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Participants in Conference on Rumen Function
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Renort of Conference

Attached is a copy of the notes of the fourth Conference cn
Rumen Fvnction, held at the Maryland Hotel, Chicago, Illinois,
on December 4-5, 1957, and a list of persons in attendance
during the two-day meeting.

The Conference convened st 9:30 AM on December k, 1957,

The chairmen of the various peanels are to be complimented
for their part in arranging & most interesting program, The
speakers also are to be commended for the excellence of

the material presented, At the close of this Conference

it was agreed that & similar conference should be held in
1959, and that the same approxlmate time and place for the
conference was gatisfactory. It was alsc egreed that the
seme panel chairmen shouwld be continued, or that they
arrange for a successor.

Attachment
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CONFERENCE ON RUMEN FUNCTTON

held at

Maryland Hotel, Chicago, Iliinols

December L-5, 1957

The following persons were in attendance during the two-day meeting:
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For the purposes of dizcussion, the program was divided into panels.
The identification of the panels and the chairman of each was as
follows:

{2) Animal Management - Ir. H. H. Cole

Eb) Agronomic - Dr. J. K. Scholl

¢) Rumen Physiolcgy - Dr. C. F. Buffmen
(d) Microbiology - Dr. W, D. Pounden
(e} Physio-Pathology - Dr. R. W. Dougherty

ANIMAL MANAGEMENT PANEL

Froth Production and Incidences of Bloat When Fistulested and Normal Cattle
are Grazed on Ladino Clover with Different Qrszing Routines - W. E. Thoumas,
North Carolina Agricultural Experiment Station

During the bloating sesscns of 1950 and 1957 there howe been considerable
losses frem bloat in North Carolina in the coastal areas. PRumen fistu-
lated cows were hauled to some of the farms vhen losses were cccurring
and the rumen contents studied under these severe bloating conditicns.
The most satisfactory measure of the blosting hazard was to weigh 2 pint
of rumen contents and if the specific gravity was down to epproximately
0.60 the normal cows in the herd were in denger.

The degree of bleat in the noymel cows and the froth production s measured
by specific gravity of rumen contents of fistulated cows were remarkedly
consistent. If the cattle were turned to good pasture hungry there wes
rapid grazing of clover for 30 to 45 minutes and then a search for grass
or briers in hedgerows wes underway. Bloating would be at its worst about
45 minutes later or approximately 1-1/2 hours after first being turned to
pasture. Il the cattle were teased with some 10 minute grazing periods
before being permitted to eat what they wanted the froth production and
bloating incldence were not great. Hay feeding was not effective in pre-
venting the initial rapid froth production.

One LCO acre area of Ladino clover was maneged with the idea that if
approximately 2C0 cattle were confined to just 25 scres the feed supply
would be so scarce that bloating would be controlled, Eight animals died
with this system even when salt-penicillin was available fresh free choice.
This area was very fertile and molsture abundant but the water contained
scme sodium chloride,

Relationship of Plant Compogiticn, Weather, and Prophylactic Measures
to Intensity of Alfalfs Bloat ~ R, H. Johnson, L. R. Browmn, N, L. Jaccbeon,
R. 5, Allen, and P. G, Homeyer, Iows State College

In one series of trials, 3C ateers (av. initisl wt. 550 1b,) grazed
alfalfa pasture of high bloat-producing potential. Animasis grazed for
3=1/2 hrs. daily during each of two pericds, one in the Al and one in
the M. Immedlately preceding grazing, all groups received equal amcunts
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of grain or grain mixed with preventive., During and for several hours
after each grazing period the animals were under constant observation.
Preceding each trial animels were ranked by bloat susceptibility end
randomly divided into three grouns of spproximately equal numbers and
bloating potential., Body weights were taken at the beginning and com-
pletion of each trial. Elcat was greatly reduced by (1) soybean oil
(0.25-0,53 1b. per head) in each feeding of grain, (2} lard oil, a water
dispersible lard derivative, (0.25 1b.) in grain, (3) lard oil (2%) 1in
the drinking water, end (4) lecithin (0.19-0.27 lb.) plus lard oil or
soytean oil (0.05-~0.09 1b.) in grain, The effect was very marked for
3-4 bours after treatment; thereafter the effect diminished rapidly at
low dosage levels but more slowly at higher levels, Penieillin (75 mg.
ver head per day) reduced bleat sharply for 9 days but subsequently bloat
Increased o the level of the controls. Increasing the level of penieillin
to 125 mg. agaln depressed bloat but the effect subsided after 2 days.

Taily gains of the animals recelving the varicus oil treatments were 0,07
to C.T5 lb. greater than the respective controls, Daily pgains of animals
fed penicillin were somewhat greater than the controls,

When snimsls bloated severely an attampt wes made to release any free gas
with a stcmach tube. This was usually unsuccessful; then 150-250 ml, of
lard oil was introduced into the rumen by stomach ttbe. Soon after admin-
istration of the oil large quantities of gas were released from the rumen
via stomach tube and/or eructation. In most instances, relief frem the
critical stage occurred within a few minutes, and complete recovery within
an hour,

In a second series of trials, 22 dairy animals, varying in size, sex and
breed were divided into two comparable groups, confined to dry lot, and
fed alfalfs soilage ad 1lib. Obeervations of bloat were taken at least
hourly after feeding the soilage. All animals were weighed at weekly
intervals, and the treated and control groups were altermated every two
vegks. Crude soybean ¢il sprinkled daily over the soilage at the rate

of 0.25 1b. per ICCC 1b. body weight of animsl effectively controlled
bloat. Administration of n-deeyl aleochol, 18 ml. per 10C0 1b, body weight
of enimal daily, reduced bloat but the effect was of too short duration
for satisfactory prophylaxis,

The same procedure was followed in treating severe cases of hloat, except
that the agent vsed was n-decyl alcohol administered in approximately

25 ml. dosesz by stomach tube or intraruminally by hypodermic needle.
Decyl aslcohol caused a prompt reduction in bloet, but the effect lasted
for only about 2 bhours.

