuttings. All had been fed to sither cattle or sheep without added
concentrete. They were donated to us by stations which hed conducted digestion
trials. With them we received some snalyticsel date and slsc made some analyses
ourselves. The data ware studied for the purpose of eelecting or designing a
procedure of chemicel snalysie which may be used to evaluate the forage or to
predict its digestibility.

The most digestible portion of the forage is thet comprising the cellular
contents and the least digestlble ie the cell wall substance. The problem
is therefore to determine by chemical means how much of the cell wall sub-
stance 1s digestible, Can that be determined by chemical analyses slione?

The crude fiber method i the oldest of attempte to messaure the digestibility
of forage. The isclated crude fiber fraction contaioe & large portion of the
cellulose and a large portion of the lignin. Forages of a high cruds fiber
content are believed to be of low digestibility.

In greas and in alfalfa there lg & negatlve correlation between tha crude
fiber percentage and the digeatibility of the dry matter. The latter can

be predicted from the crude fiber percentsge with an error of k.l in grass
and of 3.5 in elfalfa. The positive correlation between crude fiber and
digeatibility in samples contalning both grass and alfelfa is less common.

A plotting of the regreselon equations for grass and alfalfa would show that
there iz a fundamental difference in the composition of greass and alfalfa in
ralation to digestibility and thet while the crude fiber content may he uged
as a predictant in cne or the other, the same regression equation cennot be
applied to both or to & mixture.
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Other fiber methods have been atudied, the normal acid fiber, a 5 percent
acetic acid Piber, the alecohol-insoluble portion of the forage, the protein-
free alcohol-insoluble portion, aud cellulcse in a number of different forms.
The quantity of any of these has some relationehip to digeetibility but the
relationship does not szem clcee enough so that one of them can be used ss a
reliasble predictant in all forages.

Praotein ie anotker common index of the digestion value. In grass that is
growing normally the intske of nitrogen does not keep pace with the deposit
of carbohydratea so that in time the percent protein steadily decreases and
the proportion of cell waell material incresses. Positive correlations result
therefore between the vercentage of protein and some digestion coefficients.
The standard errors in tha prediction of digestibility from protein content
are high.

Lignin is intirately &sacciated with the otheyr cell wall econstituents and

where it occurs in large quantity the rumen microorgenisms have difficulty

in breaking down the cellulose. It ia therefore negatively correleted with
digestibility. The error of prediction of the digestibility of dry matter
from the lignin content 1s less then similar error with erude fiber or protein
tut it ie still too high for cur purpose. BPBetter correlaticns wers obtained

in previously published data with a small number of samples which had been ob-
tained from stations with long experience in carrying out digestion trials.

The error wasa close to 2.0 in these other casee. Here with a larger populaticn
from a greater number of scurces there is & greater error.

If the regression equations for grass and for alfalfa are plotted it will egaln
be evident that there is & fundamental difference in the composition of grass
and aifalfa in its reletion to digestibility and that the lignin content 1s

not a reliable predictent for mixturea. PFor a reliable prediction in mixtures
it would be nescesgary to know the proportion of grass and alfelfa in the mix-
ture &nd the lignin content of each. As most of ocur forages occur as mixtures
we are faced with the problem of finding a common denominetor for their
evaluatioa.

A method which is being studied in our laboratory is based on the eape of
hydrolysis of bemicellulose. The most abundant constituente of the cell wall
are cellulose and bemicellulose, and their digestion coefficienta &res of the
same order. Whlle cellulcse is readily attacked by rumen microorganisms, it

ig difficult to break down in the laborstory. Hemicelluloses, on the other
hand, are relatively easy to solubillize and to hydrolyze by laborstory means.
They are broken down by mild acid hydrolyeis intc a number of sugars, as
rhamnose, galactose, glucose, arabinose, and xylcae, and to one or more urcnic
acida. Xylose 1 the mcet esbundent of the products of hydrolysis, sometimes
amounting to TO percent of the total hydrolytic production. These producta

