UNITED STATES DEPARTMENT OF AGRICULTURE
Agricultural Research Service
Animal Husbandry Research Division
Beltsville, Maryland

February 14, 1960
T0 ;: Participants in Conference on Rumen FuncuJion

FROM : N. R Eliis, Animal Husbandry Research Division,
Agricultural Research Center, Beltsviile, Mary:.aad

SUBJECT: Report of Fiith Conference on Rumen Function

Attached :s a copy of the abstracts and list of participants for the
conference held at the Maryland Hotel, Chicago, Illimois, on
December 2 - 3, 1959.

The Conference convened at 9:30 AM on December 2 and was concluded ac
approximately 1:00 PM on December 3.

As in previous conferences, the Chairmen of the severai panels organizea
the programs for their respective panels. They, along with the people
who presented the papers, are commended for the choice and excellence

of the material presented and the ordetly presentation and discussion
within the scheduled time. A tctal of 35 papers va: presented with
discussions of a few additional studies not listed on the program,

At the close of the meeting it was agreed to continue cthe plan of
holding these conferences. There was same discussion of possible
changes in time and place of meeting snd 1o coverage of subject matter.
It was agreed to have the same panel Chaimen continue or to have then
arrange for a successor. It appears advisable to talke up with the
Chairmen any changes for the next conference in 19¢1, a few months in
advance of the projected meeting.

Due to the extended absence of H. W. Marsten while cn a foreign travel
assignment, the immediate arrangements for the Conference and the
preparation of this report were handled through the Animal Husbandry
Research Division. Credit ig due te both H. W. Marston and Ivan Lindahl
who made the preliminary arrangements for the program but were unable to
attend the Conference.

Attachmentc
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CONFERENCE O RUMEN FURCTIOR

held at

Marvland Hotel, Chicage, Iliinois

_Dacember 2-3, 1959

The following persons were in attendance during the two-day meeting:
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Allen, R. S.
Azukas, June
Barnes, R. F.
Barrentine, B. F.
Beinhart, E. G.
Brown, L. R.
Brown, R. E,
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Donoho, Alvin
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Durbin, C. G.
Ellis, M. R.
Ely, Ray E.

Emery, R. S.

Erwin, E. 5.
Essig, H., W.
Foote, L. E.
Gaddum, J. H.
Garner, G. B.
Gessert, R. A,
Goetach, G. D.

Gutierrez, J.
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Chemistry Dept., Iowa S5State Univ., Ames
Michigan State Univ., East Lansing
AZS~USDA, Dept. of Agronomy, Purdue Universicy,
Lafayette, Indiana
Dept. of Chemistry, Mississippi 3tate Univ.,
State College
ARS-USDA, Botany Dept., Clemson College,
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Dept. of Entomology, lowa State Univ., Ames
Depc. of Dairy Science, Univ. of Illinois, Urbana
Animal Husb, Dept., Univ. of California, Davis
Dept. of Aniwal Industry, University of
Arkansas, Fayetteville
Dept. of Dairy Science, Ohic Agr. Exp. Station,
Wooster
Research Branch, Canada Dept. of Agriculture,
Pttawa
AHRD-USDA, Beltsville, Laryland
Dept. of Animal Science, Ohic Agr. Exp. Sta.,
Wocster
Dept. of Nutrition, Macdonald College,
Quebec, Canada
Univ. of Missouri, Columbia
Hew York State Veterinary Coliege, Cornell Univ.,
Ithaca, New York
FDA-HEW, Washington 25, D. C.
AHRD-USDA, Beltsville, Maryland
ARS-SESD~ USDA, Washington, D. C.
Dept. of Dairy Husb., Michigan State Urniv.,
East Lansing
Monsanto Chemical Co., S5t. Louis, Yissouri
Mississippi State Univ., State College
Dept. of Veterinary Science, Louisiana State
Uaiversity, Baton Rouge
Inst. of Animal Physiology, Babrahan,
Cambridge, England
Dept. Agr. Chem., Univ. of Kissouri, Columbia
The Upiohn Co., Kalamazoo, Michigan
Dept. of Veterinary Science, Purdue Univ.,
Lafayette, Indiana
AHRD-USDA, Beltsville, Maryland
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Hale, W. H.
Hardie, &. B.
Hartman, P. A.
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Hollowell, E. 4.

’
Huffman, C. F.

Hungate, K. E.
Jackson, H. D.
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Hichols, R. E.
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Fidgen, W. J.
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Sellers, A. F.
Stevens, C. E.
Stewsrt, d. E.
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whiting, F.
wilkins, H. L.

Williamson, J. L.
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Iowa State Univ., Ames
Te¢wa State Univ., Ames
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ADP-USDA, Beltsville, Maryland
Animal Husb. Dept., Univ. of Maryland, College Park
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Univ. of California, Davis '
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Dept. of Vet. Medicine, Univ. of Minn., 5t. Paul
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Towa State University, Ames
4HRD-USDA, Beltsville, Maryland
.Jestern Regional Research Lab., Albany, Cslifornia
Dept. of Bicchemistry, South Dakota State College,
College Station
Canada Dept. of Agriculture, Ottawa
CRD-USDA, Beltsville, Maryland
RFalston~Purina Co., 5i. Louis, Missouri
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For the purposces of daiscussion, the program was divided into panels,
The identification of the panels and the chairman of each was as follows:

{a) Agronomic - - E. d. Hollowell
(b) Physio-Pathciogy - - R. W. Doughercy
(¢} Microtbiology - W. D. Pounden

H., H. Cole
C. F. Huffan

(d) Animal Management
{e) Rumen Physiclogy

AGROBOMIC PANEL

Zffect of Time of Day and of Foliaxr Spraving on Alfalfa Composition and
Bloat - R. §. Allen, A. E, Freeman, Donald Warner and Walter Woods -
Iowa State University

In the study on the diurnal changes in composition four series of experi-
mental samples were taken {(May 1957; May 1955; August 1953; and Sep-
tember 1958) from prebloom alfalfa (Ranger variety} grown on Cole series,
clay loam soil at Ames, Iowa. Each series included samples taken at

6 Ao M., 10 A, M., 2 P. M., &€ . M., and 10 P. M. (C.5.T.) from each of
three adjacent sub-plots, employing a stratified, random sampling plan,
Each individual sample included six sets of 25 alfalfa tops (approxi-
mately four inches in length), each set being taken from a different area
within each sub-plot. Samples were frozen and stored in this state until
time of analysis.

Each sample was analyzed for dry matter, total nitrogen, nonprotein
nitrogen, amipo acid nitrogen, reducing sugars, calcium, phosphorus and
ash, 1In additiom, the May 1957 series was znalvyzed for organic acids
{total, citric, malonic, and malic); certain other acids were identified
on 4 qualitative scale.

The component + which changed most during the pariod of observation were
reducing sugars and dry matter. Dry matter content increased to maximum
at 3 P. M., then decliged sharply. There was 2 sharp increase in the
level of reducing sugar between € and 10 A, M., followed by a gradual
decline to 10 P. M. Ash, pbosphorus and total nitrogen declined gradually
to minima at either 2 or ¢ P. M., then increased. Values for calcium,
nenprotein nitrogen and amino nitrogen did not follow any specific

pattern of change.

All data were subjected to analysis of varlfance. All sources of variation
were considered random variates and appropriate error terms were used.
There were significant (P < J.01) differences between series in values

for all chemical constituents considered, The only component which

showed a significant (P € 0.0l) sub-plot within series difference was
total nitrogen.
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There were significanc {2 < 03,0!) diurnal changes in <vy mactter rotal
nitrogen, reducing sugars and phosphoris while ash values differed at the
5 percent level (P < 0.:5). Including the August 1558 series into the
combined analysis did not change any conclusions on siuimal variztions
Jdrawn from the analysis of all four series.

There were no signitficant diurnal variations in the levels of total,
malonic, malie or citric acids. Moreover, sub-plot differences were non-
signiffcant, Succinic, fumaric and glycolic acids were found in small
amounts in most samples. Traces of guinic, shikiwic and phosphoric acias
also were ovserved in some s5amples.

No uefinite relationship Leiween the occurrence of bleat in cattle or
sheep and the diurnal pattern in aifalfa composition has been demoustrated.

sprinkling solutions of urea, glucose, phosphorus as disodium phosphate or
potassium as potassium carbongte on chopped alfalfa just prior to feeding
to lambs did not increase the incidence of blpoat. In a second study the
addition of phosphorus or egg white alone or in combination with glucose
ta chopped alfalfa did not influence the bloat pattern. Glucose additions
siightly increased the incidence of bloat.

Foliar spraying of urea on alfalfa at the rate of 40 pounds per acre
increased blcat incidence and severity in lambs., 1In six grazing pericds
where lambs grazed alfalfa sprayed with ures, the average frequency of
bloat was increased by 7 percent and the severity by ¢ percent, Sprayiong
of glucose at the rate of 40, 50 or 30 pounds per acre increased the
frequency {14 percent) and severity (17 perceni) of bloat in lambs
grazing alfalfa. Spraying a mixture of glucose and uresa on eglizlfa
pasture increased the bloat frequence (20 percent} and severity (16 per-
cent). Spraying with potassiuua carbonate did not infiuence the bloat
pattern, but the applicacion of caleium {as caleium carbonate)increased
the bloat severity (l4 percent),

Chemical analyses were made on sprayed and control alZalfa (4 inch cops}.
Urea spraying increased total nitrogen and non-protein nitrogem as com~
pared to control plants, Spraying with 2luecose or caleium carbonate did
not appear to affect solutle nitrogen or non-protein nitrogen levels in
the alfalfa plants.

The Szponin Content of Legumes as Related to Bloat - 3, F, Barrentinz -
Mississippi State University

Selected steers, which were bloating well, grazed the legumes wmorming and
afternoon for periods of three to four days. All legumes were compared
to Ladino ¢lover, The ''bloat index™ for Ladino was set at 100 and the
“bleat index" for the other legumes calculated from the relative number
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of times the stecrs bloated on the legume under study as compared to
Ladino, Forage samples were taken, wmorning and afternoos, during the
period. All samples weére dried as quickly as possible using 2 modified
Alr Force Ground Heating Unit, Saponin was determined by the puridine-
alcohol method., The average saponin content, dry basis, and "bloat
index' for the legumes are shown below:

Legume Saponin percent Bloat iadex
Ladine Clover 1.84 100
Crimson Clover

Pre~bloom 1.79 75

Fuli-bloom 1.70 0-12
Hop Clover 1.23 49
Alfalfa

Imnature 2.35 a2

Mature 2.43 1)
Lespedeza 1.25 0

There seems to be little correlation betwwen the sagonin content, as
determined by the pyridine-alcohol method, and the bloating potential of
a forage.

Carbohydrate €ontent of White Clover and Alfalfa Forage and Ruwen Ingesta
from Bloating and Non-bloating Steers - H. L. Wilkins, Crops Research
Division, USDA

Forage and rumen samples were taken during the spring of 1953 and 1959
from the field and from bloating and non-bloating steers on Ladino white
clover and alfalfa pastures at State College, Mississippi. The usual
feeding stuffs analyses were wmade on the A. M. Jorage samples for both
years.