Fumen ingesta samples were taken at regular intervels from sll animsls via
stomaeh tube, end prepared for anmlysis by straining through 4 lasyers of
theese cloth., Surfarce tension was determined by & ring-type tensiometer.
Fifty ml. of ipgesta was placed in a Waring Rlendor and agitated for 2
minutes; the jncrease in volume was considered to be foam volume, and the
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amount of foam remaining at the end of one hour was considered as the
foam stability, To determine ingesta volume increase (I,V.1,), an addi-
tional 50 ml, of ingesta wasz incubated in a 100 ml. graduasted cylinder
at 37°C. for 2 hours, Ammonia was determined by an meration technique.

Rumen ingesta samples which hed high surface tension, I,V,X, end ammonia
values were associated with high bloat severity. Foam volume and foam
stability as measured in this experiment did not seem to be associated
with bloat severity. Treatments that were effective in reducing hloat
severity reduced surface tension considerably, reduced I.V.I. somevhat
and either slightly reduced or did not affect rumen ammonia.,

Forage sarples were taken twice weekly from the pasture forage and from

the soilage by random sampling technigues. Samples were immediately frozen
and held in that state until esnalyzed for dry matter, total protein, non-
Protein nitrogen, amino nitrogen, reducing sugars, phosphorus and ash.
Forage high in moisture and high in phosphorus was zssoclated with high
bloat severity. No other relationships between forage composition and
bloat were spparent.

Weather observations (including temperature, relative humidity, rainfall,
cloudiness, wind velocity and moisture on the forage) were tsken daily at
5 AM end G PM, Bloat severity was less on rainy days and incressed 1-2
days following significant rainfall: On hot days bloet severity was less;
otherwise, there was little or no relationship between weather obsarvations
and bloat severity.

The Influence of Tallow on the Incidence and Severity of Cettle Bloat -
E. S. Ervin, C, B, Roubicek, L. Rosenblatt, and F. Pritchard, University
of Arizona

Because fat provides energy for the animal as well as being a possible
bloat prophylactic, a tellow supplement was fed to steers to test its
Fossible benefit., Pifty-nine yearling steers were randomily allotted to
ten pens and fed fresh field-chopped alfalfa ad lib., twice daily through-
out the experimentel phases. During Phase A (35 days) four, four end
two randomly gelected pens of steers were fed twice daily & berley, fat,
and cotton gin trash supplgment. While the fat and barley supplement was
fed at the rate of 0.9 1b./100 lbs. body weight, the smount of gin trash
fed was the game in all groups.

The amount of supplement was incressed from 0.9 to 1.5 1b,/100 1bs, body
weight in two of the four pens fed the fat and barley supplements during
Phase B (5C days); the remeining treatments were unchanged.

The bloat observations were made on 8l gnimals during the daylight hours
only. Since bloat varies in degree of severity, an index 1, 2, 3 and k
was established; 1 being mild bloat and 4 being death resultinz from bloat.
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The maximum bloat period commenced with the last week of Phase A and con-
tinued throughout Phase B, Of the 273 cases of bloet cbgerved during
Phase A, 41.3, 35.9, and 22.8 percent of the bloat (based on steer days;
vere attributed to gin trash, berley, and fat supplemented groups of
steers respectively, However, the severity of bloat wae slightly
greater in those animsls supplemented with tallow,

During Phase B (56 days) 573 cases of bloat were cbserved, The incidence
of bloat was markedly less in those steers supplemented with tallow. In
addition, the few cases of bloat that were observed in the talliow fcd
animals were largely of a mild type.

rrevention of Bloat on Alfalfa Tops with Animal and Vegetable Fats,
J. M. Boda and Thowmas Wegner, University of California

A s2ries of trials have been conducted to study the effectiveness of added
vegetable oll and of supplemental concentrates conteining animal talliows
ia preventing bloat in dairy cottle fed freshly harvested alfalfa tops.

Effect of Added Vegetable 01l - Eight cows, selected for bloat suscepti-
bility; were fed fresh alfalfa tops ad lib. for a 2-hour pericd at 8 AM
and again at 1 PM. The alfalfa tops were harvested in the pre-blcom stag:
of maturity at spproximately 7 AM each morning. At the end of each 2-hour
feeding period, alfalfs consumptior was determined for each animal, Thirty
minutes after the stert of each period and at 15-minute intervals there-
aftter, until intrarumen gas pressure returned to the pre-feeding levels,
the degree of bloat was estimated with a tympanometer with the rumen
relaxed. After & L-day preliminery period, the enimals had attained a
fairly stable alfalfs intske and moderate to severe blegt was observed

in most of the animals. They were divided randomly into two grouwms. AT
the morning feeding period; one group received fresh a2lialfe containing
vegetable oll {Wesson) added at the rate of 1 ml. per pound of fresh alfalfa,
The other group served az controls. 0il was not given at the afternoon
Teeding period to either group: This procedure wos followed to allow the
disappearasnce of any residual effect of the oil by the subsequent morning
and to determine if the effect of the oll on bleat would carry over to ihe
afternoon period, The following morning, the two groups were reversed,
the second group receiving oil, the first group serving as contrcls. Thi=s
reversal procedure was continued for U days.

