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February 24, 1964

TO Participants in Cotiference on Rumen Function

FROM H. W. Marston, Chairman of Conference, Agricultural Research
Service, U, 5. Department of Agriculture, Washington, D. C.

SUBJECT Report on Seventh Confernce on Rumen Function

Attached is a list of particlpants in end a copy »f abstracte of papers
presented at ths Conference on Rumen Function held at the Hamilton Hotel,
Chicago, Illinois, on Iecember 4 ard 5, 1963.

The Conference convenad &t 9:15 AM on December 4 and was concluded at
approximately 2:30 PM on December 5.

The Chairmen of the several panele organized the pregram fnr their respec-
tive panels. They, together with the persons who presented papers, are
comended for the excellent meterial made availsble to the group. Those
attending the Conference are &lso commended for the interesting discussions
that followed the presentation of the various papers. The Conference vas
pleased to agein have a nutber of representatives from various institutlions
participate in our activity.

The participants agreed that & similar conference should be held in 1965
at appraximately the sams Stime of the year and alec to be held in Chicago.
The Chajirman requested the group to select his succeesor but the only
satisgfaction he obtained waa that if he found it impossible ito attend

the next meeting he select his own successor.

Enclopures - 2
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REPORT ON
CONFERENCE CN RUMEN FUNCTION
held at

Hamilton Hotel, Chicago, Illinois
Cecember 4-5, 1553

For the purpose of discussion, the program was divided into five panels.
The identity of the panels and the chalrman of each ras se follows:

(a) Agronomic - D. E. McCloud
(b) Physio-Pathology - R. W. Dougherty
(e¢) Anima) Management - J. M. Bods

(d) FRumen Physiclogy - N. L, Jacobaon
(¢) Microbiclogy - C. K. Smith

(Drs. Bode and Smith were unable to attend the Conference)

AGRCNOMIC PANEL

Varietsl Differences in the Ssponin Content of Alfelfa - M. W. Pedersem,
U. S. Department of Agriculture, Logen, Uteh, and G, Allan Teylor, Utah
Agricultursl Experiment Stetion, Logan

Toxic components are not uncommon in forage crope. For example, coumsarin
occurs in sweet clowver, alkalolids in lupines, prussic ac¢id in sudangress,
and saponin in alfalfa. The importance of toxie compounde In the crope
mentioned except Iin elfalfa has been well established becsuse of their
extreme toxicity, which frequently results in sudden deeth to the grezing
enimal. Gaponin is kmown to I1nhibit the growth of chicks, but a questicn
remains in regards to its importarce in hay eand pasture for ruminants.

Samples of forage of the two varieties of alfalfa grown in replicate were
harvested at weekly intervals throughout the 1962 growing eesgon. The dry
sapples were geparated into leaf and atem portions and analyzed for saponin
by the carbon pyridine procedure, The relation of ssponin percentage to
leaf percentage was checkted hy covariance,

"F" values for saponin content in the foliage of these varietles were 113
for dates, S48 for verieties, and 15 for the variety by date interaction; by
adjusting for leaf percemtage, the values were changed to 38, 374, snd 13
reepectively. The appreciable reduction in the "F" wvalue for dates indicates
that at least part of the change in saponin content was accounted for by a
change in leaf percentage. Although there was & reduction in the "F" value
for varieties, the residual valus was high encugh to confirm 8 trus varietal
difference in seponin content. The reduction in the "F" walue for the
interaction of varieties by dates was very small.

The average seponin contents of the leaves were 2.13, 3.8k, and 3,37 for the
first, second, and third crops respectively. The eaponin content of the
leaves of Lahontan alfalfe was 2.26 compared with 3.43 for TuPuits.

The saponin contents of the stems were 0.9%, 1.56, and 1.4 for the first,
second, and third crops respectively. For the entire sesson; Lehontan stems
averagei l.ll percent saponin compared with 1.33 for Du Pults.

The semson-aversge saponin contents of the foliege (both stems and leavea)
were 1,82 for pahonten and 2.58 for Du Puits.
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Higheset saponin values were obtained on the earliest dates of harvest for
the second and third erepe. S2ponin eontent declined as the plants became
older. This trend was not obsetved on the fir~. crop, harvested on May 10.
Posslbly high saponin wvalues occur eariier in ilis season. This is support-
ing evidence for the saponin factor in bloat.

The failure of the two varieties co have & simllar pattern of saponin values
for the different harvest dates resulted in & significamt date by variety
interaction. As Du Pults matures faster than Lahontan, this may have been
responsitle.

Sapenin content in the folimge is controlled to e large extent by the per-
ventage of leaves because of the high percentage of saponio da the leaves.
The decrease in saporin content assccisted with matwrity is linked with
the perceatage of leaves.

A correlation of .84 between percent saponin in the foliage amd percent
leaves was obtained by using valuee from both verieties for the season.
Thus, 8 sample with 40 percent leaves would hzve a calculated saponin
content of 1.02 percent compared with a pample with 60 percent leaves
which would bave a calculated value of 2.36 percent saponin,

Locking et the problem from the plant breeder's viewpoint, we are in the
fortunate position of having neturally occurrirg breeding material with a
wide rarze in contents of & “oxic substance, but are in the unfortunaete
positicin of not having adeguate evidence oo varietal comparisons for
toxicity. A full scale bloat test of the two verleties is needed in order
to evalucie properly the importance of the differences in saponin content.

Foeming Properties of Selected Varieties of Alfaifa - 3. H. Synhorst,
D. K. Hotchkiss, R. E, Worthington, C. P. Wilsie and R. S. Allen, Iowa
State Miversity, Ames.

Alfalfa varietal differences and the effect of nitrogen fertilization on
the foaming properties of 4-inch tops, as messured on a static foam meter,
vere studied during the 1962 growing semson. In addition, the jinfluence of
solar radietion, moisture stress, and growth period were considered. The
twelve winter-herdy varietiss used in this work were selected to include

a wide range of genetic diversity. A1) varieties were grown In & similar
environment with half of each plot being fertilized with nitrogen before
the first and third growth perlods,

The basic test was en in vitro measurerent of the foam stabllity of buffer
equecus extracte of b-inch alfaifa tops using etatic foam meters under
standard conditions as described by Pressey et al, (J. Animal Sci.,

22:970-79, 1963).

Forage samples were processed 6 days per week during the first, second, end
third growth pericds. Twelve verieties were studied during the first end
second growth pericds; supplementary nitrogen fertilizer (ammonium nitrete,
120 1bs N/acre) wes added to four of these varieties prior to the first
growth period. During the third growth period, direct comparisons of the
fertilized (200 lbs N/acre applied after the second cutting) and non-
fertilized plante of eight varieties were made.
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Statisticul analysis was accomplished by least squares analysls necessitated
by missing observations in the original partially balanced imcomplete block
design., Most varieties (Ranger, Narragansett, Arnim, Cody, Vernsl) showed

a aignificant (P <C.05) increase in foaming potential with nitrogen fertili-
zation; however, others (Travois, Culver) showed virtually no change due to
fertilization. Differences were accentuated dwuring periods of rapld growth.
During the first and second growth periods Alfa showed & significantly

(P <Z.05) lower foeming potential than other non-fertilized varieties, while
Cody hed & foaming potential significantly higher (P <C.05) than other
varieties studied.

Adjustment for varictal differences was accomplished by covariance to permit
an evaluation of the influence of environmental factors. Any influsnce of
soll moisture stress on foaming scores wgs not detectable in thie gtudy.
This may be attributed to the limited number of daye when moisture stress
cccurred.