Analyses were made of total sugars, free reducing, and the hydrolyzabie
sugars by differences, starch and dextrin, "Hemicellulosze", and the
Tesidue (a procuct consisting largely of cellulose and protein), total

80 percent alcaohol soluble solids, total 80 percent aleohol insoluble
solids, and by difference the non-sugar 30 percent alechol szocluble s0lids.
Analyses of the above constituents are availatle for Ladino clover and
alfalfa for 1958 and for about half of the 1959 Ladino trials but less
than half of those for alfalfa,

For the most part, the data affords eight comparisons between bloater-
non-bloater steers, the forage samples and computaticnal results in 1958 and.
for 12 similar comparisons in 1959.



The combined dat& tor both seasons and both forages amounts to 34
bloater-non-bloater comparisons. The greatest differénces cbserved
were that the rumen ingesta from bloaters was (a) highesc in alcohol
soluble solids as g./100g., 23 times in the 34 trials; (b) lowest in
free reducing sugars, 15 times in 34; (c¢) lowest in total sugars,

13 times in 34; {(d) highest in non-sugar alcohol soluble sclids,

23 times in 34,

With respect to the other compeonents, the scores were fairly even in
both years, or were high in one and low in the other year,

Tt must be stated that a large part of the carbohydrate content of
these samples has not deen accounted for by the above analyses. More
complete assays are planned,

Organic Acid Patterns in the Rumen of Bloating and Non-bleating Steers-
J. F. Sykes and Y. G. Wiseman, {USDa}, C. A. Lindley and C. Shawver and
B. F. Barrentine {Mississippi) and H. L. Wilkins (US3A)

The present preliminary results were accumulated as a result of a joint
effert by the Animal Husbandry Research Division, AR5, the Wississippi
Agricultural Experiment Station and the Crops Research Branch of ARS

te determine possible plant-animal relations related to the incidence
of bloat in cattle pasturing on alfalfz or Ladino clover.

The variability in the response of animals grazing similar bleat-
producing pastures suggests that the incidence ol bloat in any population
may be related rather directly to some quitk in animal metabolism which
predisposes some animals to bleat. An exsmination of the orgamic acid
concentrations and patterns in bloat-susceptible and bloat-resistant
steers grazing Ladino clover or alfalfa was therefore undertaken.

Procedures

1958 Work - Two steers, which had been characterized as bloaters or
non-blogters, were grazed on both Ladino clover and alfalfa for a period
of a week. They were allowed to pasture for approxXimately two-hour
periods twice daily, PRumen samples were obtained by stomach tube
immediately after the morning pasture period and just prior to the
afternoon pasturing period on all four steers on two successive days.
The organic acids were determined chromatographically by the method
described by Wiseman (Agr. and Food Chemistry 5: 213, 1957).

1959 Work - The same procedure in general was followed as in 1958
with the exception that more extensive sampling over longer periods
of time was undertaken. GSamples were again obtained on four steers
{two bloaters and two non-bloaters) on two successive days in each of
three pasturing pericds covering am imterval of about three weeks.



‘Results

The 1958 results werce compared for concentrations of organic acids

found in rumen contents of blpat=susceptible and bloat-resistant steers.
An examination of these data indicates that a distinctly higher concen-
tration of the formic acid (0.22 vs 3.13) and laetic plus succinie acid
fractions (3.50 vs 0.27) exists in the bloating steers &s compared Lo
the non-bloaters. There is also 8 tendency for butyric acid to be
higher {l.8C vs 1.15). An irncrease in the ratios of butyric, fommic
and . lactic plus succinie aeid fractions to acetic acid is indicated
for the bleoating steers. These results suggested that a difiference
existed in the rumen wmetabolism of bleating versus non-bloating steers.

The results which have so fav been obtaiped in 1959, on the other hand,
give no indication that such a difference exists. Both the concentrations
of the acids and the ratios of the several acids to ecetic acid are re-
markably alike for bloating and non-bloating steers, Only about 25 per-
cent of the 1959 samples available to us have so far been analyzed.
Whether the remaining analyses will change the situvation is anyone's
guess, We have more confidence in the 1959 analyses, however, for the
formic and lactic plus succinic acid fractions than we have for the

1953 analyses,

Conclusions

Contradictery results on organic acid patterns of rumen contents of
bloating and non-bloating steers have so far been obtained in two suc-
cessive years. 1t is now extremely doubtful that animal differences in
susceptibility to bloat can be explained by differences in rumen acid
metabolism,

The Role of Organic Acids of Alfalfa in CO2? Production - R. E. Nichols -
University of Wisconsin, Madisom

Rapid production of COp gas by the addition of non-volatile organic
acids to samples of ruminal content has been demonstrated, Sodium salty
of the same acids and glucose in the same concentrations do not result
in a rapid release of C0;. The rapidity of release of CO2 is a physical
factor resulting in volumes of froth of samples vhich are greater than
normal.

The addition to the rtumen of quantities of cthese acids roughly similar
to amounts which we might expect to be consumed in a day's feed does not
induce an excessive Irothing unless preceded by a2 similar amount of
carbonate, and even then the volimes of froth produced either in the
fistulated or intact animal are not of the same magnitude as occasion-
ally occurs during the feeding of fresh legumes,
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The Effect of Temperature and Light Intensicy on tne Organic Acids of
White Clover - George Beinhart, Crops Research Division, ARS (UShA)

This paper surmarized growth responses and presented data for organic
acids in the leaves of plants in two growth chamier experiments. One
experiment studied growth with different day/night temperature regimes
(50, 62, 74, and B&9F in all combinations as day and aight temperatures)
for plants receiving 630 foot-candles i1llumipation. In the second exper-
iment, effects of light intensity (v00 to 2,000f-c) and night temperature
(50 to JE°F) were studied for plants receiving 8{° day temperatures.

Nine organic acids were found Lo be regularly present in clover extracts
analyzed by partition chromatography on silicic acid columns, Tentative
identifications have been made of eighi of these: acetic, pyruvic,
succinic, malonic, oxalic, cis~aconitic, malic and citxic. The sum of
the nine individually measured acids yielded an estimate of total organic
acids for each sample.

Total otganic acids declined as day temperature increased above 629F,
with the average total acidity at 869 being approximately 75 percent of
the averages for 50 and 62 days. A similar ctrend was apparent fotr night
temperatures, although the magnitude of the effect was not as great as
for day tempersture. Total acids increased with increasing light inten-
sity for plants at 86 days, while night temperature eifects were not wvery
pronounced. Malate seems to be particularly affected by changes in light
intensity, while malate, citrate, acetate, and pyruvate (identifications
tentative) varied with temperature. These data are being examined in an
effort to relate them to the growth pacterns for these two experiments,

PHYSIO-PATHOLOGY PANEL

Measurement and Experimental Alterations of Electrical Potentials Between
Rumen Ingesta and Blood in Unanesthetized Sheep - A. F. Sellers and

A. Dobson, University of Minnesota, and A. T. Phillipson, Rowett Research
Institute, Scotland

Sumoary

Measurenents of IC potentials as between rumen ingesta and blood, and

of Ha and K concentration gradients, obtaining in vnanesthetized chronic
rumen fistula preparations in 54 experiments involving three dietary
variations are summarized, Results of examination of sampling procecures
indicated those most valid in representing ingesta studies for the present
purpose. On rye grass pasture, fall in reticulo-rumen Na concentration,
with accompanying rises in rumen K concentration, and EMF, were seen and
were statistically significant. These effects were most marked with first
growth material. Correlations observed were such that the effects of the
two cation concentrations could not be separated. Concomitant with the
above, salivary changes showed the animals to be alternating between
sufficiency and deficiency as regards Na, under the conditions imposed.
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Effect of Alfalfa Pasture Bleoat on Certain Blood Components - L. R. Brown,
R. 3. Allen, R. H. Johnson and N, L. Jacobsen, Iowa state University, Ames

This study, conducted during the i958 and 1959 pasture seasons, was
undertaken to determine some of the possible chanses that may occur in
the composition of the vencus blood of cattle during bloat. From 35 to
40 cattle were permitted te graze good slfalfa pasture for two three-
hour periods daily. Blood samples were taken from the jugular vein as
soon as possible after bloat was rated 3 or more om the 0 to 5 bloat
scale proposed previously (J. Animal Sci., 17: 893. 1958). A sample
was also taken from a non-bloated animal as soon as possible after the
collection of a sample from a bloated animal. Approximately 200 samples
were collected with sn attempt being made to get an equal number from
bloated and non-bLloated animals. The blood was analyzed for red cell
volume (1959 only), ammonia nitrogen, non-protein nitrogen (1958 only),
total phosphorus, plasma inorganic phosphorus and plasma lipid phosphorus.

Although the differences in blood composition associated with bloat were
greater the first year, all phosphorus components measured were higher
in bloated animals both years. Summarizing all data, values for non-
bloated and bloated animals, respectively, (standaxd error of the mean
given in parenthesis) were: plasma inorganic phosphorus, 8.58 and
9.44 mg. percent, (0.13); Total phosphorus, 21.1 and 22.2 mg. percent,
{D.23}; plasma phosphclipid phosphorus, 5.98 and 6.33 mg. percent,
{0.12}; hematoerit values, 40.7 and 41.7 percent, {0.72); ammonia
nitrogen, 6.0 and 6.0 mg./ml., (1.50); and non-protein nitrogen 56.5
and 56.4 mg. percent. The differences in nitrxogenous components and
hematocrit walues were anot significant at P « 0.05, but the differences
in phosphorus components were all significant at P < 0.05. Using only
dataz from animals with values in both classifications, the differences
were somewhat smaller:; plasma inmorganic phosphorus, 8.7% and 9.25,
(D.13%); total phosphorus, 20.9 and 21.5, (0.31); and plasma lipid
phosphorus, 5.82 and 6.09, (C.17).

An attempt was made to determine the effect of bloat susceptibility on
blood phosphorus levels. The levels of blood phosphorus of all animais
were measured on dry feed and again on pasture while in the non-bloated
state, All animals were ranked on the basis of the average daily
maximum bloat scores and the 14 most bloat-susceptible animals were
compared to the 14 least bloat-susceptible animals. There was no dif-
ference between bloat-susceptible and non-bloat-susceptible animels in
total phosphorus, but while on dry feed the more susceptible group was
lower in plasma jinorganic phosphorus and higher in plasma lipid phos-
phorus than the less bloat susceptible group. When changed from dry
feed to pasture the group with high bloat susceptibility had a con-
siderable increase in plasma inorganic phosphorus and little change in
plasma lipid phosphorus whereas the animals with low bloat susceptibility
had little change in plasma ioorganic phosphorus and &8 relatively large
increase in plaswma lipid phosphorus.
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Chemistry of a Respiratory Ichibitor Associated with Blocat - H. D. Jackson
and R. A. Shaw, Purdue University, Lafayette, indiana .

Earlier studies at this stacion have shown that legumes contain a sub-
stance{s) which inhibits muscie respiration in vitro (J. An. Sci.l6:711,
1957) and that such a respiratory inhibitor from alfalfa is assoclated
with the occurrence of bloat in cattle (J. An. Sci. 18:158, 1959). The
ovbservations reported here werxe wade on samples from the alfalfa pastures
grazed in the latter stedy.