It was found that the addition of oil to the alfeifa a®l the morning feed-
ing period prevented bloat at that period. The sverage, maximal, intra-
rimen, gas pressure atiained irn the cattle receiving oll wag approximately
1 mm. Hg. above atmospheric pressure. In the control cattle, the average
pressure was 27 mm, Hg. In one c¢ase, vhen the intrarumen pressure reached
50 m. Hg., the snimal was trsated effectively by intrndueing {via stomach
tube) 100 ml, of vegetable oil into the rumen.

There was little difference in average alfaifa coasumpiicn, at the morning
feeding period, between the animals receiving oil =ni the coatrols, The
average consumption in the afternoon was the saze for bolll groups. Thare



appeared to be little residual effect of the ¢il in preventing bloat

at the afternoon feeding period although oloat in all aniwals was much
less severe in the afterncon. The everage pressure attained in the ani-
mals vhich had received oil in the morning was 11 mn. Hg., as coopared
with 1k mm, Hg. for the controls. No explanation can be given for the
marked reduction of the severity of blost in ell animals in the afier-
noon as compared with the morning periods. wilting of the alfalfa was
slipght and alfaifa consumption npearly the same at both periods.

Effect of Supplemental Concentrates Containing Animel Tallows - Two types
of animal tallow were used in these trials, commercial yellow grease with

a titer of approximately 35°C and fancy bleachable tallow with a titer of
41,5°C. sSaponification value of both tallows was 196, The experimental
plan was similar to that outlined above except that the tallows were 1ln-
corporated into a concentrate mixture consisting of 9 paris ground barley
and 1 part dried beet pulp. The concentrete mixtures were fed approximately
15 minutes preceding the morning feeding period of alfalfa. Control animals
received an eguivalent amount of concentrates., Concentrates were not given
at the afternoon feeding period to either group. The concentrate intake
per animal varied from 2 to 5 lb., the smount of tallow added to the con-
centrate from 2 to 10%. Reversal type trials were conducted at each level
of concentrates and added tallow, The number of morning observations at
each level varied from 9 to 28, Control observations were equivalent in
number.

Tallow intakes exceeding 0.08 lb. per enimal, regardless of the type of
tallow, completely prevented bloat at the morning feeding pericd., A few
mild cases of bloat were observed in animals receiving 0,00 1lb, and one
case of severe and severasl cases of moderate bloat cccurred in cattle
receiving 0.0k 1b, yellov grease. Statistically highly significant in-
creases of alfalfa consumption at the morning feeding perliods were associ-
ated with the prevention of bloat by the tallow. The average elfalfa con-
sunption by the tallow fed animals was 39 lb. compared with 27 1b, for

the controls, The average alfalfa consumption by the animals recelving
yellow grease at levels greater than 0,04 1b, per head, was 39 1lb, compared
with 34 1b, by the controls, a difference which was statistically signifi-
cant at the 5% level,

The effect of the tallows on bleoat and alfalfa consumption, even at tallow
intakes of 0.5 1b., per head, did not carry over to the afternoon feeding
period to eny appreciable extent. The average intrarumen pressures of

the animal which had received fancy tallow at the moming feeding period
wag 1O mm. Hg. The averapge control pressure was 13 mm:. Hg. Even though
the difference between these means wes statistically significant, there
vere a numbey of moderate cases of bloat in both groups and it is doubtful
if the difference is of prectical iwrportance. In the animals receilving
yellow gressze in the morning, there was no resicual effect of the oil in
the aftermoon. Both the tallow fed and control groups had average intra-
rumen pressures of 12 mm. Hg. above atmospheric pressure,
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These data demonstrate that the use of animal and vegeteble fats will
effectively prevent bloat, at least for a limited period of time after
administration, in cattle fed freshly harvested alfalfa, The warked in-
crease of alfalfa consumption assoéiated with the preveantion of bloat by
snimal tallow is of cbvious practical importance. In menegement operations
where freshly harvested lepumes are fed and where the fats can be added
directly to the fresh material or be fed with supplemented concentrates,
these findings have direct application. However, because of the briefl
residual effect of these fats in preventing blcat, & pericd of less than
four hours after administration, their use under pasture conditicps is
limited, unless methods are available for feeding the fats pericdically
through the day.

Continuous Feeding of a Salt-Penicillin Mixture to Steers Grazing Ladino
Clover - B. F. Barrentine, C, B, Shawver and L, W, Williams, Mississippi
State College

Faddoelts of Ledino were used In this study. Steers grazed these paddecks
for 90 minutes morning and afternocon and hetween grazing periodas, the
steers wers lept in ary-lot with shade and water but no feed; Nine steers
which bloated regularly under this program were selected for this study.
The selected steers bloated 100% of the time the day preceding starting
the penicillin-salt feeding,

The penicillin-~salt mixture contained 0,175% procaine penicillin which
was approximately 50 mg. of procaine penicillin per ounce of salt. The
penicillin-salt mixture was offered free-choice to the steers while they
were in the dry-lot for a period of 28 days. Since there were 9 steers
grazing twice daily the maximmm number of bloat ceses that could occcur
was 18. As previously stated, there were 18 cases of bloat in this group
of steers the dey preceding the penicillin-salt feeding., On the first
day of treatment there were 3 cases of bloat. Bloat varied from 3 to 6
cases until the 10th and 11lth day at which time only 1 case of bloat
cccurred each day. There was a gradual increase in the cases of bloat
until the 15th day at which time 9 cases of bloat occurred. Bloat de-
creased again until feeding was stopped and there was a rapid increase
of bloat, On the 6th day after stopping the penicillin-salt feeding,
there were 12 cases of bloat and one steer died and another required
treatment. The study was discontinued at this point. Penicillin-salt
consumption was high, averaging sbout 5 oz. per steer per day.