may be separated by peper chromatography and determined guantitatively but the
relative errors are large for those which ceccur in minor quantities. Because
of its abundance xylose can be determined more accurately. One of these sugars,
glucose, may be a contaminent in hemicellulose hydrolyzates, as is fructose
alpo, and they may be removed by fermentation by yeast. Two methods being used
for the quantitative determinaticn of the hemicellulose constitueats after hy-
drolysis are one involwving chromatographic separaticon and another the measuring
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of the radueing power of the nonfermentable portion. Complete hydrolysie as
measured by the meximum yield of produets is obteined by subjecting a sample
(after extraction with benzene-alechol) to 1.0 N HySOp for 6-8 hours at 100°C.
Hydrolysis takes place more slowly with a weeker acid, s (.1 N, and the degree
of partial hydrolysis which has taken place at any given time may be measured
by analyzing the products cobtained at that point. It hae been observed that the
different sugsr components ave not released from the parent hemicellulose at
the same rate., For example, most of the arabinose and galactose are relemsed
quickly, and xylose more slowly, and thie featiure of slow release of xylose
lends itself to the messuremsnt of the degree of partisl hydrolysis, The
pettern of release of the various sugare by acid hydrolyeils resembles that
obtained by in vitro rumen action. It has been noted further thet the amount
of hydrolysis which has occurred at a given periodof time (1.e., one hour) is
rositively related to the digestibility of the forage as determined by con-
ventional means.

An emplrical set of conditions was chosen to messure the ease of hydrolysis

of hemicelluloses. Xylose was determined chromatographically im two hydroly-
zates, that of 0.1 N acid in one hour and thet of 1.0 N in & hours, the latter
to repregent the total xylose of the forage. The proportion of the total xylose
found in the first hydrolyzate ls compered with the digestion ccefficlents of
dry matter of 11 forages of a number of different species of grass sand of
alfalfa. There results a correlation of +0.96 (P-c .01} between these two
valuea. This appears & rromising method in that different species fell on

the same regression line, 44.0 + 1.08 x. A correlation of -0.82 occcurred
between the proportion of xylose released and the lignin content of the forages.
these date show that forages of high digestibility, when subjected to conditions
of partial hydrolyeis, release a greater proportion of their total xylose than
do forages of loware digeetibility, under the sasme conditions of treatment.

We do not recommend es yet that this method be used to predict the digesti-
bility of forages. Parhaps the empirical conditione chosen hare will not prove
to be the ones moet sultsble but it seeme thet the prineciple of this apmroach
is good and that some conditions may be found which will be succeseful.

Fcaming Properties of Alfslfa and Their Relatlonship to Bloat - R. Pressey,
5. H. Synhorst, Janet Bertrem, and R. 8. Allen, Iowa State University, Ames

The following procedure was used to study the foaming properties of alfalfa
extracte and their relstionship to bloat. Twenty-five grams of fresh four-
inch tops of alfalfs were blended with 60 ml. of buffer in & Servall Omni-
mixer for two sand one-hsalf minutes. The blending was done intermittently to
prevent excessive heating. The macerated materisl was squeezed through cheesse
cloth and then centrifuged at 1000g for five minutes. Fifty ml. of the super-
natant were placed into the foam meter which wvas immersed in a constant temper~-
ature bath. The instrument is espentially a greduated column with a aintered
glass plate at the bottom. Paesage of nitrogen at & constant rate through thes
sintered glass plate into the gcolution converted the solution ta fasp, The
velure of solution rezmalnirg in th: foam after given parinds of tire follcw-
{1, the passa:;z of nitrogzn was measursd and used &8s an indax of the lceaming
propertiee of the solutloc.
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The foaming properties of an extract were observed to be dependent on the pH
and temperaturs of the macerating medium. Maximum ptability wes cbtained when
macerstion was done at about 20°C and in a buffer of pH 5.5. Maceration at
higher temperature and low pH reeulted in decresced foam atabllity. Subseguent
to extraction, variaticn io pH resuited in only small changes in foam stability.

The dependence of the foaming properties of an extrect oo maceration conditicna
may be explained by regarding the plant material as & complex system of not
only fcaming agents but also foam inhibitors and foam stabilizera. Thus, the
low atability obtained when macersation is done st high temperature end low pH
may be the reeult of maximum extraction of & foam stebllizer under these
conditions.