Alfalfa was fractionated by solvent and chromatographic techniques and

the steps of the fractionation were followed by analysis of the fractions
for their respiratory inhibiting activity in vitro. The inhibitor{s) was
2 non-lipid neutral substance which was not held on ion exchange columns
but which could be held on a carbon column and then removed from it in the
methanol eluate, The inhivitor was precipitated by cholesteral and upon
hydrolysis lost activity and released five monosaccharides: arabinose,
glucose, xylose, galactose, and Tmamnose. The inhibitor was found to

be a saponin(s) and was conpared with other saponin mixtures isolated
from the same alfalfa by slightly different procedures. The several
saponin preparations were compared by their respiratory-inhibiting
activity, specific rotation, infra red spectra, and by the different
monosdaccharides released on hydrolysis., An isalation procedure including
ion exchange, carbon column chromatography, and cholesterol precipitation
yielded the saponins with the greatest respiratory-inhibiting activity.
Details of this work have appeared in press quite recently {Arch. Biochem.
Biophys. B84:405-416, 1959).

These observations support the theory that triterpencid saponins may be
important plant substances in the etioclogy of bloat,

The Function of the Bovine Omasumm in Ingesca Transfer - C. E. Stavens,
A. F. Sellers and F. A. Spurrell - University of Minnesota, 5t. Paul

In a series of five adult cows and five calves motor events in the
reticulun and omasum were studied and an attempt was wmade to correlate
these with ingesta flow. Pressure events were recorded by means of open
tipped catheters and strain gauges., Ingesta flow wvas studied by fluoros
scopic examination, palpation, & funnel reservoir system and by use of the
Pitot tube principle, Results indicated that the omasal canal (vesti-
bulum) undergoes contractions with each primary and secondary contraction
of the rumen and that the primary ommsal canal contraction i3 often fol-
lowed by a contraction of the omasal body. The greatest flow of ingesta
from reticulum to ¢omasum appeared to occur directly following the primary
omasal canal contraction. It appeared that the canzl contractions forced
the more fluid portions of its conteat up among the leaves of the omasal
body. The body would then, io twrn, coutract pumping ingesta into the
abomasum. Backflow of large volumes of ingesta from omasum to reticulum
were occasionally noted and seemed to occur when the omasal body con-
tracted during closure of the omasowabomasal orifice. This could serve
to periodically flush any coarse roughage accumulated in the omasal cansel
back into the reticulum,
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Saponin and Dry Matter Values of Rumen Contents from 3Steers Grazing
Alfalfa - B. F. Barrentine, Mississippi State University, State College

Rumen samples wegg, taken by stomach tube, morming and dfternocn, from

two bloating and/non~-bloating steers grazing alfalfa. BRumen samples were
preserved in alcohol, and blended in a Waring Blendexr with a "polytron
head". Saponin was detemined by the pyridine-alcohol method. The
average saponin content of the alfalfa forage was 2.35 percent, dry
matter basis, during the collection period. The average saponin, dry
basis, and dry matter values of the rumen contents are shown below:

Saponin=pe¥rcent Dry Matter-Percent
Bloating steers, . A. M. 0.69 8.47
Bloating steers, P. M. 0.41 7.63
Hon-bloating steers, A, M, 0.87 6.34
Non-bloating stcers, P. M. 0,39 6.16

The results indicate considerable metabolism of saponin in the rumen
contents, but show little difference between bloating and non~-bloating
steers.

Studies on Bumen Femmentation in Connection with Bloat ip Cattle -
D. E. Wright and A. T. Johns, Dept., Sci. Ind. Res., Palmerston,Ncrth,
New Zealand

Studies on the rumen liquor from cows fed on red clover have indicated
that there are both foaming and anti-foaming apgents presemt, At bloat

the formation of a stable foam could be due to the decrease in the amount
of an anti-foaming agent. The main fecaming agent from the clover appeared
to be cytoplasmic protein while the anti-foaming agent was chloroplast
fat. Ar least part of the action of penicillin in preventing bloat is
probably due to the inhibition of bacteria which modify chloroplast fat.

It has been observed that the ciliate Epidinium ecaudatum is the pre-
dominant protozoon under bloating conditions. It ingests and digests
clover starch and chloroplasts, thereby removing the anti-foeming agents
from the rumen liquor. Both rumen bacteria and protozoa have shown to
hydrogenate the unsaturated chloroplast lipids which are not trigly-
cerides as hed been assumed previously.

Some Chemical Properties and Biological Effects of Legume Saponins -
C. R. Thompson, WURDD, ARS, Albany, California

Sapeonins occur in many plants, especially desert lilies such as the
yuccas, agave, ete. Two classes of saponins are recognized, depending
upont the characteristics of the fat-seluble nucleus or sapogenin. They
are the steroids and triterpenoids. To date all of the sapogenins found
and identified in legume forages have proved to be triterpenes. When
saponins are hydrolyzed with acids or enzymes, a number of sugars such
as glucose, galactose, arabinose, Xylose, and rhammose ave split off
leaving the nucleus known as the sapogenin.
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A summary of our konowledge of the occurrence of sapogenins in legumes
follows:

Alfalfa strawberry Clover Ladiyio Cloverx
Medicagenic Acid Soyasapogencl B Soyasapsgenol B
Lucernic Acid Unknown Sapogenin c
Soyasapogenol B

m c Birdsfoot Trefoil . gurr Clover
Unknown Sapogenin
Olganois Acid as Free Hederagenin
Compound

The present physiological studies on saponins in forages were started
about eight years ago folliowing reports that aifalfa contained a factor
which caused growth iahibition in young chickens when it wae fed at high
levels.

Saponing cause various effects in a number of different bioiogical
systems, While no single forage sapanin will cause all of the effects
noted, the follewing physiological effects have been abserved at wvarious
times:

Hemolyze red cells iphibit chick growth
Kill fish, snails Increase choles§&rcl in bovine
Stimulate ar inhibit excised plasma
inteatinal wuscle Inhibit muscle respiration
Free enzyme from red cells May be involved in ruminant bleat

Studies with saponins jisolated by forming a cholesterol addition product
show that hemolysis of red cells occurs at diluvtioms of 1 - 20,000.
Dilute solutions kill fish or other aquatic animals. ¥When the "choles-
teride” saponins are added to a muscle bath containing excised rabbit
ileum, peristalsis stops. As soon &8 it is washed out, peristalsis
resumes.

Recent studies at the Western Regional Besearch Laboratory have sug-
gested, but not proved, that the fractions of the elfalfs saponins which
form an addition complex with cholestrol in an aguecus solution are those
which are most active physiologically. Thus the "cholesteride' saponin
fraction from a given lot of alfalfe depresses chick growth to about the
same extent as the total saponin although the cholesteride saponins com-
prise about one-hzalf of the entire amount.

In othey studies, 25-mg., portions of purified alfalfa sapomins were
injected into the jejunum of pentobarbital-anesthetized rats after the
abdominal cavity was opened. The rats, except for their heads, were
immetsed in Locke's solution after injection. Immediate symptoms of
hyperemia were observed at the site of injection. Within 15 to 20
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minutes the hvpewcmia ext=nded to the'cecum. Alse an accumulation of
gas in both tlu: worll intrstine zrd the cecum was somecimes evident.
The gas presumably cama from the blocd, The rossitle cignificance of
this etfect in rurincat Disat ramains te he assessed,

A gquantitative znalveical method 'as recently been devised for the
detemination of to-al saponins in alfzlfa. It may be applicable to
other legumes but h=s not bezn tested on them to date.

Hork is continuing ¢r thz legume saponins to determine the identitw,
ocouywronce, amn posiible naysiolegical sisnificance of these inreresting
compounds in animal rotvitien,

Eructation in lnsufflzted !Mosp and its ?r~lation fo the Ropid Blood
Gos Chaneas - R W. Dovgharty, W. E. Sioisyr ~ud Mex Mold, torieell
Nedvertony;  Twan Lindshl, A28, USDA, o0 Fra.ft Campeti, Rachaster
University Medical Sehnol; and Ko J. HLll, Imstcicute of snimal
Physiology, Dz2braham, Eagland

The report was made in 2n effort to bripg uvp-ro-date what is lknown
about the physiology of eructation in ruminants. This is comsidered to
be a "key" pdrt of the bloat problem,

Previous work has showm that the following events occur during
eTuctation:

l. Two contractions of the reticulum clearing thac organ of much of
its ingesta.

2. Contractions of the mminoreticular fold and anterior pillar,
holding the ingesta away from the cardia area and preventing the
irmediate return of ingesta to the relared reticulum.

3. These events permit pas to come forward to the region of the cardia
so that it is in a position to ba eructated,

4. Relaxation of the cardia and prediaphragmatic sphincters, permitting
rumen gas to distend the esophagus throughout its entire length.

5. Closure of the cardia and prediaphragmatic sphincters and relax-
ation of the pharyngoesophageal sphincter foliswed by an extremely
rapid peristaltic wave of the esophageal musculaturs clezring the
esophagus of the contained gas,

6. We also had demonstrated previously that there are receptors in a
relatively small area arvound the cardia which inhibited eructation
when this area could not be cleared of liquid, solid or feamy
ingesta. These receptors were capable of differentiating between
gases and other materials commou to Tumen ingesta. When this area
{around the cardia) is covered for a few minutes with cne percent
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butyn sulfate and the relarively full rumen is insufflated with
gas, deceresbrate shcep eructated any material that was in the
vicinity of the cardia--gas, liguids, solids or a mixture of

these components of nmen ingesta. This indicates that these
receptors are fairly superficial and may act as tactile receptors.
It must be borne in mind that during rumination the animal must
be able to inhibit the inhibitors or regurgitation would be
inpossible.

4 continuation of the work during the past year and especially
during the svmmer and fall has thrown considerable light on
pharyngeal events occurring during eructation. These are listed
briefly as follows:

7. The soft palate closes against the posterior nares, blocking
antrance of the bulk of the eructated gases into the nasal
cavities.

8. The mouth and lips remain closed, although not tightly so.

9. Intrapharyngeal pressures rise sharply during eructation.

10. The glottis remains open and even widens during eructation in the
decerebrate sheep.

11. Intratracheal pressures rise sharply during the esophageal con-
traction phase of eructation. These pressures follow patterns
gimilar to those occurring in the esophagus during eructation.

12. Methane is not excreted through the lungs in measurable amounts
when it is insufflated into the rumen.

13. VUhen sheep were insufflated with a 60/40 mixture of C0y and CHg,
methane was found in the trachea and in the bronchi in appreciable
amounts. This indicated that eructated gases get deeply in the
. lungs.

Recent studies of the intrapharyngeal phases of eructation are considered
to be one of the most productive parts of our four-year study of this
important physiological pracess, It has led to our finding that con-
siderable quantities of eructated gases get into the jengs, part of
which are absorbed. The {implications of this physiological process

are rather far reaching. We have already found that this is the chief
source of two important off-flavors in milk. It may have considerable
infleence on what ate considered to be normal willk flavors. It can be
postulated that the ruminant recycles part of the eructated gas to con-
serve some of the carbon (C02) that would otherwise be wasted. 1If this
is so, then the entire picture of numinant metabolism may have to be
reexamined.
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_MICROBIOLOGY PANEL

Soue Effects of Viscous Materials Upon Foam. Stab:iity and Bloat -
E. C. Leffel and R. N. Doetsch, University of karyland, College Park

In the course of investigationa on bloat, experiments were conducted to
test the supposition that increased viscosity of the rumen liquor would
result in the formacion of a stable foam which would tend to block the
cardia and interfere with eructation, Substances tested for ability to
increase viscosity andfor form & stable foam included guar gum, pectin,
polyvinylpyrolidone, gelatin, egg white, capsular material from
Streptococcus bovis and dextranm.