The incidence of bloat was atout 28% during the 28-day peried., It is
estimated that the incidence of blost would have been about 90% without
penicillin-salt treatment,
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Feeding Pepicillin for Control of Bloat in Grezing Cattle and Its Effect
on Milk Production, R. S, Emery, C, K., Smith, snd C. F, Huffmen, Michigan
State University

The occurrence of bloat was followed on 20 farms in four counties for 150
days (May 12 to Qect. 8, 1957). The trial includes a total of 110,790 cow
days or an average of 739 cows for 150 days. One herd wes yearling Here-
ford heifers while the others were Holstein, Guernsey, or Jersey dairy
herds. The herds vere chcsenon the basis of interest and e past history
of problems with bloat. Fifteen herds were divided into approximately
equal groups and one of these groups was fed 1C0 mg. of procaine peni-
cillin either daily or every third dsy. The remaining cows in these 15
herds cerved as a control group and were managed in the same manner as

the treated group with the exception of not receiving penicillin. The
penicillin wes fed on top of the grain mixture in a soybean oil meal
carrier containing 850 mg. procaine penicillin per 1b. or in trace )
wineralized salt carrler conteining 3 g. of procaine penigillin per 1b.
The other 5 herds were offered loose salt containing 3 g. of procaine
Penicillin per 1b. on a free-choice basis. The salt was usually placed
deily and in no case was it allowed %o remainf%he box longer than 3 days.
All herds were visited about every 2 weeks to evaluate pasture conditions,
observe feeding practices, and obtain histories on any occurrence of bloat.

In addition, LO cows in the University herd were assigned to 5 rations
end 4 cows on each ration were fed procaine penicillin mixed inic thelr
grain at the rate of 8 mg. per lb,

The bloat incidence was 9.7% with a mortality of L.2¢% of the bloated
animals. There was no bloat in the University herd during the & week
duration of the trial. Bloat cases were rated from 1 to 3 on the basis
of severity, A rating of 1 indicates a mild bloat with spontaneous re-
covery while 2 2 rating describes & cow in definite distress vhich was
usually treated in scme manner to relieve the bleoai and & 3 rating des-
cribes a death due to bloat or a cow which obviocusly would have died if
prompt treatment had not bteen initiated, In the above groups there were
39 cases of bloat with & rating of 1, 26 cases with a rating of 2, and
7 cases with a rating of 3, Three deaths occurred.

The bloat incidence was usually greatest an pastures with an gbundant
growth and a high percentage of legumes. However, some bloat was cb=-
served on pastures with 10% or less of legumes, Cows were particularly
prone to bloat vhen changed t¢ a new and better pasture. The 20 farms
seemed to be characteristic as to their incidence of bloat and the pattern
it folloved., These famms can be separated into 2 groups, those with con-
siderably more or less bloat than the 9.7% incidence glven above. A con-
tinuously declining Incidence of bloat occurred throushout the season, but
individual farms varied greatly from this pattern,

The 1hL monthly butterfat production records for the penicillin treated
cows averaged 38.5 1b. as compared to 38.7 1b. for the 137 records from -
control cows. The difference of 0.2 lb. is not significant. A mean daily
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L4g fat corrected milk production of 27.2 1b. vas nbserved for the peni-
¢illin treated cows in the University herd as opposed to 27.5 1b. for
the controls, Neither this difference nor the difference attributable
to rations was significant., Incidently, it should be noted that results
obtained in the 2 separate trials showed a slight depression of milk pro-

duction in penicillin fed groups, ~ The value of this milk must be added
to the cost of the treatment if this is the case.

Experience obtained in other experimenits with penicillin by the authors
indicates that a marked depression of milk production often occurs for
several days after inclusion of 400 ng., procaine penieillin in the ration.
Tnis depression of milk production may be accompanled by loss of appetite
and other symptoms including discharge at the mostrils and hyperemia of
the vaginal mucosa, All symptoms diseppeared in a few days and production
returned to normal although penicillin feeding was continued, These symp-
tons were noticed in 1 herd on the field experiment in cows receiving only
100 mg. procaine penicillin, The problem was largely overcome in this

herd by feeding only 50 mg. procaine penicillin for several days until
the cows became adjusted to the treatment.

The incidence of peature bloat was reduced by a factor of sbout two~thirds
by feeding 100 mg: procaine penicillin per cow per dey either with the
grain or in the salt on & free-choice basis, The efficiency of treatment
and the bloat incidence appeared to decrease as the season progressed.

The bloat incidence on individual farms was distinctly sbove or below

this average, It is recommended that farms with a bloset incidence higher
than the average feed 50 mg, procaine penicillin per cow per day and grad-
ually increase the dose to 100 mg. as the season progresses.

AGRONOMIC PANEL

The Qccurrence of Bloat on Varfous legumes, B, F, Barrentine, C, B. Shawver
and L. W, Willisms, Mississippi State College

The incidence of bloat on various legumes was compared to Ladino Clover,
In 1955 cormon vhite, persian, red and crimson clover and alfalfa were
crozerel 0 ledive Clover., Ik 1537 the sace leores wvere used and inm
2riiolon -1 white taver wms coomeret S Tafline Thowes, TRe Tesoivs 3
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Selected steers which were bloating regularily on Ladino Clover were used
in this study. The forages were clipped and the ateers fed all the fresh
forage that they would eat during a 90 minute pericd morning and afternoon,

A group of three to five steers were fed clipped Jadino for four or five
days, and at the same time another group of asteers of comparsble bloat
history were fed the legume under study. The number of cases of blest in
each group was recorded. An index of 100 was set for Ladino Clover and
the index calculated for the other lemunes. The Bloat Index referred to
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in Table 1, is based upen the number of cases of bloat that occuwrred
during a feeding pericd for sach legume as compared to ladino Clover.
This Index does not reflect the severity of bloat that oceurred.