That such B system dces exist in the plant material is supportedby the cbser-
vation that the pectic substences, which occur in substantisl quantities in
nlfaifa, are effeactive fcam stabilizeras. Evidence wes aleo obtained for the
presence of one or more fonm inhibitors in alfalfa. Extraction of lyophilized
alfalfa extracts with alcouol at low temperature incressed the foam stability.
The solubility propertles of this foam inhibitor suggeet that it may be a con-
Jugated lipid in the plant material. Further evidence for the presence of foem
inhibitors vaa obtained from fermentstion studies. When vashed suspenslons of
rumen bacteria were incubsted with alfalfs extracts, the foam stability in-
creased during the first two hours apd then remained comtent. It is known
that certain foum stabilizers, like the pectic substances, are raepldly degraded
by rumen bacterie, but the observed incresse in foam etability suggests that
destruction of foam 1inhibitors hes en important effect on the system.

The variation of foaming properties of elfalfa with stage of growth consisted
of an incresse as growth progressed with a decrease near the bloom atage.
Deviations from this pattern were common, and chenges occurred gradually dur-
ing several days or rapidly during e single day.

Tue fosming properties of alfelfe samples from plots grezed by experimental
animals were compared to the occurrence of bloet. The peaks in bloat corres-
pmded to high foam atebllity, but a direct relationship wes not always ob-
served. The results suggest the importance of conditioning of the animal in
ite susceptibility to blosat.

PHYSIOPATEQLOGY PANEL

Physiological and Biochemicsl Effects of Experimentel Blost in Calves -
C. M. Stowe and A. L. Good, University of Minnesota, St., Paul

In an effort to better understand the pathopgenesis and cause of death in acute
bloat, snesthetized calves were insufflated to 20, 30, and 40 mm Bg pressure
with nitrogen, oxygen, and s gas mixture conteining carbon dioxide, metbanc,
hydrogen sulfide and hydrogen. The following parameters were studied in eech
animal before anesthesia, during an anesthesia control period, and during rumen
insufflation to various pressures: Cardiac output, blood pressure, erterial
and vennue blood oxygen, carbon dicxide, oxygen consuwption, bood pE, and
arterisl and venous blood lectaste from vaerlous portions of the circulatory
Bystem.
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In genersl, it was found that cerdiac output decreased during bloat, as did
the blood oxygen valuen, blood rH, and cxygen consumption. The anserobic
metabolice rate increased, and the celculated oxygen debt rose etemdily during
the bloating period, es did the lactate-pyruvate retios. Although the L/P
ratios and excess lactate increased in the general blood pocl, there waa a
relatively gresater rine In the peast-caval and femoral vein bloecd posterior
to the rumen distention. In snimals glven oxygen at & rete ¢f 5 liters per
minute via a tracheel cathoter during insufflation, the changes noted shove
were greatly modified, These experimenta suggest 8 rether pevere hypoxisa,
systemle acidosls and & deterioration of the cerdio-veacular system during
experimental blost.

Some Undesirable Affecte Observed in Cows Fed a Combination of Antibiotics -
R. 5. Emary, Michigan State University, East Lensing

A cowbination of antibiotics was fed to several herds 1in such & manner that
each animal received daily %0 mg. procaine penicillin plus 70 mg. each of
Tylosin, Erythromycin end Streptomyein. A total of six cut of 50 cows re-~
ceiving the antiblotic produced dark colored feces contaning mucue cesta.

One of the cows vomited several times and there was some discoloring of the
urine. All 6 cows dropped to about 1/2 of their normsl milk production.

None of these aymptoms were displsayed by any of the 50 cowas in the control
group. In another herd, no symptoms were noted in the 20 helfers on the
antibiotic group, but the Junior herd sire obtained access $o the feed bunka
where the heifers were belng fed the sptibiotice plus grain. He waa found
decd on pasture. A post was conducted on this bull end death was due to
severe enteritis. The rumsn flore was very ebnormal in microscople eppearance.
Two types of rods were the only epparent flora. Antibioticsa sassays using &
B Subtilis spore suspension was conducted. The rumen contents apperently con-
tained antibiotics mctivity equivalent to about 1/10 of a unit of penicillin
per ml. The rumen contents also contelned 12 mg.$ lactic acid. Since the
contents were not neuvtralized in any way, it 16 poesible that zome of the in-
hibition zone wea due to ecildity in the rumen contents. Fathologicel examin-
ation of the liver, kidneyse, and gut was inconclusive due to postmortem de-
compoeition. No undesirsble reactions have been observed in enothar group
of 50 heifers and in 22 cows although the preparation was unpelatable to the
COWS .