Guar gum, which produces a strong gel in aqueous solution due to its
galactomannan content, did not increase viscosity of the rumen contents.
Investigation of the rxole of xumen bacteria disclosed a number of obli-
gately anaerobic rumen streptococci capable of hydrolyzing galactomannan
contained in the endosperm of Cyancpsis tetragonaloba., The enzyme(s)
associated with the breakdowm of galactomannan has been termed
“"oalactomannanase''. It is constitutive in rumen bacteria and is found
in significant amounts in raw rumen fluid,

Galactomannanase is pestulated to be elicited by compounds such as
cellulose, cellulose derivatives, and mannagalactan which possess the
B -1:4 linkage. A survey of a number of non-rumen bacteria revealed
that they do not elaborate galactomannanase. Ability to hydrolyze
galactomannan scems confined to a specialized group of anaercbic cocci
of rthe rumen,

Results obtained from in vitro experiments with pelyvinylpyrelidone,
gelatin, pectin and dextran may be briefly summarized as follows:

l. A foam was produced in rumen fluid taken from sheep on an alfalfa
hay diet by sparging with carbon dioxide, but this foam rapidly
deteriorates. The addition of polyvinylpyrolidope {1-5 percent

w/v) to the rumen fiuvid did not enhance foam formation, despite the fact

chat the material added produces highly viscous aquecus sclutioms.

2. PRumen fluid, taken from a sheep on an alfalfa hay diet, was mixed
(100 ml 5 percent (w/v) gelatin plus 10Coml rumen fluid) in the
Waring Blender for one minute and a stable foam was formed. The
same sort of stable foam was produced when this mixture was
sparged for one minute with 100 percent carbon dioxide.

3. Uhen rumen fluid, as in number 1l and number 2 was mixed with apn
equal amount of five percent (w/v) pectin, no stable foam was
formed in the Waring Blender after one minute's agitation.
However, five percent (w/v) pectin added to an equal volume of
rumen fluid, and sparged with 100 percent carbon dioxide, formed
an extremely stable foam.
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4., Dextran (5 percent w/v) produced an extremely viscous aqueous
solution, but this sclution mixed with an egual voliume of rTumen
fluid and sparged with carbon dioxide did not produce a atable
foam.

Results obtained from im vivo eZperiments may be briefly summarized as
follows:

1. The test animal did not Liocat when administered a mixture of 3000 ml
“"Gelsol" (8 perzent gelatin)vf&us 300 a1l of 10 percent (wfv)
glucose, and sparged in vivesa fistula with 100 percent carbon
dioxide. Results with sheep on a "bloat diet” (61 percent ground
barley, 1& percent soybean oil meal, 22 percent ground alfalfa hay
and 1 percent HaCl) and on diets of alfalfa hay or alfalfa pellets
were similar.

2. An organism tentatively identified as 5. bovis was grown in 10 liter
quantities, and centrifuged. The animal on an alfalfa hay diet was
given two liters of this culture suspended in distilled water
(1013 capsulated cells). There was approximately 3.3 mg. of car-
bohydrate (capsular material) per 10 ml. of fully growh culture,
There was no in vivo foam formed over an observation period of
five hours.

3. Two liters of 10 percent gelatin (w/v) were churned into foam with a
whipped cream dispen 8T+ This foam was overlaid on the normal
yumen fluid in vive/a fistula. 1In addition, 100 percent carbon
dioxide was sparged directly intc the rumen fluid in vive. Pres-
sure was maintained at 15-20 wl. Hg. The animal could not eructate
the sparged gas under these conditions as well ss when no foam was
present.

4, When %00 ml. fresh egg white and 200 g. glucose were gdded to the
rumen via an escphagcal tube some foam was produced in the rumen.
1f the egg white was added via the fistula using a whipped cream
dispenser, much eructation occurred but no bloat or foam was
observed.

5. The administration of five 50 gram doses of dextran to & fistulated
and to an intact sheep over a period of 48 hours did not result in
observable fomm formation or bloat. Microscopic examination of the
rumen fluid showed a high degree of encapsulation of the rumen
microorganisms, Rumen £luid drawn after feeding dextran for 48
hours formed & very stable foam when sparged with carbon dioxide.
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Nitrate Poisoning - G. B. Garmer, University of Missouri, Columbia

In studies by workers at the Missouri Station since 1954, certain

facts have been related to the overall problem of nitrate poisoning.
Classical nitrate or oat hay poisoning is only the more acute response
of ruminants to nitrate. The relationship of this problem to soil fer-
tility, species selection, soil mpisture and stage of maturity at harvest
are important aspects of nitrate poisoning,

In 1958, the addition of 100# N/acre to timothy, bluepgrass, fescue and
orchard grass resulied in KNO3 equivalent in the dry forage of 2.85,
1.25, 1.72 and 2,50 percent, respectively. When a complete fertilizer
application of phosphate, potash, lime and nitrogen was applied the
levels were 0,55, 0.16, 0.39 and 0.2] percent, respectively, Brome and
Ladino clover did not accumulate as much nitrate on the nitrogen treat-
ment but did show a2 decrease with the complete soil treatment,

Species of plants found to accumulate nitrate were ranked in order of

decreasing potential, Corn, sudan, small grains, rape and fescue were
found to be potentially high accumulatorg., Alfalfa, Ladino, milo and

sorghum were mpderate accumulators with the red clover and brome being
consistently low.

Seed crops used for forage can be harvested in a late stage of maturity
in order to dilute the stem and leaf nitrate by the grgin. In general,
all nitrogen components of the plant decrease percentagewise with age.

In vitro experiments have shown that the rate of conversion of nitrate
to nitrite by rumen fluid is controlled by the ration composition of
the donor animal. Sheep rumen fluid from alfalfa-fed sheep reduced
nitrate more rapidly than did fluid from sheep fed either alfalfa plus
corn or timothy plus cerelose. Glucose added to these in vitro systems
did itself increase the rate of nitrite formation. These results have
been interpreted tc mean that if the amount of nitrate ingesta is small,
the bacteria of the rumen can convert the nitrate-nitrogen Lo protein
in the rumen without toxic effects. However, if a large smount of
nitrate enters the rumen this comversion cannot take place rapidly
encugh to pravent the nitrite from passing into the abowmasum.

Motility of the rumen microorganism is inhibited by nitrite and the
oxidation reducticn potential rises with resulting digestive dis-
turbance. Methemoglobin is not an adequate indexof nitrate poisoning,
Belaxation of smooth muscle, excessive urination, motor weaxzness and
rapid pulse may be seen without a significant rise in methemoglobin.

The level of nitrate intake believed to produce visible symptoms is
approximately 0.5 percent KNO3 equivalent of the dry matter intake.
Milk production is lowered, non-thrifty appearance and possible
reproductive difficuity results. At one percent KNO3 intake, a
definite loss of milk production, vasodilation, abortion and some
deaths may resulEk,
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The work of the iissouri Station is compatible with the work of Sund
and coworkers from the Wisconsin Station (recentiy published) concemming
abortion in cattle receiving nitrate.

Nitrate poisoning will increase as the efforts to produce greater yields
per acre continues. Ar ievelsless than one percent KNO4 equivalent of
the dry matter it is a problem of relatively poor nutrition, that is, by
increasing the energy content of the ration and maintain satisfactory
levels of proteip, vitamins and miceral it can be overcome. Above one
percent of the toxic nature of nitrate will be difficult to overcome in
a dry ration. The effects of nitrate levels in fresh forage utilization
are different than in a2 dry ration and need further work.

Destruction of Penicillin by Rumen Micmoorganisms - C. K. .Smith, June
Azukas, R. 3. Emery and C. F. Huffman , Michipan State Unive, E. Lansing

Various investigators have used penieillin as a control for bloat, and

in so doing, have chserved that the efficiency of the treatment decreased
as time progressed, This chservation suggests that prolonged creatwment
with peniecillin results in induced resistance of the microflora of the
rumen with subsequent destruction of the peénicillin. Thus, this present
investigation was begun.

Fistulated aniwals were fed penicillin amounting to 100 mg or approxi-
mately one unit per ml, of rumen contents daily. Attempts to recover
the penicillin showed that in animals receiving penicillin for some
time, the penicillin could be detected in the front but not in the back
of the rumen for one hour after feeding., This was true of high grain
and high hay retions, the lowest detectable level of penicillin being
0.495 unit per ml,

In view of these results, the microflora was taken from an animal on
penicillin to determine how quickly and how much penicillin could be
destroyed in vitro. This was done by varying the amount of penicillin
and qualitatively determining its presence at hourly intervals. It was
found that the organisms could destroy 100 unit per ml in 5 hours,
Various controls were &lso run to ma2ke certain that the destructicon of
penicillin was dve to microbial metabolism rather than some physical
factor. Having ascertained this, the destruction of penicillin was
atcributed to an induced enzyme, penicilliinase. Having assumed peni-
cillinase to be at its highest level at the same time the penicillin
disappeared, various fermentations were run which received 10 rimes the
amount of original penicillin at the time the initial penicillin dis-
appeared, Within a total time pericd of 9 hours, 500 units per ml. of
penicillin could be destroyed consistentcly.

An aegay method for penicillin utilizing Bacillus subtilis spores is
described and results presented. By using this method it was found
that penicillinase is not at its highest at the time the penicillin is
destroyed but tather three to four hours later. This is true regardless
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of the units of penicillimx used. This phenomenon has also been observed
by Pollock who exposed bacterial cells for a brief period (about one minute)
to penicillin at 02 with no energy source and found that penicillinase pro-
duction would theqbccu: in a peniciliin free medium, the Ltotal amount in-
creasing linearly with time.

Anoither method of weasuring penicillin is the manometric method, When
peniciliin is added to penicillinase in the presence of bicarbonate, €O,
is evelved. 1If a zero order reaction is maintained, thea the rate of
reaction is proportional to the concentration of penicillinase. If the
reaction is carried out at a pH near 7 and at 25 - 30°C., the nonenzymic
destruction of penicillin is pegligible. This method was used with the
in vitro fermentation liquid but very little activity was Jdemonstrable,
probably because the level of penmicillinase was too low.

To concentrate and purify the enzyme, two different methods were used.

One involves a series of acetone precipitations, dialysis against phosphate
buffer and precipitations with ammonium sulfate. This procedure was used
on a number of in wvitro fermentations with limited success. However, the
preparations that showed consistently good activity enabled us to do some
preliminary work with inhibitors.

The other methed for purification is based on the chance cbservation by
Polloek that the enzyme is oot Ffiltevable through sintered glass. The
enzyme jis adsorbed onto powdered glass followed by elution and precipi-
tation with ammonjum sulfate. This method theoreticslly resulcts in

95 percent recovery of the enzyme practically free from other protein,
This method has not been successful with us, probably because of the
presence of some constituent which inhibits adsorption.

Some limiting factors which yet have to be overcome are:  size of fer-
mentation, levels of penicillin that can be used and time of incubation
of the fermentation. Of these, perhaps the most important are size of
fermentation and time of incubation. BFecause the organisms are fastid-
iously anaerobic, it iz impossible to obtain a large encugh inoculation
of viable oyganisms for, say, 5 liter fermentation. Also, since the
fermentations are predisposed to contamination, penicillinase produced
in a fermentaion rum longer than 9 to 12 hours could be attributed to =
contaminant,

In summary, then, it has been found that microorganisms of the rumen,
when subjected to treatment with penicillin, can produce a principle
capable of destroying the penieillin. This principle has been isclatbed
and evidence suggests that it may be & penicillinase. Various precedures
for the isolation of the enzyme have been tried but with limited success.
Some problems involved are size of incculum and levels of penicillin thac
can be uvsed without inhibiting growth.
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Application of che sili Bag Technique for Evaluation of Feed Materials
in Lattle - E. S. Erwin and B. R. Taylor, University of Arizona, Tucson

Effect of Diet and Feed Additives on Facultative Angzerobes in the Rumepn -
P. A, Hartman, R. H. Johnsem, L. R. Brown, N. L.Jacobson and
R. S. Allen, Iowa Stace University, Ames

Facultative anzerobic lactobacilli (APT apar) and streptococci (thallus
acetate agar} were enumerated on rumen samples from sik fistulated cattle
during the progress of feedlot bloat investigations and subseguent
alfalfa pasture experiments.