Table 1. COMPARISON OF DIFFERENT IEGUMES

Bloat Index
Lesune 1556 1957
Ladino 100 100
Cormen iihite 6L 79
s-1 93
Persian 111 1co
Alfalfa, Pre-bloom 108

Bloon &8
Red Clover, Pre-bloom 83 L7»
Bloom L8

Crimson, Pre-blocm 75
Bloom T 12

* This value is not in agreement with 195G results, also 1t is difficult
to explain why the Index for red clover (pre-blocm) was no higher than
red clover (bloom),

The Free-Reducing and the 0.4 Normel Hydrochloric Acid Hydrolyzable Sugar
Content of the Lesgumes Fed in the Bloat Tests of April - May, 1557, at
Mississippl State Collepe - Herbert L. Wilkins, Crope Res, Div., ARS-USDA

The legcume forages which were cut and fed to the steers in the bhloat
trials st Mississippi State College were sampled at the morming and
afternoon feedings of April 30, and May 1, 1957; and st all feedings
from May 7 P.M,, to May 9, P.M. inclusive.

During each of these two trial periocds samples of the Ladino Clover and
of one other leguie under test were taken every four hours for 24 hours.
A few other samples were taken for other purposes.

Moisture, ash, ether extract, crude protein, crude fiber, free-reducing
sugars and total supars were determined in these samples. Nitrogen~free
extract and hydrolyzable sugars were calculated from the eppropriate data
and the completed anelysis converted to the moisture~free basis.



Averages 0f certain of these data on the materials fed during the specifled
periods are showm in the following table, in which the errangement is in
the descending order of the bloat scores, here shown az percentages.

Dates : Material tBloat :Free-Red,:Hydrolyz.:Total :Crude
{Inelusive) 1Score :Sugar : Sugar :Sugar :Fiber
. ) L 6:)) 1 () :{%) (%)

5/7 - 5/9§

: : : :

P.M. P M. :La. §=1 Clover : 85.0 : 5.7 : 2,8 ¢ 8.5 . 15.3
5/7 - 5/9: e : : :
P.M.-P.M, ;Ladino :+ 85,0 ; 5.1 + 3.1 < 8.2 12,9
L/30-5/1 : : : : : y
A M, ~P.M, :Ladino : 77.8 ¢ L.k : 1.9 + 5.3 ¢ WS
4/30-5/1 : : : : : s
A.M.-P.M. zAlfalfa : 389+ 2.0 : 2.5 s 4,6 4 2,2
5/7-5/9 : : ot T : :

P, M. ~F. M, :Red Clover :t 35.0 ¢ 5.7 : 3.3 : 5.0 : 23.2
4/30-5/1 : : 3 : P 2
A M, =P, M, :Crimson Clover : 5.5 : 4.9 s 1.6 : 6.5 @ 29.5
5/1-5/1 e : : 2
A.M.-P.M. :Persian Clover :; 0.0 : 8.0 : 1.9 : 9.9 1 a2kl

Sugar content alone is probably not & prime factor in bleoat. OQur two
highest total sugar percentages oceurred in separate trial periods and
in materials having & low bloat rating. The fact that in the week of
4/15, vhen the regular test of Persian clover was run, it bloated in

38 out of 40 feedings and that a specimen taken on April 17th showed a
total sugar of 15;16%, gives a hint that vithin specles the higher sugar
contents may be associated with the higher.ploating rotential,

No large or consistent trends are cbserved in the series of semples of
thoze lemumes which were sampled at four-hour intervels for a period of
24 hours.

There 1s an inverse relationship between the corresponding averages of
the bloating scores end the crude fiber contents of the legumes tested,
sinece the four materials with the lower bloat scores all had the higher
crude fiber values.

The limited weather data available from this study indicate that it may
have a considerable influence on the bloating potentiality of forapges.
In the period of April 29 to Mey 2, 1957, there was no rain on the first
day but varying amounts fell on each of the other days.
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For Ladino clover the bloat scores were: lst day, 90%; 2nd day, 80% 3rd
day, 75%; Uth dey, 50%; for alfalfa: lst day, 70%; 2nd day, 70%; 3rd day,
C%; and the hth day, 25%; for Crimson clover: lst day, 10%; 2nd day, 0%;
3rd day ; 4th day, 12%; and for Persian clover: {lst and 2nd days,
no testi; 3rd day, 0% hth day, 15%.

It is not kmown vhat it is in the weather complex that has this effect.
A recently published observation thet water will lgabh carbobydrates from
growing leaves may be applicable to this situation:

Some Factoxrs Affecting Chemical Composition of Alfalfa, R. S. Allen, Iowa
State College

In cornection with stvdies on ceuses of bloat in cattle consuming alfalfa
pasture and alfalfa scilage, a series of factors affecting composition of
alfalfa wes investigsted in the summer of 1957.

Sampling of slfalfa pasture wes acconplished by a stretified random pro-
cedure, Each sample was a composite of either 6 sets of 25 or § sets of
20 tops (& in. lenpths) which represented a given plot of alfalfa. The
individual samples were guickly frozen and stored in a frozen state, Just
prior to analysis they were chopped in & cold room and mixed well before
sub~gampling for variocus snalysees, The alfalfa soilege wae sampled from
the wagon at feeding time; usually within 1 hour after cutting and chopping.
A number of portions were taken from each wagon and; after thorough mixing,
a representative sample was taken snd quickly frozen. Subseguently these
samples were treated as described above.