A significant quadratic trend in foaming potential over stage of growth
was noled during both the first end second cuttings, shown as a general
increase in foam potential up to plant differentiation for flowering,
followed by a rapid decline. This trend occurred during & mch sghorter
period of time for the second cutting as compared to the first,.

Soluble Protein Content of Alfalfa and Birdsfoot Trefoil - 8. H, Synhorst,
C. P. Wilsie, and 8, E, Worthington, Iowa Staty Univereity, Ames

Samples of 4einch tops of Alfa alfalfa (Medicago setiva) and Viking birde-
foot trefoil (Lotus ecormniculatus), grown on adjacent plots, were analyzed
for Kjeldahl nitrogen, scluble protein nitrogen, and dry matter. The
stability of foam produced from buffered aquecus extracts was also
determined using the static foam meter described by Pressey et al.,

(J. Anirml Sei., 22:970, 1963).

Sampling was initieted when the plants had attained a height of & inches
following the first cutting, and was continued for & period of 26 days.
The samples were collected at @ a.m., with processing starting within
an hour.

A Servel Omni-Mixer was used to blend 25 g. of fresh plant material in
60 ml. of 0.2 M, pH 6.5 phosphate buffer for 2.5 min. at 39°C., The
resulting alurry was atreined through cheese cloth and centrifuged for
5 min, 8t 1000 x g; the supernatant was used in measuring the foam
potential. An sdditional sliguot of the supernatent was centrifuged for
an additional 30 min. at 30,000 x g and an aliquot of the resulting
supernatant analyzed for Kleldahl nitrogen. A pBecond allquot of the
latter supernatant was treated with an equal volume of 20% trichloroscetic
acid, centrifuged to remove preciplitated protein, and anslyzed for
Kjeldahl nitrogen. The difference between the two nitrogen values was
accepted ag the value for protein nitrogen. Total Kjeldahl nitrogen
was determined on material which had been dried for 18 hours at 110°C.
and subsegquently ground in a Wiley mill.
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The Kjeldahl nitrogen coutent of alfalfa varied from 5.5% on & dry welght
besis (0.9%, fresh weight b351s) at the beginning of the test period to

about 3.5% on 2 dry weight be-ir (0.7%, frech wsight basis) near the end

of the period. The soluble n’-chm content o« olfalfe, which was approxie
mately 9.6% of the dry weight (L.5% freeh weighi besis) at the beginning

of the test period, increased to about 12% of the dry welght (3%, fresh weight
basis) during the bud stage, and declined thereafter to spproximately 9%

of the dry weight (2.2%, fresh weight basis) near the end of the test

pericd. Foaming potential also reeched & maxirmm during the bud stage and
declined theresfter.

The Kjeldshl nitrogen content of birdsfoot trefoil veried from an initial
velug of approximetely 5% of the dry weight (0.T%, fresh weight basis) to
about 2.5% of the dry weight (0.6%, fresh weight basis) near the end of the
test period, The initial ecluble protein content of birdsfoot trefoil was
about 3% of the dry weight (0.5%, fresh weight basis) but declined to trace
amounts during the first & days of the test period and remained at this low
level for the remainder of the period. The foaring potemtial of the birds~
foot trefoll samples alsoc declined guite repidly, and during the letter
helf of the test pericd frequently failed to produce messursble stable foam.

The Use of In Vitro Technigues for Bstimating Forage Digestibility end
Intake - R, F, Barnes, Indiana Agricultural Experiment Eta.t.icn, Lafayette

The development of relisble laboratory methods for estimeting forsge quality
is a mos: challenging problem The use of in viiro rumen fermentation
techniguz2s for determwining the digestibility end intake for forages has
advacced extraordinarily since 1955. The in vitro technigues ettempt to
simulate the digestive process in the rmen by which structural carbchydrates
ere digested and converted inte soluble products by enzymes of the rumen
microorganisms. The mein criteria for the in vitro analyses are dry
matter and cellulose disappearance, although ges production and voletile
fatty acid production are slso utilized. The combination of in vitro
fermentation and enzymatic breakdown by pepein has elso shown consider-
able promise. The precision or reproducibility of the in wvitro method

is one of its greatest problems, end a gtandard forage 18 usually employed
in an attempt to control some of the varigbility. The accuracy of pre-
dicting in vivo results is approximately - 2.0 digestibility units and

% 5.0 intake or digestible potentiel units (e.g. nutritive velus index).
One of the greatest deterents to the accurscy o the in viire methods is
the large variabllity inherent with the in vivo :neaauremsnta, upon which
the in vitro results must be based. The 1. 1n ntro rumen fermentetion
technique appeers best adapted to the clasgification of the digestibility
or intake of forages relative to one ancther and where differences are
marked.
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Estimation of the Digestibility and Nutritive Velue of Forages by Cellulose
and Dry Matter Solubility Methods - Burk A. Dehority and Renald R. Johnsonm,
Ohio Agricultural Experiment Station, Wooster

Based on the solubility of forage cellulose in cupriethylene diamine (CED)

& laboratory method was developed which showed a remerkably close aasocia-
tion between the amount of cellulose dissolved from a grass hay and Its

in vivo dry matter digestibility (DMD), cellulose digestibility (CD), and
energy digestibility (ED). However, attempts to anply this method to legume
samples were unsuccessful., Subsequent studies revealed that if the legume
were extracted with 1.0 N HzS0), prior to treatment with CED, the amount of
cellulose dissclved approximated the amount of cellulose dlgested by rumen
bacteria in vitro. Using this "improved" CED method, fairly high correla-
tions were obtained with IMD, CD, and ED for grasses, legures and mixed
forages. On the other hand, correlations with relative inteke (RI) and
nutritive velus index {NVI} were not high enough to be of practical use.

In hopes that the readily soluble material from 2 forage might be more
closely essociated with relative intake, the dry matter aclubility of forages
in 1.0 N HgS0), wes determined (DMS method). Thie laboratory value proved to
be more closely associsted with relative intake., 1In vive digestibility
trials were conducted on a total of 65 forages (22 grasses, 26 mixed forages
and 17 samples of alfalfa), and these data were correlated with CED values,
IMS values, and the product of CEDxDMS values. The data were correlated
with each class of forsges separately and for all foragee together. The
highest correlations obtained for the combined 65 foreges, and the method
giving this correlation were: IMD, 0.87 (CEDxDMS); CD, 0.89 (CED); ED, 0,87
(CEDxIM3}; NVI, 0.79 (IMS); and RT, 0.75 (IM3).

A Comparison of the True Protein and Element Contents of Alfelfa Hay from
Bloating ard Non-Bloating Farms -~ J., E. Miltimore, J, M, McArthur,

J. L. Mascon and R. B. Caracn, Canada Department of Agriculturs, Summerland,
British Columbiz

Alfalfa semples at the hay stage of development were harvested by hend from
35 farms where bloat wes a serious problem and from 38 farms where bloat

did not occur even on lush legume pastures. The samples were analyzed for
nitrogen, phosphorus, potessium, sulphur,calcium, maesnesium and true protein.
There were no differences in the mean contents of these constituents between
bloating and non-bloating farms. There were wide ranges within both types
of farm; true protein for example varied from 7.3 to 4.6 per vent in alfalfa
from bloating farms, with a similar range from 7.7 to 16.9 per cent from
non-bloating farms, Calculated digestible dry matter content using the
equation, 16.4% + (11.8 x ¢ N) + (.2 x % P+ (13.2 x% 8) + {(.,204 x % X),
varied from 52 to 7T per cent with eimilar means for both types of farm.
Correlation coefficlents revealed a significant mesocistion between nitrogen
and phosphorus (.U488) fn alfalfa from non-bloating farms. There were signifi-
cent associations between sulpbur and nitregzn (.366) and between sulphur and
protein (.70T) in alfalfa from bloating farms.