When the rumen contents of Che animal with the greatest feedlot bloat
potential were exchanged with the contents of an animal which did not
bloat in the feedlot, intraruminal pH, fosminess and types of lacto-
bacilli present (based on colony morphology) reverted to pre-treatment level
1n both animals. This indicated that each animal, via inherent physio-
logical processes, gained a high degree of autonomy of rumen flora.
Bloat occurred prior to any substantial increase {in streptococcus
countg; therefore, the import of rumen streptococci in the etiology

of feedlot bloat can be questioned. Little success wag cobtained in
attempts to affect the foaminess of one animal by the introduction of
cultures isolated from the companion animal. However, feedlof bloat
could be induced in the sanimal which did not normally bleat by adwin-
istration of 200 gm. of zodium carbonate. CGConcomitantly, the intra-
ruminal pH {(normally below pH 5.8) was elevated for a 5 te 7 day period,
changes were noted in the types of lactobacilli present, and greatly
increased streptococcus counts were obtained, A single dose of 7 gm.

of sodium hydroxide or continued feeding of sodium carbonate (25 pm.
per feeding) resulted in subsequent ptroduction of intraruminal foam and
elevated streptococcus counts, but only temporary effects could be noted
on the ruminal pH and numbers and types of lactobacilli present. These
results indicare that the iomic enviromment was of considerable import
in the etiology of feedlot bloat and that the microbial balance of the
rumen may be altered by regulation of the incrganic constituents of the
diet. In addition, intraruminal pH and the types and numbers of lacto-
bacilli present were found to be of little comsequence in the etiology
of bloat,

The six fistulated animals were also used during alfalfa pasture experi-
ments on the use of antibiotics in bloat prophylaxis in order to estimate
the degree of antibiotie resietance developed by the facultative
anaerobes of the rumen. Rumen contents from each animal were plated on
APT and thallus acetate agars containing no antibiotic, 2.0 units per

ml, of penicillin, or 10.0 mcg. per ml. of erychromycin. Merked reduc-
tions in viable counts were obtained on the control media for several
days following the initiation of penicillin or erythromycin treatment,
and, for longer periods, when these antibiotics were fed in combination.
This selection of population by peniceillin or erythromycin was probably
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responsible for am initial increase in apparent pacterifal resistance
towards one antibiotic in samples obtained from the rumens of animals
being fed the other antibiotic. Subsequent development of resistance
was specific for the antibiotic which was fed, while the initial
"generalized" type of resistance disappeared. Resistant bacteria ap-
peared sporadically in the control animals, which indicated that some
transfer of resistant bacteria might occur from treated te control
animals. Sometimes the resistant bacteria persisted for several weeks,
especially in animals of the treatment groups, but other instances were
noted where the resistant forms did not persist for more than several
days. Prevalence«of resistant forms seemed to be incidental to the
efficacy of the antibiotic in prophylaxis of bloat. On the other hand,
the ability of an antibiotic or combination of antibiotics to reduce the
total numbers of the bacteria enumerated was closely associated with the
more effective treatments.

Froth Formation, Surface Tension and Attempts to Alrer the Microbial
Balance in the Bovine Rumen i{n Studies Associated with Bloat -

Don R. Jacobson, Ralph F, Wiseman and William ¥, Miller, University of
Kentucky, Lexington

The results indicate that a mierobial balance exists in the bovine
rumen. Attempts to establish & slime-producing Aerobacter, which was
isolated from Ladino clover, in the rumen of Ladinp-fed cattle was
unsuccessful. 1t was further observed that pronounced changes in the
numbers of paracolon bacteria, lactobacilli, and streptococei did oot
gecur in experiments in which varicus concentrations of peniciliin were
added to the rumina either by stomach tube in dairy cattle or directly
in fistulated dairy steers. This zpparent lack of antibiotic activity
was not correlated with the appearance of penicillin-resistant lacto-
bacilli or streptococeci since in vitro assays showed that these groups
were sensitive to low concentration of the antibiotic. The availabilicy
of rumen paracolon bacteria to grow in relatively high concentrations
of penicillin suggests that in the rumen this group might have inacci-
vated the penicillin, thus permitting the numbers of penicillin-sensi-
tive Gram positive bacteria to remain unchanged following the adminis-
tration of the antibiotic, The transfer of the cattle from Ladino
clover to hay following the penicillin studies did not markedly modify
the numbers of rumen bacteria noted.

The addition of the slimeeproducing Aercbacter, or the administration

of penicillin did not alter the rate of production of total froth or
stable froth in the rumen, The stable IVI values on a volume change

by weight basis ranged from 0-3)., The average surface tension in dynes
per sq. cm. surface area was 55.2 on a normal ration, consistently lower
(52.6) for fistulated animals on either high or low protein bloat pro-
ducing rations and 49.2 for an animal not fistulated on a low protein
bleat producing ration. Suxface tension of 10 samples from animals not
bploating on Ladino clover was S4.4.
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Bubble Physics and fuminzl Froth - Volney Wallace, 5South Dakota State
College, College Station

The pressure in a sicple oubble is equal to enviromuental pressure plus

2 gamma/r, where gamma Ls surface tension and r is the radius of the
bubble, The magnitude of this eifect is shown here for a seclution haviag
a surface tensjon of 50 dynes per centimeter.

Bubble radius, wmicrons 1000 100 10 1 0.1 0.01
Pressurc,atmospheres 0. 0005 0.005 G.05 0.5 5 30
Pressure, cm HoC 0.5 5 50  s5x102 sx103 sx1o%

Rumen juice may be regarded as saturated with gas with respect to bubbles
of a given radius, r,. Larger bubbles grow and smallexr bubbles dissolve.
The growth pressure of a bubble of radius r is dependent on bubble size,
being equal to 2 gamma (1/ry-1/x). These effects may also be derived
from the formula relating sclubility to particle size.

If a bubble is attached tc a surface, but is greater than hemispherical
in the shape of the gas/liquid interface, it behaves qualitatively as a
simple bubble., If it is less than a hemisphere, ¢P/dV is positive, and
the bubble comes to equilibrium with the solution, These bubbles lose
their stability when incressing saturation pressure or gspreading of the
bubble.zakes it beyond hemispherical shape, Such nucleil appear to be
abundantly present in Tumen juice, for this wmaterial forms bubbles
copiously when placed in a moderate vacuum,

If a bubble is surrounded by an elastic coating, thisz coating will

develop tension as the bubble grows and increase the pressure of the bubble
by 2S/r where S is the elastic tenmsion. As V increases, dP/dV becomes
less negative, then positive. If § does not excead the tensile strength
of the surface layer, the bubble will come into equilibrium with its
environment. If the tensile strength is exceeded, the coating will burst
and the bubble will continue to grow. The course and extent of this
action is a function of bubble size and thickness, modulus of elasticity
and yield characteristics of the coating.

If a bubble is out of ypund, it may be assumed that elastic tension is
present in the surface of the bubble acting with or against surface
tension. In such a bubble the surface tension (total tension) is directly
proportional to the radius of curvature.

Coatings expected to have elasticity are:; (1) monomolecular layers of
surfactants, {2) gelatinous material (specifically =zoogloeal matter},
{3) wutually adhering particulate matter, and (4} particulake matter
bound by matter or fluid occupying the intersticies (a cluster of wet
glass beads is a wmodel for this).
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The existence in frothy biloat of bubbles whose growth has been slowed or
stopped by elastic surface coatings is suggested by the following obser-
vations by the author:

1. Bubbles in yuminal froch appear under the microscope to be coated
with matter, with much particulate matter included in this coating.

2. Bubbles have been aobserved ko rupture, with a bubble growing out of
the side of the parent bubble.

3. 3Dubbles from frothy rumen juice are commonly out of round, with deep
constrictions and protruding knobs net uncommon.

4. Matter coating bubbles has been isolated and found to be rich in
lipids (12-24 percent) and to contain an abundance of micrococci.

Radiosonde for Measuring Bumen Pressure - Volney Wallace, South Dakota
State College, College Station

Radiosondes consisting of a low frequency transistorized oscillator were
constructed with the tuning slug of the oscillator attached to a baro-
metric element. These units broadcast a weak signal whose frequency was
a function of environmental pressure. The signal was picked up and
recorded by a communications receiver (beat frequency oscillater on),

an audic frequency meter and a recorder in that sequence. The system
was A success in that it permitted continucus monitoring of ruminal
activicty without disturbing the animal.

The receiving and recording system is extremely precise, but sensitive
to noise. A high df/dP in the radiosonde and a standard FM detector in
the receiver should give satisfactory precision and less sensitivity to
noise.

Use of VHF frequency rather than low frequencies is recommended because
of the low level of atmospheric noise at VHE frequencies and the high
gain characteristics of VHF receiving antennas.

Battery life is about 10-3 watt days per gram. Use of RF power to run
the radiosonde may be superior to use of batteries.

The radiosonde should be mounted in a gimble mounting as orientation
affects both signal strength and frequency of the signal., The latter
effect stems from the fact that the transducer is in effect a weight on
the end of a spring.

Extreme precautions should be taken to prevent diffusion of H2S into the
instrument. This gas is very corrosive and goes right through rubber.

Federal Communications regulation should be consulted by those intending
to use radio power in excess of 0.1 watt, or for operation in excess of
about 1/2 wavelength.
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Isolation of che Froth Fraction of Frothy Rumen Contents - Volney Wallace,
South Dakota State College, College Station

Rumen juice from acute cases of bleat on fresh alfalfa were ovbserved to
separate gn standing with the upper layer being lighter in coler and
having a marked yellow cast. When the upper layer is mixed with water,
it separates again, quite sharply, into a greenish yellow froth layer
and preen wash water. Repetition of this procedure removes all but a
trace of the green color, giving a surprizingly stable vellow froth
layer.

The washed froth under the microscope appears as bubbles ccated with
matter with a considerable amount of particulate matter in the surface
layer., The larger bubbles are generally out of round, sometimes possessing
major constrictions and proturbances. The bubbles show little tendency

to merge. When the cover slip is moved laterally, these bubbles appear

to roll. These bubbles are dull in luster and examination of frothy rumen
ingesta shows that the large bubbles have a frosty luster and are yellow
green in color in contrast to the deep green of the ingested alfaifa.

When washed froth is cen {&g?ged some greenish matier settles to the
bottom of the centrifuge /but the bulk of the sclids settle Lo the top of
the tube forning a greenish yellow water repellent layer. Exawmination
of this material has been exploratory rather than systemacic with the
following data and observations to date. ta are single analysis of

separate sawples.