All samples were analyzed for dry matter, nitrogen (non-protein, emino end
total), reducing sugars, phosphorus and ash, Certain samples were analyzed
for succinic, fumaric, malic, malonic and citric acid and also for total
non~volatile organic acids.

The effect of time after irrigation on the composition of prebloom alfalfa
pasture was studied early in May. Irrigetion of duplicate plots was accom-
plished by sprinklﬁng with 5.5 inches of water over & 7-8 hour period, and
was completed = %, 9, 18, 27 and 37 hours prior to sampling. Non-irrigated
piots served ma controls. Irrigation had little effect on reducing sugars,
total nitrogen, phosphorus and ash values, whereas there was & significant
increase in non~protein nitrogen with incressing time after irrigetion. A
gradusl but limited inereasse in amino nitrogen also was observed.

A study was made of the effect of time of day on the ccmpcsition of alfala
tops. Triplicate plots were sampled at 5 AM, 10 AM, 2 P, 5 PM, and 10 PM.
The diurnal variation was greatest for redueing sugars; rhosphorus and asgh.
Reducing sugars increased to a maxiumm at 2 PM, then declined; thosphorus,
ash and total nitrogen values each declined to a minimum at & PM, then
increased. Total non-volatile orgenic scids were lowest at 6 AM, reached

e maximum at 10 AM and remained relatively high. Malie, malonic and citrie
acids predominated in all smmples. Suceinie, fumaric and seversl unidenti-
fied acids were present in small smounts.
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The effect of age of alfalfa on its composition was studied by taking
samples of sollage over a 4-week period starting May 17. There were
general declines in the values for total nitrogen, non-protein nitrogen,
amino nitrogen, phosphorus, and ash. Reducing sugar values were variable,

Comparisons were made of values for the various constituvents in alfalfs

tops (PM sampling} and soilage (AM sampling) from the saice field. Two
samples of each type were taken each week for a 3-week period in late May
and early June. Total nitrogen, phospnorus end ash values were consistently
higher in the tops, whereas the levels of reducing sugars were highest for
soilage samples, For the most part trends in values were sgbout the same

for each type of alfelfa sample.

First and second crop soilage samples (three of each crop taken over an
8-dey periocd and essentizlly at the same stage of growth) from the same
field were compared. Exoept for ash, all mean values were greatest in

the first crop soilapge.

A study vas made of seasonal changes in composition of alfalfa tops taken
from the same field, Analyses of four samples taken during the first tvo
weeks each of June, July, August and September from plots belng strip
grazed by cattle were compared. Meen values for the September samples
were greatestfor all constituents studied except for reducing sugars and
ash, Reducing sugar values were lowest during the September period.

Organic Acids and Saponin Content of Some Legumes in Relation te Blosting
Response, C. Ray Thompson, Western Utilization Res. & Dev. Div., ARS-USDA;
Albany, California

The purpose of the present studies was to determine vhether correlation(s)
existed between the organic acids and/or ssponin content of legume forages
and its bloating potentjzl., It has been theorized that organie acids could
be a ready source of ruminal ges. Possibly the feeding of green legumes
wvould furnish rumen organisms s¢ much of these readily metazbolized compounds
that the evolution of gas would be rapid enough to cause bloat, Saponins,
vhich have been showm to give bloat symptoms when fed in large doses, may
cause bloat by reducing surface temsion, thus encouraging foam formation

in the rumen or by acting physiologically to inhibit eructation or other
nervous response necessary for normal elimination of gas.

Samples of ladino clover, alfslfa, crimson clover and persian clover vere
obtained from the Misgsissippi Station in Spring of 1957. These samples

vwere from fields from vhich enimals, selected for susceptibility to bloat,
were being fed the freshly-cut material., Bloat scores and total non-volatile
organic acids were compared. Generally at this period bloat ccecurred readily
on ladino elover and alfalfa and seldom on crimgon and persian clovers.
Organie acids were remarksbly constant in all samples analyzed. Ladino
clover had the highest bloat score (27 out of 30 chances) and the highest
organic acids but accuwmilation of much more data will be necessary bvefore

it can be established that these compounds are positively correlated with
bloat.
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The studies on saponins have shown that several ssponins cccur in esch
of the legpume forages. Alfalfs seems to have the wides spectrum of
compounds.

In general, the forages which seem to have the most saponins such as
alfalfa, ladino clover and black medic also ceuse bloat while the non-
bloating plants, birdsfoot trefoil and vetch, are lower. However, the
rethods available for assay are crude and the mumber of samples lg insde-
quate to establish these tentative conclusions. The saponin mixture iso-
lated from alfalfa or ladino clover inhibits peristalsis of excised rabbit
fleum when added to a bath in which the tissue is suspended.

Present studies have shown that the saponins can be hydrolyzed to yield
severzl sugars, glucose, xylose, arabinose, rhamncse, plus fat-soluble
sapogenins. The sapogenins identified so far include soyasspogenol A,

B and C from ladir clover and alfslfs. Medicagenic acid, & new sapogenin,
vas characterized in a cooperative study with Wayme State University,
Petroit, Michigan.

Methods for staining both saponins and sapogenins, which have been separated
on paper chromatograms, have been devised, A method of assay is being
developed snd attempis are being made to separate the individual saponins

so that their physiological effects can be determined. In & cooperative
study with the Uni. of Arizons,grcen alfalfa was cut end fed as "green-
chop" to steers in feed lot, The bloating potential was observed, Samples
were then dried and snalyzed for totel sapogenins. HNo positive correlations
between blost and amount of sapogenins could be found, However, vhen the
sapogenin fraction wes separated on paper chromatograms and stained with

the Liebermann-Burchard reagent a good correlstion wae found with a frac-
tion which stained red and vhich had an Rf of about 0.5. Further work on
this particuler fraction iz in progress.