Theege data do not provide information on which to base correctivefertilizer
practices where bloat is a problem. In order to clarify the interactions
between the elements suggested by differences in association between minerals
observed in this study, further study is warranted.
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PHYSI0-PATHOLOGY PANEL

Effecta on Blood Flow to the F=*iculorumen of AMusorption, Motility Chaenges
and Other Factors - A. F. Gellcrs, Rew YOrk Gii..e Veterinary Gollege,
Cornell Uhiversity, Ithaca

The right ruminal ertery is a major supply for the posterior and ventral
rarts of the rumen. Chronic implantation of blood flow probee in 1k adult
dairy cattle, fnr periods of 3 weeks to 3 months, alloved use of unanes=
thetized animals for study of relative changes in flow of blecod during
imposition of changes in contents and motility of the reticulorumen.
Estimates of absolute flow were made after applying a correction for
sensitivity change with impedance change, and utilizing 3 independent
zero-setting procedures. Calibration of the flow probes was in situ at
autopsy and in vivo in some animals.

Transport of Sodium and Chloride by the Isolated Rumen Epithelium -
C. E. Stevens, New York State Veterinary College, Cornell University, Ithaca

A study wes made of Na and C1l transport across the isclated rumen epithelium
of the cow and gost. The transepithelial potential and the current necessary
to completely short-circuit this potential were measured. From these tissue
resiptanca was determined. Farly experiments showed that the procedure

for collecting tissue greatly affected resigtance and had much lese effect
on the magnitude of the current. Net Na and Cl transport wers measured

in the absence of electrochemical gradients and the rumen epithelium of

both species demonatrated an active transport of both ions in the direction
of lumen to blood. Short-circuit current and net ion flux decressed with
time, but the decrease was sufficiently slow and linear to allow = com-
parison of generated tissue current and transport of the two ions studied.

Electrolyte Absorption from the Swall Inteetine of Sheep and Calves -
W. E. Roe, New York State Veterinary College, Cornell University, Ithaca

The net fluxes of sodium, potessium chloride, and total COp were etudied
in the amall intestine of sheep and calves. Chronic isolated intestinal
segments (Thiry-Vella fistulae) were used as the experimentel preparation.
A balanced electrolyte solution, including methyl cellulose a8 & volume
marker, was ingerted into the fistulae for a standerd interval of time.
Net fluxes then were deternﬁne& by difference. One-way fluxes of sodium
also were determined using Ne2* in the experimental influsion solution.

A veriation of the electrolyte absorption pattern along the small inteatine
was found. Administration of desoxycorticosterone at levels significantly
altering sslivary electrolyte constituents hed no demonstrable effect upon
intestine) absorption.

Detection of Reticulo~Ruminal Contraction in Sheep by Skin Surface and
Implanted Vieceral Electrodes -~ Arthur R. Graham, Ontario Veterinary
College, Guelph, Omtario

Patterns of electrical potential change associated with reticulo-ruminal
contraction were surveyed using a grid of alectrodss applied to the surface
af the skin on the left side and belly. Visceral electrodes were aseptically
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implanted in the walls of the reticulum, rumen and abomesum in one enimal
and the electrode leade exteriorized; some of these electrodes were
functional for more than two monthe. Simultaneous records from ekin
surface and visceral electrodes showed there is & good correspondence

in the wave form of a&ctivity recorded from visceral electrodes and from
the electrodes on the skin overlying the reticulum and rumen; mejor
deflections cen often be correlated with intraruminal pressure changes
recorded from e rumen fiatulsa.

Significant deflections {75-500 uv.) in the electrical records correspond
to major contractione of the reticulum and rumen., During rumination,
reticular skin records show a sequence of three deflections; the bolus
reacheg the mouth in the interval between the first and second deflection,
Immediately following the third reticular deflection one or two major
deflections occur in the ruminal electrical records. The "first” reticular
electrical deflection 1s not evident in the non-ruminating animal. There
is & significant increase in intraruminal pressure during the first major
ruminal electrial deflection; smaller increases may coincide with secondary
deflections in the ruminsl electrical records.

Preliminary investigations suggest similar results can be obtained in the
cow and goat.

Some of the Enzymatic Aspecte of Bloat = Dawson Deese and Roy-E. Nichols

Wisconsin Agricultvral Bxperlment Station, Madison

The possibility that the chief cause of legume bloat lies in a phese or
rhases of the enzymatic ruminal digestion of the legumes when they are
consumed in the fresh growing state is considered. Evidence is presented
in favor of this approach. Tha enzymic system receiving majler emphasis
is the pectin methyl esterase system. Additionally, &n effective control
of the bleoating process by the use of an enzyme inhibitor is discussed.

A Quantitative Study of Rumen Microorganigms Aerosolized and Transported
to the Respiratory System During Eructation « C. H. Mullenex, M. J. &llison,
and J., R. Songer, National Animal Disease Laborstory, ames, Iowa

Tt bas been shown that esructated gases penetrate deeply into the respiratory
gystem. This study was undertaken to quantitate microorganism transfer by
this means from the reticulorumen tn the respiratory systems of cattle and
sheep.

Eructated gas was collected from the fistulated trachea by mesns of & cuffed
endotracheal catheter to which were attached various collection devices
(bags,inringers or filters). A variety of traps and/or pre-impingers was
used to preclude contamination of samples with secretions from the traches.

Aerosolized orgenisms were ccllected in anaercbic dilution fluid. To
waintain their viability, it was necessary to keep dissolved oxygen at

e minimum by bubbling COp through the fluid during collection. Under these
conditions, coleny counts in an anserobic rumen fluid medium indicated a
concentration of 450 to SO0 viable organisms per litesr of eructated gas5 .
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Escherichica coli B T-3 bacteriophage, injected through the rumen wall,
were recovered from eructated ges within 30 minutes and persisted in the
rumen &t high levels for 24 hours. Rumen juice samples were negative for
phage 48 hours postinjection. N~ viable phage were recovered from fecal
samples collected at intervals up to T2 hours after rumen inceculation.

Attempts will be made to determine the depth of penetration of micro-

organisms into the lumgs by culturing homogenized suspensions of lung
tissua.

Intestinal Obstruction in Cattle - H, E, Pziuk, P. B, Hammond and E. A, Usenik -

Veterinary Medicine, University of Minnesota, St. Paul

Ligaticn of the duodenum of calves resulted in hypochloremia, hypokalemia,
alkalosis, dehydration, weakness, anorexis, and prostration. FPlasma eltera-
tions and symptome wers not as gevere following colonic ligation. Deter-
winations of water and electrolyte concentrations in the rumiroreticulum
and sborasum and of the NAAP and SCN spaces in fistulated calves with
duodenal obstruction indicated that plasma alterations resulted from an
accumulaiion of water and chloride iong in the stomach compartments. Idmited
studies of the posaible causes for the hypokalemia resulting from duodenal
ligation were done by estimation of total exchangesble body potassium end
renal excration of potessium. Although renal potassium logs occurred

Quring ovctruction, the hypokalemia could not be satiefactorily explained

on this bosis.