Lipid: {percent) - 14.0, 11,8, 24.3, 23.4 and 18.€

Crude protein: (percent) - 14.2 and 22.4

Ash: (percent) - 2.7 and 11.0

Pigmentiedﬁa¥f% & percent carotenoid pigment, with the following
pigments Adentified: Cryptoxanthin, Xanthophyll, Zeaxenthin
and beta-carotene

Sclids: Gram positive micrococci most abundant numerically, Also
present are gram positive diplococci and short rods, mineral par-
ticles and masses of organic matter, ¥hen this matter is dried
before fat extraction, organisms are imbedded in a solid phase,

Rumen contents were taken from three slaughtered animals from feedlot and
a small yield of white froth was obtained by the above procedure. The
isolated froth solids were found to contain 5.83, .55 and 7.95 percent
lipid respectively (average 9.77 percent).

Some of the Biophysical Aspects of Bloat - R. E. Wichois, University of
Wisconsin, Madison

A correlation coefficient of 0.323 has been demwonstrated to axist between
the mass viscosity (V) of samples of ruminal content and the centrifuged
volumes of the solids of the same samples (%W). In animals eating fresh
legumes, the fluidity of ruminal content is muei less than in animals
eating legume hay. When the ratio of the distance btetween the particulace
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elements (d} of a suspension to tha diameter of the particles (D)
approaches 0.1, the viscosity of the whole suspension begins to increase
very markedly. Since ruminal contents are a suspension system, the above
phenomenon not only can apply but actually does when a very rapid pro-
duction of bubbles of COp in ruminal contents of increased viscosity
occurs following the feeding of fresh young legumes. During such rapid
production of bubbles in the rumen, measured %V's often increase to 90
percent or better indicating a d/D ratio of < 0.1 and V's often simul-
tanecusly increase to two or three rimes those found before the period
of rapid gas production. Following these periocds of rapid gas pro-
duction in animals relieved of excessive ruminal pressure, %V's and V's
decrease rapidly as also does the froth resulting from the rapid gas
praoduction.

Observations on Lthe Ruminal Microbial Populations During Bloat -
R. E. Davis, J. Gutierrez and I. L. Lindahl, AHRD, ARS, USLA

The bacterial changes which occurred with the onset of bloat symptoms
when animals were adapted tc a high grain diet using controlled feeding
methods were confirmed. The bloat symptoms were correlated with the
appearance in the ruminal fluid of long chained encapsulated streptococci
and large sarcina type organisms., When the levels of protein were varied
between 13 and 21 percent, the incidence of bloat was not significantly
affected. The effect of different levels of carbohydrate on the incidence
of bloat is currently under study.

In animals on bloat-provoking clover pastures, gross microbial differences
between bloaters and non-bleaters such as are observed in feedlot bloat
could not be. established. Extreme foaminess was a characteristic of
rumen samples in both che feedlot type bloat at Beltsville and pasture
bicat cases at Mississippi State Callege. Isolation of saponin-utilizing
bacteria in significant numbers from Mississippi blosted steers on Ladino
¢lover pastures was possible by the use of rumen fluid agar medium
enriched with 0.5 percent composite alfalfa saponins. The strain char-
acteristics of the bacteria able to degrade saponins were similar to
Butyrivibric sp. which had been isclated earlier from animals on alfalfa
pastures at Beltsville. o

Total Pectic Substances and Uzonic Acids in Pasture Plants and Their
Relationship to Incidence of Bioat - H. R. Conrad, W. D. Pounden,
A. W. Fetter and R. D. Ramseyer, Ohic Agricultural Exp. Sta., Wooster

Experiments were conducted during two years to determine the possible
relationship of pectic substances in legume pasture plants to the forma-
tion of stable foam in the rumen and the incidence of bloat in dairy
cattle, Four dairy heifers and four dairy steers ranging in age from

£ to 12 months were used for experimental cattle.

During the first year the amount of total pectic substances in the Ladino
clover pasture ranged from 1.1 to 6.6 percent, The highest incidence of
bleat was found to be during the period when the Ladino clover analyzed
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highest in total pectic subsiances s determined by alcohol precipi-
tation. The following tabulation shows the incidence of Lloat in rela-
tion te wvarious levels of total pectic substances found in Ladino clover
pasture.

Total pectic No. of days Number of Humber of Bloat per
substances samp led . aniwal days bloat ecases animal day
11 - 20 13 104 o ¢.00
21 - 30 7 56 (B .20
31 - 40 4 32 2% 0.75
41 - 50 7 56 25 0.45
51 and above 2 16 5 0.31

During the second year the pasture forage available remzined principally
grass throughout the season. Only five cases of bloat were aobserved.
These occurred at peaks in the average pectin content of the wmixed
forages. Total pectic substances and vronic acids were determined
throughout the season. Marked daily variations in the pectin content of
alfalfa were observed. The amount of total pectic substance varied from
¢.6 percent to B.9 percent. Variations in the uronic acid content were
less marked but were found to be uniformly higher in alfalfa and Ladino
than in orchard grass and timothy. Average content of pectic substances
and uronic acids yas 4.01 pexrcent and 16. 3 percent for aslfalfs, 2.80
percent and 16,4 percent for Ladino, 2.45 percent and 11,8 percent for
tirdsfoot trefoil, and 0.26 percent and 8.0 percent for orchard grass.

A positive relationship between incidence of bloat and content of total
pectic substances in Ladino clover along with the observed high level of
rapid gas producing uronic acids in the bloat producing legumes suggests
that the pectic substances and hemicelluloses provide essential plant
factors for the cccurrence of bloat in cattle.

Studies with the Cellulose Digesting Micro-Organisms from the Rumen -
Burk A. Dehority, Xhaled el-sShazly and Ronald R. Johnson, Dhio Agri-
cultural Experiment Station, Wooster

Four sheep on synthetic diets and a fistulated steer on 4 hay diet were
used to determine whether or not the micro-organisme cultured in in vitre
fermentatlons were representdtive of the in vivo rumenm microflora. Using
volatile fatty acid production as a criteria the results indicated a
definite parallelism in the rates of femmentation of cellulose in vivo
and in vitro for the first 12 hours. Further studies on the direct
measurement of cellulose breakdown in vivo and in vitro were carried out
using the nylon bag technique in vivo. Comparison of the rstes of
digestion over a 48-hour period revealed a striking similarity between
the in vivo and in vitro fermentations. Careiu! microscopic examination
before and after the in vitzo fermentation revealed & proliferation of
Gram-negative micrococci and very small vods, which were also found in
the original inoculum in large numbers, These sane organisms were
observed to proliferate in vivo.
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Concurrently with the work abowve, a project was started in an attempt to
separate out those rumen bacgeria responsible for ceilulose digestion.
Differential centrifugation of ruymen fluid revealed that the cellulolytic
bacteria remained in suspension aftercentrifugation at 1500 times
gravity but were sedimented at 3000 times gravity., After allowing this
fraction to ferment cellulose for 30 hours a tremendous proliferation of
the Gram-negative micrcococci was gbserved. All other crganisms present
in the inoculum had disappeared. Using this technique, enriched cultures
of this Gram-negative micrococci were cbtained for experimental use in
determining the nutritional requirements of these baciteria, At the same
time, attempts were made to grow the Gram-negative microcceci on solid
media. After three days of ansercbic incubation, a round, smooth, colox-
less, opaque colony was obtained. On examining a smear of the colomy it
was found Lo consist of Gram-negative micrococci. However, when transfers
were made from the micrococei colonies on to a similar liquid media no
visible signs of cellulose degradation were observed over a l4-day incu-
bation period.

Thus, the nutritional reguirements of these Gram-negative micrococci were
investigated using the enrichment cultures described above. 1t was found
that neither biotin, PABA or valeric acid alone enhanced cellulose diges-
tion to a very marked degree., When either of these vitamins or both are
added in combination with valeric acid, however, a definite increase of
cellulose digestion was observed. Further work with washed cells indicated
that a combigation of voth biotin and valeric acid are required for cel-
lulese digestion and the requirement for PABA would appear to be of a
secondary nature, The requirement of the enriched culture for biotin

was investigated and it was found that approximately .5 gamma per hundred
ml. of media was satisfactory.

Humbers of Protozea in Relation to Bloating Tendency of Cows Fed Fresh
Alfalfa - R. A, Mah and R. E. Hungate, University of Califormia, Davis

A comparative estimation of the relative mmbers of protozoa present in
selected bloating and non-bloating cows disclosed a difference in popula-
tion, particularly in the protozoa belonging to the genus Ophryoscolex.
When cows were bloating on a diet of fresh green chopped alfalfa,
Ophryoscolex was present in numbers as high as 1740 per ml. Non-bloating
cows on the same diet contained this organism in numbers less than 20 per
ml. WVariations in the population of Ophrycscolex occurred with & change
of feed. On less succulent non~bloating greem chopped alfalfa, some
bioaters and non-bloaters contained Qphryoscolex in similar numbers,

On dried alfalfa hay, both groups of animals showed a decrease in the
numbers of Ophryoscolex to a range of 40 to 10C per nl.
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Preliminary Experiments on_the liicrobiology of the Rumen of Cows on an
Alfalfa Green-Chop Ration - W. B. Lestex, S, Vyas and R. E. Hungate,
University of California, Davis

Availability of the bloating and non-bloating animals used by Mendel and
Boda prompted a study of their microbiology. An attempt was msade to
identify the factors concerned with increased Ioaminess. Rumen contents
from bleocaters and non-bloaters were inoculated into flask cultures con-
taining various combinations of saliva, alfalfa juice, alfalfa saponin,
and sucrose. No differences in the two groups were detected, but the
resulis were inconclusive because during the period of the sctudy the
bloat wes not marked. Earlier studies when the bloat was more pro-
nounced did show increased foam stability In vitro for the bloaters

but this characteristic could not be maintained in vitro.

Culture counts of both groups, using a frxesh alfalfa extract medium,
disclosed no significant differences in numbers or colony types.

Saponin was fermented by rumen ingesta from bloated and non-bloated
animals during periods of active bleat, The attack was relatively
slow and maintained over a long period.
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ANTMWAL MANAGEMENT PANEL

Soil Fertility and the Occurrence of Bleoat on fading Clover -
H. D. Jackscn, R. L. DeVault, G, D. Goetsch and B. . Hatcher, Purdue

University, Lafayette, Indiana

Two adjacent ladino clover paddeocks (%2 and 43) of two acres each were
used in this study. Soil_analyses chowed similar fertility in each
paddock and revealed approximately 110 lbs. available P;0s per acre.
This phosphate level is suboptimum and demanded an additional 100 1bs.
P50 per acre to reach the level recommended for legume crops. Pasture
#2 received this phosphate level, and pasture ¥3 received none. Both
pastures were fertilized with 200 lbs. K30 per acre and provided lush
herbage.

Twenty head of Hereford feeder cattle were divided at random into two
herds (A 2nd B}. The herds grézed each pasture alternately for four
experimental eras of four days each. Between these eras the cattle
grazed on bluegrass pasture. The caitle were on lading clover pasture
for three grazing periods of one and a half hours each, each day and
were in dry lot at other times. The experiment was conducted during
June, 1939, A forage sample was harvested from each pasture in the
afternoon of the sixteen experimental days.

The animals were scored for bloat when taken off pasture using a four
point scale. One hundred and forty-eight cases of blcat were observed.
The occurrence and severity of bloat were approximately squal on the two
pastures but differed between the two herds. A bloat index was cal-
culated for each forage sample based on the observed bloat (Index= total
bloat score+no. of animals x no. of grazing perieds).