Digestive Secretions in the Tuodenum of the Sheep - F. A, Harriscn and K. J.
Hill, Institute of Animel Physiology, Babrahem, Cembridge, England

Peszage of digesta from the fore-stomachs of the ruminant is & continuous
procees end is reflected in the contipnuous nature of the secretory behaviour
of the digestive glands. Quantitative daia are however required on the flow
of digesta and digestive secretions in the sbomesum and the remainder of the
tract before & complets assasament of the digestive events in these regions
is possible. Attempts have been made to cbtain some information on these
topics by measuring the rates of flow of bile, pancreatic juice and duodenal
secretion under different conditions and releting these to ths passage of
digesta through the duocdenum. The relationship of gastric, pancreatic and
duodenal secretory Activity and the secretion of bile, to the reaction of the
digests in the duodenum haa aiso been investigated.
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The Use of Partial Exteriorizations of the Reticulum and Rumen for Motility
Studies - C.S.W. Peid, Physlolcgzical Laboratory, Cambridge, England

Surgically creeted partisl extericorizations of the reticulum and of different
regiona of the rmen provide a convenlent means of observing the contractions
of the stomach wall in consclous animals. The advantages offered by thls
technique are: 1) visusl observetion of both tonie and eg-ordinated motility
is possible, at any time, and without physicel interference with the animel;
2, direct mechaniesl recording of the activity i1s poesible; mnd since this
dces pot impede simultseneous visual observation, one can be checked against
the other; 3), miltiple recurding can be carried ocut from well-defined points
which are readily accessible; 4) the recording proceduree ceuse little if any
disturbance to gastric sensory inmervation; 5) there is no interference with
the passage of the gssiric contents nor with the processes of digestion; ob-
servation and recording may therefore be continued for long pericde without
risk of develormment of sbnormal clrcumstances.

A preiiminary iuvestigetion of the movements of the reticulum and rumen during
fasting, feeding and rumination has been carried out in sheep using this method.
As well as differences in the frequency of the movements, characteristic dif-
ferences in their form (the megnitude, duration, complexity and temporal inter-
relationships of the contractions of the various compartments) have been found.
These observations have allowed & more precise definition of the sequences of
contraction in the reticulum and rumen, perticularly of the events in the
ventral regions of the rumen.

The Effect of Absorpticn on the Acidity of Rumen Contenta - Alsn Dobeon,
The Roweti Research Institute, Bucksburn, Aberdesn, Scotland

When a nautral solution of a short chain fatty acid i1s placed in the isoleted
retliculorumen, for every two moles of fatty acid absorbed about one mole of
biocarbonate appears in the lumen. The epithelium is, howsver, permeable to
both carbon dioxide and bicarbonate. The concentration of bicarbonate in the
rumen golution at which it pesses neither in nor out of the lumen is raised
when acetate 1g sbeorbed, wheress that of carbon dioxide ia lowersd. This
indicates that part of the acetate is absorbed as the free acld even at neutral
pH. This absorption mechaniam appeara to be of an importence similar to the
vroduction of aaliva in allaowing the plasma to neutrelize the fatty acid pro-
duced in the rumen.

Quantitative Studies of Eructated Gas Entering the Lungs During Normal Eructa-
tion in Cattle: The Possibie Phyeiological Significence of Plumonery Absorption
of Eructeted Gas - R, W. Dougherty end H. M. Cock, Nationsl Animal Disease
Laboratory, Ames, Iowa

Two well-trained cows having rumen and tracheal fiastulas wers used in this seriss
of experiments.

A face mesk and a cuffed andotracheal cannuls pageed through the mid-cerviecal
tracheal fistule and directed towards the larynx made it poesible tc messure
the eructated gas leeving ibe mouth and the gaes entering the trechea.

In sll experimente, the greatest percentage of the gas entered the trachea with
each eructation. The difference wae not &s much during rumination.

Physiological implicetiona were discussed.
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