Report on Bloat Prevention; J. E. Miltimore, Experimental Farm, Summerland,
B. C.; Canada

Immature alfalfa and Ladino clover were freshly cubt once daily into self-
feeding wagons. Forage was harvested shortly after 8 AM and hauled to
feeding yards, where shade, water; and cobalt-icdized salt were made
available free choice.

Purebred lactating and dry Jersey femeles, ranging in sge from three to

fourteen years were used ag experimental animals. Puresbred Holstein and
Jersey steers were included in some experiments after they had reached 8
months of age.

The experimental desigm consisted of four by four balanced latin square
with at least four meture females per square except for one experiment

vhere only two mature females were available for each sguare, Squares

in later experiments consisted of one Holstein and cone Jersey steer in

addition to the mature Jersey femsales. '
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Treatment periods lasted for one week and data collected for the first

two days was nct considered in the final anelysis unleas there was no
carry-over effect,

Lata was recorded hourly from anine in the morning until nine at night.
Records consisted of the degree of bloating and vhether the animals were
eating or chewing their cuds. Bloating was evaluated visually with a
value of 1 being considered normal, ranging up to 5 where & trocar and
canula vere regquired to prevent death.

Preventive itreatments were fed daily as follows: 75 mgs. and 1CO mgs. of
procaine penicillin, 4 and 9 ocunces of mineral oil, LO grams Antifoam AF
Emulsion, 3 grams of Methyl Silicone XC-120, 140 gms, of lonosodium phos-
phate, lz oz. of turpentine, and a combipetion of 75 mgs. of procsine
penicillin plus 4 oz. of mineral oil. Treatments were administered in
the barn following the morning milking. Each experiment consisted of
three treatments and a control,

Results indicate that none of the treatments ccmpletely prevent bloat., In
the first experiment both 9 ounces of minersl oil and 75 mg. of penicillin
were significantly effective but these results could not be repeated in &
further experiment. It appears that 9 cunces mineral oil and penicillin
show & trepd to reduce bleat ineidence,

Treatments in & feeding management experiment cansisted of:

1. Feeding 24 hours daily plus grain.

2. Feeding 24 hours daily without grain,
3. Feeding during daylight

4, Peeding at night.

In this experiment the animals fed during the night bloated significantly
less than the animals that had sccess to feed for 24 hours each day,
Other treatments did not differ significantly.

It iz desirable that materials for bloat prevention should be relisble
since failure of the preventive treatmwent would immediately cauvse a
serious loss. Research workers must give more careful consideration to
endorsing a bloat preventive than to endorsing other livestock treatments
where failure of the treatment would result in a loss equal to approxi-
mately the value of the treatment material,
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RUMEN FHYSTOLOGY PANEL

The Effect of a Scabrous and a Non-Scabrous Diet on Rumen Motility and
Intra-Rumen Pressure, H. 3/. Colvin, Jr., Uni. of Arkensas; S. D. Musgrave
and G, F. Williams, Oklahema State Uni.

Four Ayrshire bulls were fed a non-scabrous diet consisting of a concen-
trate mix and a roughage in the form of an almost pure wecod cellulose
product, Solka-Floc BW-20, frem six months to 41 months of age. At 4l
months of age, the Solle -Floe BW-20 was removed from the ration by inere-
ments and prairie hey introduced gradually. Both diets satisfied the re-
guirerents suggested by the Wational Research Council for all nutrients
except phosphorus which was deficient.

When the bulls were 35 months old, trials were undertaken to study the
effect of a non-scabrous diet on rumen motility. The pericdic changes

in total intra-ruren pressure, caused by contractions of the rumen, were
recorded on a kymogreph. The technique for measuring intra-rumen pressure
included & rumen puncture with a trocar-camnula (5 mm I.D,). After the
trocar was removed, the cannula was conrected to a Buchner fumnel (4 in.
dismeter) by means of plastic tubing. The system was made air-tight by
stretching a piece of thin rubber latex over the top of the funnel. Mounted
on the latex vos the ink-writing lever arm snd sppurtenances. With such a
system, the following can be determined: rumen contraction frequency,
ruren contraction smplitude; apd intre- rumen pressure,

In 19 non-scabrous trials with U bulls, the fasting rumen motility record
indicated an average rumen contraction frequency of 2.1 contractions per
minute, an average contraction amplitude (large, non-eructation contraction)
of 9.1 em. of water, and an average intra-rumen pressure (IRP) of 1.8 cm.

of water. Not only vere the bulls bloated during the motility trials but
alse previous to this and up to the time scabrous material was ineluded

in the &iet,

Six meonths following the initial trials, prairie hay replaced the Solks-
Floc BW=20 in the diet according to the schedule shown below, The follow-
ing teble indicates the results of the dietary change on fasting rumen
contraction frequency, amplitude, and intra-rumen pressure:

Dietary Roughage ~ Av. Contr. Av, Contr. Av, IRP
Hay($) Solka-Floc(®) Dete Freq/Min. Amplitude {Cm water) (Cm water)
0 160 1-27-57 2.4 8.0 0.8
25 7 1-29-57 2.5 9.5 1.2
50 50 1-31-57 2.2 8.9 3.0
75 25 2-2-57 2.2 12,5 2.8
100 0 2-12.57 2.4 9.0 2.7
100 0 2-19-57 2.2 9.4 1.0
100 o} 31457 1.5 12.2 k.9
100 4 4~15~57 1.8 9.0 -3.0
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Since it is known that the normal intra~rumen pressure is sub-atomos-
pherie, it can te seen that this condition existed within eix veeks
after pcabrous prairie hay replaced the non-scabrous Sclka-Floec BW-20

in the diet, Furthermmore, the amplitude of the rumen contractions wes
increased and the frequency of the rumen contractions returned to that
observed in normal healthy animals. An additional series of trials con-
ducted & month later confirmed the sixth week observations.