The forage samples were further analyzed for H, P, Ca, X and for respir-
atory-inhibiting activity. The levels of these constituents were
approximately equal in the forages from the two pastures and did not
vary with the bleat index of the forage.

sustained Prevention of Bloat by Antibiotics Fed in Rotation or in
Combination +« R. H. Johnson, P, A. Hartman, L. R. Brown, H. H. Van
Hdrn, Jr. and M. L. Jacobhson, Jowa State University, Ames

During the 1999 pasture season, 45 dairy and beef cattle {average in-
itial weight, 639 1b.) were utilized for grazing trials, Six were fis-
tulated steers. Following a preliminary test period in early May, the
animals were divided intc three groups of approximately equal bloat
potential by blocking on total bloat scores. Two of the groups then
received antibiotics while the third served as a control. The alfalfa
pasture caused much sericus bloat from May until early Augusiithereafter
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Incidence and severity of blost 7ecreassd noticesbly. ALl animsls grazed
together twice daily, from 7 te 10 a.m. and from 4 to 7 p.m. Before
ograzing, rach treatment group received antibiotics mixed with ground
grain ?in the p.m. only) or grain alone at the rate of l% lb. of total
mixture per animal. Bloat severity was observed continucusly during
grazing periods and for a time afterward; evaluation was visual using

the scale described previously (J. Animal Sci., 17: 374, 1958). Experi-
mental periods were not fixed; each antibiotic was fed until it was
proven ineffective, or, if initially effective, until the incidence

of serious cases of bloat indicated the development of resistance.
Seripus cases of bloat were treated with an emulsified soybean oil pre-
pared especially for the purpose; in 94 cases scored 3 or higher, relief
was prompt when 100-400 ml. of this product was administered intraru-
minally. HResults were best at the higher levels. One animal died during
treatment.

Penicillin and erythromycin fed in combination controlled bloat more
effectively and for & longer period of time than did the same antibio-
tics fed in rotation; control was very good for 26 days in one trisl, 23
days in another. Ceonsiderable preventive effect was obtained using the
combinations after these periods of maximum effectiveness, but serious
cases were beginning to occur. With regard to duration of effectiveness
when fed individually (in rotations), penicillin (35 mg.) and erythro-
mycin {70 mg.) controlled bloat the longest {about 10 days). Tylosin
{105 mg.) was effective about as long but bloat was decreasing toward
the end and this may have obscured the true effect of the tylosin.
Chloramphenicol (140 mg.) was effective about 7 days during a period

of less serious bloat. MNevobiocin {70 mg.) was sffective for approxi-
mately 4 days. Oxytetracycline {140 mg.) reduced bloat substantially
for about 4 days, and was less effective thereafter. MNeomycin (70 mg.)
sepmed to reduce bloat under some circumstances, but the results were
variable and difficult to interpret. Spontin (210 mg.) msy have re-
duced bloat somewhat. Vancomycin (70 mg.) apparently promoted bloat.

It has to be recognized that order of feeding may have affected the
effectiveness of individual antibiotics considerably.

Hesults indicate that the problem of diminiching effectiveness of anti-
biotics can be aveided by feeding the proper ones in combinations or in
rotaticns. Further work must be done to establish the most effective
combinations, appropriste sequences and proper leveis. Other antibiotics
should be investigated for use in combinations, rotaticns or possibly

in rotations of comhinations. Development of water-soluble, stable

forms ¢f the antikiotics offers promisze as an alternative method of
administration.
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Bleat Susceptibility of Individual Daipy Cattle -
V. E. Mendel, D. A. Yarns and J. M. Boda, University of California,Davis

It has been noted by several workers that some animals fed a bloat-
producing feed are more prone to bloat than others. One report showed
that the propensity to blost is an inherited characteristic in cattle.
These observations suggest that some factors are contributed by the
animal in determining the development of acute bloat.

In the summer of 1958, 13 head of dry dairy cows were placed on experiment.
The cows were housed and fed in individual pens throughout the experimental
period of 3% days. They received freshly chopped alfalfa tops ad libjitum
for 1 # hour periods in the morning and afternocon. Feed consumption

was measured at the conclusicn of each feedina period. Thirty minutes
after the commencement of feeding tympanometer readings were made. This

was continued at 15-minute intervals until all animals had attained a
maximum intra-rumen pressure and returned to near normal pressures.

At the conclusion of these trials, it was noted that several animals had
consistently bloated while others had shown little or no tendency to
bloat. In order to ascertain the permanency of these bleating character-
istics, the 1958 trisls were repeated in the spring of 1959 with eight

of the same cows. Four additional a2nimals were also included in these
trials.

During the course of these studies, it wads observed that certain animals
would reduce their feed intake to low levels after having experienced
severe bloat a few times. That is, they would stop eating as soon as

the intra-rumen pressure had reached levels of spproximately & to 8 mm.

Hyg. As a consequence, such animzls failed to bloat, although from

earlier performances it would appear that they had good bloating potential.
In order to more accurately evaluate the bloat potential of individual
animals, an equation was developed to give a value termed bloat index.
Factors in the equation include tympanometér readings and feed con-
sumption.

The application of the procedure to each observation made on an animal
gives a ¢lear picture of that animal's tendency to bloat. The results
show that some animals are quite consistent bloasters over a relatively
long period of time, i.e., 35 days. For example, cow # 37 bloated well
for three consecutive years as determined by the large percentage of times
bloated, the high maximum intra-ruminal pressure attained and the large,
positive bloat index. On the other hand, some animals are equally as
consistent 3as non-bloaters.

0Of possibly greater interest than either the consistent bleater or nen-
bloater is the anmimal which reverses its bloat susceptibility from time
to time. These reversals emphasize the necessity for carefully controlled
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bloat characterization trials conducted for reasonably long periods ef
time when selecting hloating and non-blecating animals for studies on
animal factors. Nol only do these reversals in bloat susceptibility
point out wide wvariations in the bloating potential of certain animals,
they also complicate the interpretation’ of how animal factors influence
the development of bloat. A number of such factors or combination of
factors have been proposed as contributing te the development of bloat,
£.3., salivary production, rumen motility, microbial slime producticn,
etc. It is evident that any proposed animal factor or combination of
factors must explain the bleating and non-bleoating conditicn as well as
the reversal from one condition to the other within the same animsl.

h uen at i al
[hres Yarieties of White Clover - J. E. Johnston, G. A. Hindery and

L. E. Foote, Leuisiana Agricultural Experiment Station, Baton Rouge

These studies were conducted in an effort to determine whether there were
breed differences in bloat frequency or differences in the tendency of
animals to bloat on various varieties of white clover. A study of
climatic factors which might be responsible for day to day wvariations

in frequency of bloat was conducted concurrently.

An area of approximately 22 acres of Mississippl River hottomland was
divided into three plots and seeded to Common White Dutch, Louisiana 5-1
White and Ladino clovers during the fall of 1958. On April 1, 1959, 46
head of cattle were placed on the srea. They consisted of: 15 aged Brahma
cows; 10 aged Angus cows; 4 aged Hereford cowsi 9 yearling Hereford steers;
7 two-year-old dairy heifers (5 Holstein, 2 Jersey) and 1 fistulated
Holstein cow. Aged cows were B-9 years old. On April 24 the cattle were
divided into three groups so thet breed and sne arcups were represented
nearly equally in each group. Tendency to blost was not considered in

the division. During the period from April 24th tec May 20th one group

was grazed on each of the varieties of clover. Animals were rotated among
groups during the study. Puring the period from WMay 28 to June 1E the
Hereford, Angus and Brahme cows were replaced by s breeding herd of 28
Hereford cowrs and one bull. During the second period the cattle were
grazed on wvarieties of c¢lover as qrowth permitted.

Cattle were permitted to graze two hours each morning and two hours egach
afterncon. They were observed during & one to two hour period feollowing
removal from the clover and incidence of bloat recorded on a 0-4 scale,
Frequency of blcat was computed as the percentage which the cases of
bloat observed were of the total possible cases.
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The percentage frequencies of bloat observed on the Ladine, La. S-1
¥hite and Common ¥White Clovers were 70, 62 and 62 respectively. The
frequency during the peried of study was significantly higher on the
Ladino than on the other clovers. This may have been associated with
the rate of growth and reproductive status of the clovers since the
Ladino produced considerably more forage than the others and displayed
very few seed heads during this peried. The other clovers were well
seeded cut throughout the study.

The percentage frequencies of bloat observed in Erahma, Angus and Here-
ford cows, Hereford steers and dairy cafttle were 45, 74, 68, 51 and 6l
respectively. The Brahma cows showed significantly less bleat than all
others except the Hereford steers which showed significantly less bloat
than the Angus or Hereford cows. It should be noted, however, that
despite the lower frequencies in Brahma cows and Hereford steers two of
each of these groups of animals died of bloat during the study while no
losses were experienced in the other groups. The percentage frequency
of bloat in 2ll groups was 54% in the morning and 60% in the afterncon.
This difference was not statistically significant.

It would appear that while differences among clovers and animal groups
in frequency of bloat were cbserved the frequency was high enough in all
animal groups and on each clover to satisfy experimental requirements.
Thus if clover is in the proper stage for induction of bloat any type
of cattle may be used as experimental animals without prior screening.

Daily maximum and minimum air temperatures, sclar radiation and rainfall
were plotted against frequency of blcoat during the perioeds April 21 -
May 20 and May 28 - June 17 in an effort to identify changes in one or
more of these climatic variables with frequency of blecat. During the
period from April 23 - April 27 a rise in minimum air temperature from
42 to 70° F, was associated with an increase in frequency of bloat from
15.6 to 95.6 ¥. Maximum air temperature increased simultaneously from
74 to 839 F. It is quite probable that growth rate of the clover in-
creaced during this period and was responsible for the increase in bloat
frequency. Except for this one instance variations in climatic condi-
tions did not appear to show consistent relationships to bleat frequency.
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Rumen Metaboljem ¢f Mazuzal .'nd Rojdicartive Lpids -
R. S. Ailan, F. D. Hill, E. . Hasmond and N. L. Jaichson, lowa State
Univergqity , Ames

1131 - tagged soybean oil {about 1 mc/trial) was poured into the rumen

of a steer via a fistula {trial:; 1 and 2) or fed with concen*rate {trials
3, 4 and 5). Sauples of rumen ingesta were tiken ai intervals during

the first 24 hcure; camrles of venous bleod and of freshly voided feces
wer2 obtained &t varigue times for 7 days. Rumen ingecsta samples and
selected 5lood and fecal samples were fracticnated to permit measurement
of 1131 activity in neutral fats, fatty acids and iodides, Total I3l
activity was determined in 2ll blood and fecal samples. Poor distribution
of radicaciivity in ruren ingesta resulted when labeled o0il was admin-
istered via fictula, hut oral irnestion gave good distribution. 1131
activity in runen neutrdl fats decliped sharply; less than half the
original activity remained after 4 hours in most trials. Deiodination

of the tagged oil was sigaificant. Very little I131 was found in the
fatty acids fraction. In trials 4 and 5 where alfalfa soilage was the
major feed, marimrn 113 activity occurred at 18-24 hours in the blood
and at 32 heurs in the feces. Virtually no lipid I 1 appeared in the
blood, and cnly traces were found in the feces. In vitro experiments
with 1131 - lsheled soybean o0il confirmed the in vivo okbservations and
furthexr suggested that hydrolysis of tiiglycerldes was not extensive.