Effect of Tuminal Insufflation on the Cerebrel Circulation of the Goat -
Lioyd E. Davis, Veterinary Medicine, University of Miesouri, Coluxhis

The effects of nitrogen insufflation of the cannulated rumen were studled

in ten goats., The psrameters which were measured included cerebral blood
flow, cerebral vascular resistance, cerebral oxygen utilization, mean
carotid pressure, tereular pressure, cerebrospinal fluld pressure, blocd-gas
conteuts, packed cell volume and hemeglobin concentration. Tnereaged

rumsn pressure had little effect on cerebral blood flow and cerebral vascular
resistance. The cerebral oxygen consumption was markedly reduced as a result
of increased Intraruminal pressure. This decrease wee cauged by & marked
reduction in the arterial oxygen content and & consequent decreasse in the
cerebral arteriovencus oxygen difference. The mean arteriel, torcular and
cerebrnspinal fluid pressures were greatly elevated as a result of the
inereased intraruminal pressure.

It was concluded on the basls of the experimental evidence that the mental
changes which are cbserved in ruminant animele suffering from acute ruminel
tympany may be attributed to cerebral hypoxia. The general neture of the
hypertensive changes which are sssociated with increased introruminel
pressure were demonstrated but due to multiple factors influvencing the
various fluid compartments, po gemeral conclusions could he mede as regards
the mechanism of these pressor responses. On the basie of pilot studies

in a limited mumber of subjects, it was suggested that mechanica) factors
played & major role in the pre#sure responges.
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Normal Values of Rumen Motility - P, A. Klavano, Washington State
University,

Three hundred and twenty-six experiments on 21 animals totaling T66 hours
were analyzed. The mean rate during rumination wes 8.63 T 1.35/5 min.,
during non-ruminstion it was 7.79 I 1.55/5 min. There wes a significant
difference between animals and between experiments for an individuel
animal. Length of time in harness or time of day were not eignificant.
Rate during rumination incressed elightly with age but not the non~
runinating rate.

The Physlology of Eructation in Ruminants. Recent Work orn the Physiological
Disposition of Eructsted Geges - R. W. Dougherty, C. H. M) lenex and
M. J. Allison, Nationsl Animal Disease Laboratory, Ames, lows

Small quantities of Cy40, were insufflated into the rmummens of shaep with
runsn and tracheal fistules and carotid artery cannulas.

High counts appeared in the continuously sampled arterisl blood & few geconds
after eructation. High counts mlso appeared very quickly in continuously
sanpled parctid saliva.

In goats, high counts appesred in the milk in 3 minutes and in the lactose
of milk in 20 minutes.

The same procedures were epulied to Intrarminal insufflations of Cy)H).
Relativziy high ecounts appsared in blood after eruvetation and in some
counte aroeered in the milk.

Blocking the entrance of labeled eructated gas into the lungs permitted
only small counts to sppear in the blood.

Effect of Feeding High Saponin Alfalfs Hay to Four Month 0ld Holstein-
Friesian ¥:21ls -~ Weyne Binr: end Marion W. Pedersen, Animel Disease and
Parasite Fesearch Division and Crops Research Division, Agriculiursl
Research Service, U. 8. Departwent of Agriculture, Logan, tah

DuPuits variety of elfelfe hay containing 2.62% saponin and Lshontan variety
with 1.72% saponin were each fed to A separate group of four Holsteine
Friesian bull calves for six months. The bay wes chopped and fed free
choice to each group with uvo other supplements added to the retion.

The amount of hay eaten by each group wes recorded daeily and every fourteen
days the bromsulfalein liver test was run on each animal and blood seamples
were obtained for the determination of bdlood glucose, red blood cell volume,
blood cholestercl, and hlood protein fractions.

The average value in each group for red blood cell volume, blood cholesterol,
blood glucose, bleod protein functions and bromsulfalein liver function tests
remained within the normal range throughout the feeding trisi. Ko abneormal
clinical signs of excesg selivation, regurgitation, anorexis, bloating,
diarrhea,” or indigestion was observed. The eppetite of all animals remained
good and they made normel increases in body welght and growth.
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ANIMAL, MANAGEMENT PANEL

Sugar Cane Bagassse - Blackstrap Molasses Rations for Beef Cattle =
Paul B. Brown, Louisisna State Univerasity and Agricultural and
Mechanical College, Baton Rouge

Seven feeding trials were conducted in which dehydrated sugar cane bagssse
and blackstrap molesees rations were fed to beef cattle. Four roughages -
sugar cane bagasse, grase hay, rice straw and cottonseed hulls - were
compared in rations fed to 650 1b. beef steers in & 154-day feeding trial.
The roughagee compriced 62.5%; and the molasses, 20% of the rations. The
deily gaina, in 1bs., were .88, 1.51, 1.88, and 1.49, in the cxrder listed
above. In the second trisl, the same roughages composed 27.5%; and the
molasces, 40% of the rations. They were fed to 1000 lb. beef cowe at the
rate of 8 lbs/cow/day on winter range, an amount calculated to supply L0%
of the daily feed requirement with the range furnisking the remaining 609,
The cows completed the test in excellent condition. In the remaining five
trials, only bagasse - molagses combinations werz fed in drylot to

2G0-600 1b. steaws for 112 to 140 days. The combinations ranged from

L5% bagasez - 25% molesses to 204 bagasse - 50% molasses, for & total of
T0% of the ration. The remaining feed ingredients, 30%, supplied additional
protein, snergy, vitamins, and minerals. In the last two trials, a 20%
bagasse - 50% molassea ration combination, supplemented with diethylstil-
bestrol (IZS), and chlortetrecycline (Aureomyein), was fed in each trial.
The trentiants were: I ~ basal ration; II - basal plus 10 mg. DB3/steer/day;
III - bar-Ll plus 75 mg. Aureomycin/steer/day; and IV - basal plus 10 mg. DES
Plus T5 mz. Aureomycin/steer/day. The daily gains, lbe., for tk= two trials
were: 1.71, 1.7h; 1.98, 1.51; 1.60, 1.28; and 1.95, 1.63, for the respective
treatwents. The differences in dally gains between treatments within each
of the triale were not statistically significant.

RUMEN PHYSIOLOGY PANEL

Meesuring the Flow of Digesta from the Abomasien of Sheep - G. D. Phillipe
and G, W, Dyck, Universiiy of Manitoba, Winnipeg

A method hes been developed for measuring the flow of digeste from the
asbomagum of eheep, based on & market dilution technigue. A molution of
Folyethylene glycol K000 wes continuously infused at & constant rate into

the abomasum vis a permenent fistula, and the dilution of this merker waa
determined in samples of digesta taken at intervals from a duodensl cannula.,
In 16 digestibility trisls using 4 sheep on 4 rations, abomasal flow messure-
ments were mede by infusing FEG for 6 days and taking sampies of duodenal
digesta at hourly intervals during the lest 5 daye. Fecsl collections were
wade at the sams time. In the rations, starch was substituted for straw to
give two levels of readily fermentable cerbohydrate, and ures was added to
give two levele of nitrogen, in a factorlal arrangement. The sheep were

fed once daily. There was diurnel variation in the volume of shomasal
outflow, with the higheet flow rates occurring at, or just prior to,
feeding, and the lowsst rates appearing about 9-12 howre after feeding.
Anslyele for PEG of hourly fecml collecticns on the fourth day of each trial
&lso showed diurnal variations ir PEG concentration in fecee, thue indirectly
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confirming the asbomasal outflow results. Purthermore, there was diurnal
varistion in the weight of feces produced, the highest output occurring
concurrently with highest abomasal flow rates.

The average of the cosfficients of variance of the mean flow rates was 4.8%.
Covarisnce analysis of the meen hourly flow for esch animal on sach ration
showed that volume of shomasal outflow was affected by both the composition
of the rations apd the quantity consumed, After adjusting for queniity of
food consumed, the highest average flow was obtained with the high straw -
low urea ration, followed in descending order by high strew - high urea,
high sterch - low ursa, high starch - high urea rationa.