Additienzl in wi:irp studies, employing unlabeled lipids, were performed
to astimate the extent of Lydrolysis in rimen ingesta. Hydrolysis

tended to reach a maximum at chout 24 hours in most trials. In various
24-hour trials hedrolysis of soviean oil (1 g./100 ml  inoesta) ranged
from 18 to 43 ¥ «ith normil inc:sla and war ncg-*7ve with Lheated or the
supernaiant frociicn of centrifvo-d Ingesta. At n* 5.3, lard oil

hye solysis was 2ssentially the sans as toat for coiaan oil. OL1 present
in soybean flalos was hudrrlyzed to @ lester extent thin crude scybean

oil. lard oil hydrolysis was influenced in markedly different fashion

by pH than was that {for soybean cil. Tre extent of hydrolysis of soybean
o.l vas zffected by th2 time at which ingesta sampirs were collected;
minimum values were ohserved after th2 rurnine arizing period. Oleic-1-Cl4
acid was iwcorporated inty neutral fat to 2 Iimised exient (10Y) by rumen
ingesta, vaile a sigrnificert amount (57)of the rajioactivity wes found

as non-lipid,



Physiological Studies of Blost: wethodelogy and 4 Preliminary Reporg
on the Secretion of Salive - V. k. iendel, D. A. Yarns, J. M. Boda and
T. N. Wegner, University o¢f California, Davis

Studies have been conducted in an effort to determine the differences
between klozt-susceptible and nen-susceptible dairy cows. Equipment re-
quired by these studies has been develaped.

Six cows were selected for these trials from a group of 17 cattle charac-
terized previoucly as to their bleoat susceptibility. Four were classi-
fied as coneistent bloaters and two a¢ non-bloaters,

The animals were prepared with 4-inch rumimal fistulas and immedistely
fitted with semi-preumatic rubber plugs. Fistulation was carried out by
a modification of Schnautz's method (1957, Am. J. Vet. Res. -18:65-73).
This modification produces 3 very uniform fistula which, upon healina,
fits the plug well.

The semi-pneumatic plugs employed are a modificstion of Balch's plug
{1948, Vet. Rec. 60:446). They differ by being of one piece rather than
two, are made of different types of rubber and are fabricated on the
campus rather than commercially. A wvulcanizer was developed for the
fabrication. These plug: have heen found to have many advantages; that
is, they do not stretch the fistula since they are guite light and
flexible, they dc nat fall out of the animal under most conditions, leak-
age of ingestz is minimized, and they can be fabricated easily.

A fully bneumatic fistula plug was alsc developed for use in rumen
motility and gas production trials. This plug was fabricated with th:
above-mentioned vulcanizer.

After fistulation, & 4l-day pilot trial was conducted on a fresh alfalfa-
top ration in an effort to determine some differences between the bloat-
susceptible and non-susceptiole cows. The following factors were con-
sidered:
l. Rumen motility
2. Gas production
3. Ingesta
&) liitregen fractions
k) lucoprotein
C) Buffering capacity
d)} Dry matter
e) I.V.I.
4. Salivary secretion
2) Resting rate
b) Feeding rate
¢) Composition
ater consumption

ir
.



Fumen motility was recorded on a kymograph by placing balloons, attaches
to appropriate tambours, in various areas of the reticulo=-rumen. The
balloons were made frem o-inch sections of bicycle tire tuhes, partially
filled with lead strips to prevent them from shifting ta other areas of
the reticulo-rumen. Highly satisfactory tracings were obtained by this
method. An apparatus was developed for the purpose of recording eructa-
tions. This consisted of a contact microphone strapped to the throat,
the signal being fed through an audio amplifier. This enables one to
hear the passage of gas as it is eructated, thereby making it possible
to distinguish those eructation contractions which result in the ex-
pulsion of gas from those which do not.

Methods of gas collection were those previously employed at this station
(Cole, H.H. et al., Calif. Agr. Exp. Sta. Bul. 662, 1942) and the methods
employed in the ingesta studies were standard methods &s reported in

the literature.

Concurrent with the pilet trial a group from the Department of Bacter-
iology, under the supervicion of Dr. R. E. Hungate, investigated various
microbial factors.

The results from the pilet trial indicated that differences in salivary
production offered the most promise for further investigation; therefore,
salivary rates and composition as well as various ingesta liquid-solid
relationships were investigated in later trials.

Saliva was collected each day from a bloater and a2 non-bloater, following
an 18-hour fast. All animals were kept on a constant intake of 70 1lb.
green~chop per day. The rumens were evacuated to facilifate collection.
A latex rubber cannula was designed for the purpose of collecting
resting saliva (fasting saliva) from the cardiac orifice, the collection
being carried out with 3 very low vacuum which was regulated by 2 vent
in the cannula. Collection time was of 20 minutes duration. To elim-
inate the effect of stimulation produced by insertion of the cannula,
the saliva collected during the first 10 minutes of the ceollection
period was discarded. All "resting salivary" data is therefore based
on the second 10-minute portion of the collection period.

“"Feeding saliva™ was then measured by feeding four 5680-gm. portions uf
green~chop. Each 500-gm. allotment was caught in 2 rubber bag. The
weight of the coentents of the bag less the 500-gm. green-chop fed re-
presents the amount of saliva produced. The time from the commencement
of eating until the last bolus was swallowed, from each 500~gm. feed
allotment, represents the time of salivary secretion.

Since there may be differences in salivary flow rates with time in thes-
two kinds of cows, 3 20-minute feeding period was employed durina which



- 37 -

the animals were fed ad libitum; feed consumpfion was aeasured. A
second "feeding saliva'' collection period was carried cut at this time.

These results demonstrate that the rate of salivary flow was greater
in the non-bloat-susceptible cows than in the susceptible cows,

New Information on_the use of the '"'Isolated Rumen'' and on Saliva Se-
cretion Studies - K. M. Cunningham, Canada Experiment Farm, Nappan,
Nova Scotia

The apparatus for temporarily "isolating" the reticulo-rumen of fis-
tulated steers (Can. J. An. 5ci. 38384, 1958) has been further iested
and modified. The plug may be made to form a tighter seal with less
inflation by using two layers of rubpber tubing and dividing only the
iuner layer into two chambers, When inflated, the plug takes the shape
of an hourglass with the outer layer expanding enough at the center to
tightly seal the orifice. Preliminary six-hour trizls with the “isolated
rumen' show that losses of the proximate components of the ingesta ars
greatest when animals have been fed hay and grain, moderate when fed

hay only, and negligible when fasted for lt hours. Chromic oxide,
placed in the rumen the day prior to a test does not uix in well enough
with the ingesta to serve as an sccurate indicator., Traces of chromice
oxide in wet feces may be vapidly detected by fusing a sample in a Parry
oxygen bomb with ethylene glycol and observing 2 green tint in the small
beads of ash.

Saliva secretion rate was two to four time higher during the first hour
than in the sixth hour of collection. The high initial secretion rate

occurred regardless of whether the steer had Leen fed or fasted, indi-

cating that it may have been stimlated by the collection apparatus.

Acetic acid preduced twice as much froth when added to rumen juice
obtained befare the morming feeding than with juice obtained four hours
after feeding. Juice obtained before feeding had approximately the
same pH as that obtzined after feeding but required 257 more HCl to
lower the pH to 6.

Some Aspects of Abomasal Physiology -
Kenneth Hill, Institute of Animal Physiology, Babraham, England

The abomasum is the true secretory part of the ruminant stomach. 1In
the fetal lamb peptic cells containing pepsinogen granulass are present
in the mucoss from roughly half term and gradually increase in number
up to birth. Pepsin can be aemonstrated in the fetal abomasal contents
hut it is in the ipactive or pepsinogen form because the pH of the
abomasal contents i: close to neutrality. There are practically no
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acid secreting cells during fetal 1ife, in fact it is not until the

first 24 hours of life that parietal (acid secreting) cells are scen

in any number, Conditions for peptic digesiion are not optimal uncil

36 hours zfter birth wiea the pH of cthe abomasal contents drops to

about 3.0. There is a close correlation between the onset of gastric
proteclytic activity and the period when immune globulins are absorbed.
This allows the colostral globulins to pass through the stomach unhamed
so that they can enter the intestine where they are absorbed,

In ruminsnts the secrstion of gastric juice is zmore or less continuous,
however, the gastric ;. oands do nort possess the property of spontraneous
secTokion, since the secretion of acid gastric juice ceases when ingesta
is removed from all four compartments of the ruminant stomach. The
cephalic phase of pastric secretion is absent in sheep. Feeding sheep
for only a short period each day will increace gastric secrction. This
may be due to the increase in motility of the rciiculo-rumen with an
increased flow of incesta into the abom2zum. The main factor responsible
far stimulating gastric secretion is the constount passage of ingesta
through the abomasum with the resultant stimulatiom of the pyloric phaze
of secretion.

Volacile facty acid concentration has a marked influence on gastric
secretion. As their concentration increases gastric secretion is
stimulated. Of the three main V.F.A., acetic acid caused the greatest
secretory resporse. The total volume of gastric juice secreted by the
abomasum of a 50 Kg. sheep has been esticated to be o liters in a 25-
hour pericd. The total zastric secretion of a two-year old heifer has
been estimated to be about 20 liters daily.

Lirtle information is available on the time digesta remains in the
abomasum or how much digestion oceurs in this compartment. Disintegra-
tion of protozoa and bacteria smust occur in the abomasum, but there is
little or no cultural work on the abomasal contents,

Bloat Versus No Bloat in Identical Twin Cows Fed Tdentical Rations-
R. 5. Emery, C. K. Smith, C. W. Duncan, and H. M. Sell, Michigan State

University, East lansing

Smith =t al. (1953) reported that frothy bloat could be produced by
feeding 16 lb. of a prain mixture and 4 lb. of unground alfalfa hay. It
has since been found that a ration consisting of equal amounts of this
grain mixture and hay would sustain the frothing condition once it

had been initiated, but swuld seldowm initiate frothy bleat in a normal
cow. This fact permitted studying the composition of the rumen liquid
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from bloated and non-bloated cows independent cf ration effects. During
a2 3 week preliminary period 1 member of each of 2 pairs of identical
twins was assigned to & ration consisting of 16 lb. of the grain mixture
of Smith et al. {1953) plus 4 lb. hay while the other member of each
pair of twins was given a ration of 20 1lbh. of hay. The ration of all
cows was then changad to 10 lb. of the grain mixture plus 10 lb. of

hay for a 2 week period at the end of which samples of rumen liquid
were taken via rumen fistulae equipped with plastic cannulae. The cows
which had previously received the high grain ration were bleating
regularly st this time. The liquid was clarified by centrifuging for
30 minytes at 15,000 R.P.M. on a Servall centrifuge. The short c¢hain
fatty acids, pH,sodium, potassium, and ammonia were determined in

the clarified liquid. The short chain fatiy acids for twins 1 and 2
were determined at 8 intervals relative to feeding. The samples from
twins 25 and 26 were taken six hours after feeding. The other deter-
minations were carried out on the dry matter prepared by concentrating
the ligquid at reduced pressure at 6959 followed by freeze-drying. The
extractive and carbohydrates were determined by the method of Lagowski
et al. (1958). The lipide and nitrogenous components seemed te occur
in higher concentrations in the rumen liquid from the bloated cows.

The pH wac lower in the bloated cows. It has zlso been observed by
Phelps {1958) that 2 larger amount of magnesium ammonium phosphate con-
taining precipitate could be isclated from the rumen liguid of T-26
{bloated) than from T-25(non-bloated). The role these differences in
chemical composition play in the eticlogy of bloat remains to be de-
termined.
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