Further statistical mnalysis of the data indicated that a modifled schedule
for sampling ducdenal contents would result in reasonably rellable estimates
of average flow. Samples would be collected 4 times a day, cne sample being
taken at an hour selected st random within each of four 6-bour segments of the
day, for a total of 1G days. Thus, the total number of pamples taken would be
radaced to one-third, while the sempling period would be increased to & more
desirable length, compered with tke present experiment. In such an experiment,
estimation of abomasal outflow could be determined with minimm disturbance to
the enimals.

Effects of Feeding Vermiculite on Ion Concentrations in the Rumen -
R. S. Emery end D. H. Steyert, Michigan Stete University, Rast Lensing

Preliminr~y studies were conducted to determine the effect of feedlng 0.5 1lb.
gpecial vorxite #4 (Zonalite feed grade vermiculite specislly asphalt comted)

on feed~ilt type bloat, Twin Hols*ein cows with rumen fistulas were fed 16 1b.
of grein {coyn, soybesn oll meal snd minerals) and 4 1b. hay ones per day

until frot-r blosting was initlsted, Blosting was cobserved 4 to 5 days per week
over the roxt 3 weeke snd rated by the scsle of Bartley and Yadeva (J. Animel
Sci., 20:648, 1961). Verxzite (0.5 1lb./day) wes then added to the ration for

one twin and cbservations wure continued for an sdditionsl 3 weeks,

Table 1. In:iience of Bloat

Cow Ti9 (Verxite) T20 (Control)

Bloat severity Q 1l 2 3 0 1 2 3
(Wo. of obeervations) (No. of observations)

Control period 2 3 T 1 0 5 4 b

Test pericd 0 8 5 2 4 0 11 %

The verxite appeared to float on the swrface of the rumen contents for not
more than 5 hours. Bleoat control was negligible., Similar cbservations were
made with three other cows fed regular verxite # and results were comparable.
Acid insoluble ash waes measured 1n the rumen of ohe cow and increased from

2% vefore verxite feeding to b after feeding verxite for 10 days. The
verxite did not produce s measurable change in the ruminal totel ash or dry
matter.
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The primary study consisted of three 2-week periods with 0.5 lb. of verxite

#3 being fed in alternate perinds. One pair of Holstein cows with rumen
fistules was fed a ration of 15 lb, alfelfa-brome hay plus 10 1lb., grain

and a eecond pair was fed a ration of 2 1b. hay plus 18 1b. grain. One

member of each pair sterted the trial with the verxite treatment vhile the
other member started with the control treatment. The cows were fed between

T a.m, and 8 a.m. Rumen contents were mixed in situ end sampled at 10:30 a.m.,
12:30 p.m. and 6:30 p.m. on the last dey of each pericd, Semples were
centrifuged at 2000 RPM for 10 minutea and the supernatant adjusted to pH 2,

The verxite feeding apparently depresaed ruminal pH and ammonis concentra-
tions. Sodium ion activity {as measured by sodium sensitive electrode) wes
depressed at 12:30 and 6:30 by feeding verxite but this trend was reversed
et 10:30 (P = 0.12). Camlcium ifon concentration may bave been somewhat
depressed with the higher hay ration plus verxite but the trend was reversed
with the restricted roughage ration.

Tatle 2, Concentrations of several constituen*s in the rumen (mean of 18 values)

YVerxite Control P
pH 6.23 6.35 0.15
Amponia-N (mg/100 ml) 20,0 23.8 0.30
Sodium (mz/100 ml) 107.0 109.0 0.50
Celcium (mg/100 ml) - 12.6 12.9 0.50
Tactic acid {mg/100 ml) 1.0 1.0 0.50
Totsl volatile fatty actds (wM/ml)  128.0 122.0 0.40
Acetic acld (Molar §) 64,0 65.0 ————

Chemical Control of Appetite - D, R, Jacobeon, University of Kentucky,
Lexipgton

The correlations with voluntary intake obteined from 19 lactating Holstein
cows fed good quality alfalfa hay ad libitum for 5 weeks were (.11, for milk
production; 0,17, for body weight; and 0.15, for barrel circumference,
Multiple correlation of milk production and body weight with dry matter
intake was 0.56.

Four sets of identical twins used in 20 trials of intravenous infusion of
saline to the control and metabolite to the treetment two 8 hours for 3 days
provided data which show that acetate and propionate adrministered at levels
corresponding to normal rumen production cause B cessation of prehensive
sctivity and voluntary intake.
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It has subsequently been shown that the rumen C,, €, and C) volatile fatty
acids increase in concentration in the rumen, end £hat the Cs and Cq acids
as & percent of (U, to 05 acids increase, following the consumption of hay.
Blood scetate at 0,88 mholes/liter before eating increased significantly to
1.32 mmoles/liter after eating, and then dropped to 1.13 mmoles/liter three
hours leter.

Diluting the ration with inert polyethylene cubes did not significantly
influence voluntary intake of nutrient~-containing dry maetter, nor did the
addition of cubeg in & nylon meeh container or water in & rubber bag tied
to the fistula plug reduce voluntery inteke of dry matter. However, removel
of rumen contents after eating did cause e significant increase in feed
inteke, -

All these observations point strongly to & mechanism of control of feed
intake involving & chemoreceptor response to threshold levela of bloed
metabolites which iz medinted by the central nervous system.

A Technique for Studying the Rate of Cellulose Digestion in the Rumen Using
C+* Labeled Alfalfa - C. L. Alexander, B. E. Bartley, L., R, Fine, C. L. Keith,
J. L, Morrill, R, N, Meyer and E. L. Sorensen, Kensas State Univeraity,
Manhattan

It has been difficult to determine when cellulose is digested in the rumen
because cellulose from previocus feedings mey be present ia the rumen at any
given tine. A good estimate of the rate of cellulose digestion might be
obtained vy feeding a common, roughage such a8 slfalfe hay in which only the
cellulope is labeled with Cl%, Since selective labeling of the compone&ts
of a rouglinge is presently not ponssible, studies were initiated with ol
labeled ei-r1.fa hay to determine how the uneltered plant is degraded in the
rumen, Tk criterion used to determine the rate of degradation wes the
detection of CL% activity in the rumen VFA. It was recognized thst there
would be lebeled VFA resulting from the degredation of the noncellulose
portion of the labeled hey., 7Therefore, activity in the VFA would indicate
the rate o breakdewn of &lfn'ifa hay but not necessarily of cellulose.
However, if cellulcse breakdown proceeds at & rate slower than that of the
more availsble nutrients, it should be possible to obtain an estimate of
the rate of cellulose degradstion in the rmmen.

In preliminary trialsg, lebeled hay was placed in the rumens of fiptulated
cows fed unlebeled alfalfa hay initially and at 12-hour intervals. An initial
major pesk in specific activity of VFA occurred between 1 and 12 hours and a
sacond smaller peak &t about 37 hours, It was assumed that the first peak
vas from poluble carbohydrates and the aecond from insclubles such as
cellulose. To test this, lebeled hay was partitioned into & hot water-scluble
extract and an insoluble residue. Specific activity peaked 1 hour after
feeding the water-soluble extract and between 1 and & hours after feeding

the insoluble residue. The decline in specific activity before the next
feeding may have resulied from diluntion by VEA produced from feed resldues
from previous feedings. To test this, 4 rumen wes emptied and refilled with
labeled hay, a normal feeding of unlabeled hay, end strained rumen fluid.

The animal was fasted for 48 hours. Specific activity peaked between 3 and
12 hours, then declined for L8 hours. Drop in specific activity mey have
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been due to labeled hay being degraded at a different rate from unlabeled
bay. However, labeled hsy and unlabeled hay fermented in vitro at similer
rates., Work is in progress to determine why specific activity declinesa.
Since specific activity apparently wasa not a sultable measure for studying
the rate of cellulose breakdown, a measure of total activity was obtained
by using polyethylene giycol as a mesns of estimating the total weight of
rumen conteat, Total activity curveas of VFA end specific activity were
gimilax, After 48 howrs the animal was fed unlabeled hay and gpecific
activity dropped precipitously. The total activity curve was unchanged,

It wee concluded that totsl activity was a more relisble measure than specifie
activity for indicating the rate of digestion of alfslfa hay. However, measure-
ment of total activity did not sppear to be suitable for determining when
celluviose is specifically degraded in the rumen. Consequently, a method was
developed which determined the totsl emount of activity in cellulose present

In  the rumen at regular intervels.,

By using FEG to estimate the weight of rumen contents and by extracting
cellulose from the rumen at regular inmtervals, it wasg possible to determine
the CLl* a-iivity of cellulose present in the rumen following e single feeding
of labelad hay. The degradation of cellulose commenced shortly after the
feeding of the laebeled hay, and then proceeded at & rapid ratve for the first
24 hours. At 36 hours, the digestion of cellulose ceased,

Becauge the anima) was fed only one feeding of hay, the rate of celluloces
digesti~n indicated sbove would pot be normal since the miercorganisms did
not bave ~wvallable celiuloee from previous or subsequent feedirnes. It would
appear that thie technique might be used in determining the rate of celiulose
breakdown in the rumen when an animsl is fed pormally provided an accurate
estimete of the weight of rumen contents can be obtained at each sampling
period.

A Protein Foaming Agenmt In Alfalfa end Its Significance in Pasture Bloaeti-
Jo M. McArthur, J, B, Miitimore and M. J. Pratt, Cenada Department of
Agriculture Research Station, Summerland, British Columbia

When cattle bloated on alfalfa the in vive rumen pH was 5.4 to 5.8. This
co’ncides with the optimum pH for viscosity of foamg stabilized by slfalfa
mrotein., Observationa on the development of bloat in fistulated cattle led
to the conclusion that the significant properties of the foems are their
stabllity and yield stress, l.e. force required to make the foam flow.

The foam stabilizing protein was obtained from alfslfa leaves by disintegrating
in pH T phosphate btuffer, preciplitating with sodium sulfate, and chromato=
graphing & gsolution of the precipitate in phosphate buffer on ager gel. Examin-
ation of the proteln by ultracentrifuge and electrophoresie indicated thet

it was monodieperse. The molecular welght celculeted from the sedimentation
and diffusion coefficients was 515,000, This indicates that it is Frection
rrotein. Examinsation of crude alfalfe extract confirmed that it was Fraction IT.
Electron microscope ané streaming birefringence examination of the protein
indficated that the molecule was &lmost spbherical. The protein is precipitated
from solution by focaming, indicating that it is surface denatured, The alfslfa
sedimentation pattern eppeared to be the same as that of ladino clovaer. How-
ever, a comparison of grass end alfalfae indicated that the gress Frection T

wvag g little larger.
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The above indicates that the protein adsorbs at the surface where it denatures
and stabilizes the bubble filme. The rate of dematuration depends upon the
pH of the solution., The amount of denatured protein on the surface is
determired by the rate of depaturation and rate of coagulation. The rste

of coagulation is &ffected by mechanical agitetion of the films. Thus,
fosming and mechanical agitation destroy the foaming properties of the
solution,

Rideal states that the stability of a foeam 18 a function of the drainsage
rate; the extension of the films due to shock, the compresslonal surface
moduius, the flow rate of the surface monolayer,and the sdsorption rate.
These in turn are affected by & nmunber of factors such as: Bulk and
surface viscosities, aolute concentration, suspended sollids, pH, rates of
formation and removal, optimum concentrations, etc. Bacause these factors
all have an effect on foam formation, it would appear unlikely that a high
correlation would be found between any one factor and bloat.

Metabolism of Tryptophan by %ormal and Bloater Cattle - I. A. Dyer,
R. J. Johnson, Constence Richauide, Judith Templeton and John Clark,
Washington State University, Pullmsn

Metabolic pathweys of aminc acide in the ruminant have not been elucidated.
Because of the metabolic complexity of this intact organism, eccepted
pathways for siopler epeciss have been essumed to be appliecable also for
the rumirant. The normal bovine has been reported to secrete higher
levele o epinechrine, measured both as epinevhrine and ss JF-methoxy-
h—hydrcx » sendelic aeid, then th: Lovipe subject to tympanites (Dyer et al.,
1962). .1 nrevious teste, the tyrosnitic bovine was unable to secrete 88
much epipsvirina, even under stres:, ag the normal bovine. The normal and
tympanitic ::mrina appsar to differ in certain metabolic procesees, thus
simuitasceus determinations of the different measurements were made on

the normal and tympanitic bovine.

In a gerise of experiments, metabolites of tryptophen were measured in
urine from two normal (28 scziles) and two tympanitic (47 samples) bovine.
Metabolites of tryptophan included wurinery S-hvdroxy indolescetic acid
fl.md.erfriend and Weisbach, 1555), 3-methoxy-h-hydroxy mandelic acid
Sunderman et al., 19602 and tryptophan (Greenstein and Winitz, 1961).

In addition, 13 tryptopban was administered intramusculerly

end the urinery excrator:r pattern of ¢l 1h meagured.

Excretion of certain tryptophan metabolites, free tryptophan mre presented
in Teble 1.
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Table 1. UWrinary 5-hydroxy indoleacetic acid, 3-methoxy-L~hydroxy mandelic
acid and tryptophan excretion of normal and tympenitic bovine.

m —
Comparisons Rormal Tympanitic
Indoleacetic amecid, 0.52 1.06
mg/ml .
Mandelic acid: 2,63 1.58
creatinine ratie,
meg/mg.
Indoleacetic acid: 0.52 0.73
creatinine ratio,
mg/mg.
Tryptophan, mg/ml. 0.27 0.33

The above data corroborates an esrlier report by Dyer et al. {1962) that
mendelic acid excretion is reduced in the tympapitic bovine. This differ-
ence in tryptophan metabolism might implicate an impairment in the
tryptophan pyrrolage system in the tympapitic bovipe. Oral administration
of 50 gum. DL~-tryptophan () gn/8 Xz. body weight) resulted in an incresse in
SHIAA from 0.52 to 1,96 mg/ml. in the normel end 1.06 to 2.7l mg/ml. in the
tympanitic bovine, This supports the contention that t o Em'o%e

ie impaired in the tympanitic bovine since administration o ge quantitles
of tryptophan bas been reported (Sekemi and Harringtom, 1963} to increase
hepatic tryptophan pyrrolsae seversl fold in the rat, This should result

in a concomitent reduction in 5HIAA. Ir this test, oral tryptophan resulted
in a higher S5HTAA in the normal bovine (increased by & factor of &) than in
the tympanitic bovine {(incressed by a factor of 2.5) showlng & relative shift
from the S5HIAA pathway in metebolism of tryptopban in the tympanitic bovine.

The tympanitic bovims further showed an increased excretion of tryptophan
per se.

Data collected from this series of experiments suggest: (L) One of the mein
pathweys in metabolism of tryptopbsn 1s through SHIAA; (2) the normal and
tympanitic bovine do not quentitetively metabolize tryptophan comparably.
More tryptophen is excreted ag SHIAA by the tympanitic bovine, which suggests
a less well developed tryptophen pyrrolasse system; and {3) the concentration
of free tryptophan in the urine 1s greater ir the tympanitic than in the
normel bovina.
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Bvaluation of the Effectiveness of Amtibiotic Containing Boluses in
Controlling Clover Bloat - Lon E, Foote, R. D. Thompeon, A. J. Guidry,
C. P. Breidenstein, W, H. Willis and S. L. Hansard, Loulsiana Biate
University, Baton Rouge

In the spring of 1962, & study of bloat control of cattle grazed on Ladino
¢ lover was made, FPFifteen head of cattle were administered entibiotic
containing boluses {E1ll Lilly &nd Co.). An additional fifteen head of
cattle served as controilr.

Clover pastures grazed consisted of a 22-acre field divided inte six spproxi-
mately equal plote each planted with Ladino elover. Two acre-inches of
water were applied to each of the six plots once weekly except when ample
reinfall was recelived.

Prior to the start of the bloet preconditioning phase of the study, the
cattle grazed Landino eclover for 15 days. The preconditioning period
extended from April 11 to May 1, and the cattle grazed 2 hours esch
morning and 2 hours sach afternoon throughout the study. Between grazing
periodn, the cattle were hald in a lot with shade trees without feed but
wvith fresh water. The caitle were weighed once every 2 weeks beginning
on April 2&,

The percentage of incidence of bloat was computed for sach animal during
the preconditioning phese, and the severity of bloast for each anima] after
each gracing period wag evaluated end reted 0, 1, 2, 3, or k, Five animals
were los% during the preconditioning phase; therefore, 25 of the 30 cattle
bad 40 ogcportunities to bloat, 2 Led 18, 1 had 4, and 2 had no opportunity
to bloat. Cf the 30 cattle, 13 were yearling steers, 9 were 2-year-old
steers, 1 vns a Brown Swiss cow, 3 were Jersey cowz, and 4 were Holstein
covs .

The 30 animale were pleced alternately in Group A (control) and Group B
(treated) on the basis of incidence of bloet. Each anims) in Group B wes
administered two STEP boluses vith a balling gun on May 1; nones of the
cattle in Group A wers given any medicinal trestment. The STEP boluses
contained (S) streptomycin sulfate, (T) tylosin phosphate, (E) erythro-
mycin thiocyanate, (P} procalne penecillin.

The two groups were combined and managed as one group during the study
terminated June 5 because of etoppage of clover growth. Three grazings
(one on May 1 and two on May 2) were not included in these data to allow
for the initial disintegration of boluses administered cattled in Group B.

During the experiment, three cattle in Group A died; therefore, cattle in
this group had 888 opportunities to blost, 8ince no cattle in Group B
were lost, this group mmd 1,020 cpportunities to bloat, The Incidence

of bloat for Group A wes 56.4% compared to 10.2% for Group B. The analysis
of variance and the "t" test on incidence of bloat indicated thet treat-
ment differences were highly significant (P---.0L). However, the treat-
ment caused no significant reduction in bloat severity. This probebly

wae because of lack of sufficient cbeervation due to early termination of
clower growth.
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An important aspect of thie study was that four boluses were found in the
bolding lot the morning of May 3. Either two, three, or four of the cattle
given boluses May 1 regurgitated the baluses after cne, two, or three
clover grazing periods.

Two animale in Group B were esach administered two additional boluses on
May 18, and five steers in this same group were each administered ome
bolus on May 29, because after grazing periods previous to thess dates
the designated cattle had shown an increasged tendency to bloat.

The cattle in Group A had an average dally gain of l.54 pounds, compered
to 2.26 pounds for the cattle in Group B administered STEP boluses. This
is a significant difference in body weight gain per animsl per day in favor
of the treated cattle.

Some Fhysiological Effects of Hypocalcemia, Induced by Hemodialysls, in
Ruminsnis - W, E, Stewart, H, F, Downey, J. C. fmith, Dairy Department,
Thiversity of Meryland, College Park; and R, G, Cragle, (hiversity of
Tennessee - A, E. C., Agricultural Reaearch Iaboratory, Osk Ridge, Tenneasee

The partwrient paresip syndrome of dairy cowe hes been closely reproduced
in conscious sbeep by depleting caleium from the plasma by hemodielysis to
terminal plasma calcium levels of 2.6 to 4.0 mg.%. The two primary symptoms
are central nervous system dapressionad skeletel muscle tetany. These two
responsec represent two apperently, completely separate abberrations in
calcium®s physiclogical function in the body.

Complete rumen atony gradually sets in as the plaspa caleium level drops,
but rumen motility gquickly retwrne, within 3 = 5 minntes after starting
calcium therapy, and definitely precedes the return to comsclousness. Howe
ever, even after the sheep iz egain etanding (about 90 minutes)} the motility
pettern is of normal smpiitude, but conteins atypical double major contracs
tions. Eructatlon contractions begin within 25 minutes. During rumen

atory the rumen cannula wes opened at intervals to release sccurmiiated gases.

Effect of & Combination of Antibiotice on Incidence of Alfalfs Bloat -
P. #. Shellenberger, N. L. Jaccbson, P. A. Eartman, and A, D. McGiliiard,
Iowa State Uhiversity, Ames

During the 1562 pasture sesson, 203 cattle and 445 sheep were used to study
the effecis of a bolus containing a combinetion of strapbomycin sulfate (B)
tylosin phospbate (T}, erythromycin thiocysnate (E) end proceine penicillin (F).
Each cattle bolus weighed 64 g. and contained 6 g of antibiotic in the ratio
of T6: TT: TE : 4 P. In cattle, the initial administration of one, two
or three boluses reduced bloat for 3 to 4 weeks. Administration of one or
two boluses & weeks after the first boluses usually reduced bloat for about
1 veek. Aversge weight gelns in T0O animals receiving boluses were greater
{(0.14 1b. per animel per day)} than in 44 controls.

Tn sheep, the 1nitis]l administration of one-half bolus reduced bloat for 3
to L weeks, whereea the same dosage 4 weeks after tha first bolus effected
no reduction, In one flock, wool loss from the dorsal surface of the body
wad noted in many of the treated sheep.
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gtudies with fistulated gteers, receiving btoluses by balling gun, demorstrated
that the majority of the boluses are depoited initially in the anterior blind
gac ¢f the rumen. BSubsequently, most of the boluses migrate to the reticulum.
The bolus has & half-life (weight basis) of sbout 2 months, but most of the
entibiotic activity disappears within 6 weeks.

In 1963, the effect of 250 mg. of the same combination of antibiotics in
gelatin capsule, administered to cazttle at 1-, 2-, or 3-day intervals was
evaluated. Blcat wes reduced 89% during the first U weeks; frequency of
administration had no apprecisble effect on efficacy during this k-week
period, Because of insufficient bloat after this period, subsequent ob-
servations were inconclusive.

Tt haee been demonstrated that certain transient undesirable side effects
occasionally occur when the antibiotics are fed to cattle on & high grain
diet. The syndrome appears to be more cormon in females then In males. In
studieg during the psst year, no adverse effects were seen when a high hay
diei was fed far at least & days prior fo the initiation of antibiotic
administration.

Qur data suggest that sdministration of antibiotice at dally intervals
affords protection againgt bloat for & longer period than that provided
by the bolue, Moreover, there is some indication thet administration at
2= or 3-day intervals may extend the effective period further.

MLCROBICLOGY PANEL

Accumulation of Ethanol in the Ruren Following Overfeeding with Readily
Available Carbohydrate - M, J. Aliison, R. W. Dougherty, J. A. Bucklin,
and B. B. Bayder, National Animel Disease Laboratory, Ames

A neutral volatile substance in rumipsal contents from sheep suffering from
acute overfesding indigestion bag been identifled as etihyl alcohel. Cunningham
and Brisson found elcchol in the rumen and blood of lambs fed purified diets
and Krogh noted sn alecchol~like odor in the rumen of sheep fed sucrcse but to
our knowledge this is the first identification and guantitation of ethancl

in ruminal contents of overfed sheep.

Ethanol wae detected and quantitated by gas-liguid chromatography and wes
ipvariably present in ruminsl contents of three sheep after dosage with
cracked wheat and wes alag present im the rumen of a heifer B hours sfter
it was fed 1 kg. of glucose. The concentration of ethanol in the rumen of
the sheep varied inversely with the pH of ruminal contents.

Small quantities of ruminsl ethanol (4 to 6 jmoles/ml.) were noted 2 houre
after feeding two shesp pelleted alfslfa but most of this had disappeered
at the time the next sample was taken, 5 hours after feeding. It ie sug-
gested that measurable quantities of ethanol may appear shortly after
feeding ruminante normal rations.
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When & relatively large dosage of cracked wheat (50 g./kg, body weight} was
placed in the rumen of these sheep, the pH of the rumingl mRterial dropped
to less then 5 and the concentration of ethancl exceeded 1k }moles/ml. In
tha one sheep thet died following overfeeding, the concentration of ethanol
in the rumen at the last sampling period before the animsl died was 33
Jmoles /ml .

Blood samples were taken through a cethater in the carotid artery at the same
time rumine]l semples were obtained. The level of ethancl in deproteinized
plasra did not exceed 0.7 jmoles/ml., suggesting that etbanol per se does

not contribute eilgnificantly to the pathology of this condition. It will

be of irterest to exsmine portal blocd from overfed sheep.

Further Studies with the VIVAR (An In Vivo Artificial Rumen Technique) -
L. R, 7ina end E. E. Bartley, Kanses State University, Manhattan, Kansas

A ten minute movie (silent) of the VIVAR technigue wae presented. The movie
illustrates the ease of using this technique szd also demonsirates several
adaptations,

The date obtained for in vive (VIVAR) experirents indicated & generation

time for Entodinium burse Stein, 1958 to be T-9 hours, Epidinium ecaudatum
(Fiorentint, 1889, syn. Diplodinium ecaudatum) forma caudatum, to be 5-0
hours, Polyplastron multivac:ruietum (Dogie) end Fedorowa, 1925) to be 12-13
bowrs ard Isotriche prestoma Stein, 1959 to be 18-20 howrs. In vitro compari-
sons indiceted the duplication time for B. ecaudatum was 20 hours and for

P. multivesiculatum was 35 hours. E. bursa end 1. prestoms could not be

growa in witro,

From yesults of preliminary experiments it can be reported that mixad popu-
lations of "bacterial-free” rumen protogzoa apparently digest only smsll
amounts of ¢ellulose. The major cellulose digestion in cattle appeers to
be & result of the action of hacteria. The protozoa were obtained from
fistulated cattle and were added to VIVAR's in concentrations approximetely
10 X that found in the rumen {as determined by visual count), One half of
the protozoal samples were washed in entibiotic containing buffers. The
antibiotic treated protozoel samplea were compered to & second series of
samnles washed in the same buffer, but minus the antibiotic. A third
contral set oﬁ VIVAR's contained only streined rumen fluid. To mll three
were edlzd C1* labeled cellulose extracted from alfalfe - CH¥ uniformily
labeled., Experimentsa were continued for about T2 hours.

Survival of Selected Exogenous Microorganiesms in the Rumen of Cattle -
J. C. Adaan, J. A, Gazaway, P. s. Bartmn, P. H. Shellenberger and
N. L. Jaccbson, Towa State University Ames

Serratis marcescens (2012) rapidly lost viability when introduced into the
rumenz of fistulated cattle. Counts were reduced by sbout 99% within nine
hours. Survival of the organism depended iz pert upon the size of the
inoculum introduced into the rumen: Viebility wes lost less rapidly when
large inoculs were used than when small inocula were used, Cells wvere
protected when they were placed in vivar jars (in vivo artificial rumens),
presumebly becsuse they were shieldsd from ingestion by protozos, were not
expoeed Iimmediately to high levels of antagonistic compounds, and were not
subjected to normal dilutica in the rumen,
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Chromobacterium violaceum lost viability more rapidiy than S. mercescens.
Counts of C. violaceum were reduced by about 99% within three hours. Effects
of variation in the size of the incculum and protection by the vivar Jers
were similar to those described for S, marcescens (2G12).

Vegetatlve cell preparations of Bacillus thuringiensis and B. stearcthermophilus
remaingd viable in slightly greater proportions than the two gram negative
bacterin, but their resistance in vivo was otherwise similar. Colonies of

the two spore formers were indistinguishable from "background" colonies that
Probably arose from exogenous microorganigm in the food of the animels.
Background, or comtrol, counts were higher just after the animals had eaten
than later in the day.

Serratia app. were frequently recovered from the rumens of fistulated animals
that had not received an inoculation of laboratory-grown cells for some time,
Serratia spp. were present in rumen fluid from nonfistulated and unincculated
animals about one third of the time rumen samples were examined. Either
these organisms are present continuously in the digestive tract {sometimes

in very low numbers), or there is & frequent and substantial inoculation of
cells into the rumen. Over 6&0% of the rumen Serratia isolates were not S.
marceacens (2G12) because the rumen strains were insensitive to 5. marcesCens
{2C12) phage. Levels of Serratia spp. in samples of soil, food, and water
vere very low, and their presence in these materisls could not sccount for
the levels found in the rumen. It is concluded, therefore, thet Serratia

is a frequent, albeit a minor, component of the rumen mlereflora.

Counts of 5. marceacens (2612) phege indicated that the number of infectiocus
units remained essentislly constant in the rumen over a seven hour period.
When cells susceptible to the phage were inoctulated simultansously into the
rumen, the phage apparsently attached to the cells and were lost when the
cells died. No burst (releesse of phege) wes observed during the experi-
mental period.

A Berratia spp., isclated from the rumen and a rumen Serratia phege were
studled in vivo. The rumen Serratie strain wes found to survive longer
than §. marcescens (2G12), indicating that the former strain is relatively
more resistant to the rumen environment. The phage resultia ware equivalent
to those of §. marcescens (2G12) phage.

In vitro studies of both Serratia species and phage show that the phage will
attach to the cells, but will not cause lysis at 39 C. The viable cell
counts of both species of the organism remaiped eseentislly constant over

& seven hour period, wbhen nutriemt broth cultures were grown in the presence
of phege at 39 C.

The results of this study lead to the following conclusions: 1) The general
belief +that mlieroorgenisms exogencus to the rumen will not survive for ex-
tended periods of time in the rumen has been confirmed. 2} The types of
exogenous organipms present in the "background" depends in part upon the
time samples are taken following feeding. It 18 conceivable, however, that
an organism may be astablished in the digestive tract and gsin entrance into
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the rumen, or appeer there in appreclable numbers, sporasdically. ©Such is

the case in Serratis spp. 3) Bacteriophoge do not account for the rapid
disappearance of the two species of Serratia from the rumen; however, certain
bacteriophage may be important in the dynamjies of rumen mdcrobisl populz-
tions. 4) Temperature in itself does not cause the reduction of viable
cells of ths two species of Serratia, but it has a profound effect on the
reproduction of the bacteriophage in these orzanists.
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