On the basis of these results, it is suggested that scabrous material

in the diet is necessary to maintain the tonie activity of the central
pool of motor neurons responsible for rumen motility. A constant stream
of afferent impulses probably arrives at the motility center from tactile
receptors in the rumen wall over sensory components of the vagi. That re-
ceptors responding to tactile stimuli are present in the rumen has pre-~
viously been demornsirated forthe rumination reflex. The presence of vagal
afferents from the rumen has also been shown,

The results also demonstrated thet if scabrous meterial is absent from
the diet for relatively long periods of time, rumen motility becomes ab-
normal, with respect to frequency and smplitude, and bloating occurs with
marked regularity,

Frothing of Reticulo-mmmiinal Contents and Some of its Asscelsted Meagurements
and Varjations, Roy E. Nichols, Uni. of Wisconsin

The frothing of reticulo-ruminsl contents is a normal process and only
endangers the snimal vhen it becomes excessive. Many techniques for =
measuring this process have been tried with varying degrees of success,
One technique which is simple and usually more than 80% reliable is the
measurement of the maximm froth volume, maximm froth gas volume and

2 hour gas volume of an incubated sample of reticulo-ruminal content
strained through one layer of cheesecloth to remove coarse particles. .
With this method it has been possible to demonstrste that frothing is
least in samples taken before feeding, is increased by feeding and de-
creased by drinking, Frothing is greatest on fresh feed, particularly
legumes. Fein results in increases in the frothing of samples vhen ani-
male are grazing. Increases in the amunt of particulate material in
samples increaze viscosity and froth stability. Comperison of the re-
claimed liquid of artificiaily frothed portions of samples of rumen con-
tent with that of unfrothed portions suggests that the liquid of the bubble
skins is more dense, leae viscous and lower in total nitrogea than that of
the unfrothed portions of the same samples.

Factors Controlling Rumen Fermentations, W. E, C. Moore, Virginia Agr, Expt.
Station

Indirect evidence has been obtained that the ruminant snimal as an indi-
vidual has considerable control over the rumen fermentation activity.

One main limitinig factor appears to be the rate of sbsorption of fatty acid
end products from the rumen. Increased fatty acid levels in the rumen de-
pressed culluloge digestion as measured in vivo.
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The physical nature of the feed, especially ground roughage has been
found to increase gas production rate, shift fermentation products in
vitro and ceuse the disappearance of certain proteclytic bacteria from
the rmumen.

With pure cultures, substrate (carbohydrate} greatly influenced slime
production which has been suspected as a contributing factor in bloat,

Evidence has been obtained for the presence of a rumen cellulnse in-
hibitor in many rumen fluid samples. This appears to be a fourth factor
in control of rnmen fermentation retes.

Cellulolytic activity and composition of the ingesta of each orgen of
the digestive tract indicate the possibility that aectivity of these organs
may also indirectly influence rumen activity.

Interactions between factors controlling rumen fermentations are obviously
exceedingly numerous, Our groups has been interested in attempting to de-
termine major relationships to help explain significant control mechanisms
in the rumen fermentaticn.

Rumern Function Investigations in New Zealand, R. W. Doughert-y', Cornell
University

These investigations and observations were made in New Zealand during the
epring and summer (autumn and winter, northern hemisphere) of 1956-57.

The work was confined to the northern island vhere the dairy cattle popula-
tion is greatest and was done with Dr. A, T. Jochns and other members of
the staffl of the Plant Physiolegy Laboratory, Palmerston North, New
Zealand.

& number of cases that had been bloating daily in the Massey College herd
vwere treated with 100 mg. procaine penicillin given orelly every third day.
When penicillin treatment wes discontinued, bloat reappesred in these in-
dividuals, Eventuslly procaine penieillin wes tried in one member of
several pairs of identical twins bavipng uniform bloating behsvior, It

was again found to be guite effective, Finally it was tried successiully
in many herds with histories of severe bloating, Penicillin did not appear
in the milk in measwrable amounts and did not affect milk production eppre-
ciably. One 100 mg. oral dnse was effective from two to three days.

In a country where little grain or stall feeding is practiced and where
labor is ecarece and rostroining stocks are practieally non-sexistant, the
oral edministration of procaine penicillin is rather impractical. If better
methods are established of getting the antibiotic into the rumen, then it
has a definite future in the control of bloat,

0il spraying of pastures was observed and found to be effective in prevent-
ing bloat. An emulsion of peanut oil was used and was spplied to each fresh
pasture 'break' dajly, at the rate of 2 ounces of pesnut oil per cow per day.
The cost and the extra labor have inhibited the widespread use of this
method of bloat control,



=20~

Work at the Plant Chemistry Laboratory and at Massey College has shown
that paraffin oils are effective in preventing bloat, but ere impractical
because they interfere with the absorption of carctene.

New Zealsnd iz an excellent place to study bloat because of the high in-
cidence in dairy cattle. In a country having esbout 2,000,000 dairy cattle
the annual losses vary between 10,000 and 20,000. The less obvious losses
are probably of greater importance,

MICROBTOIOGY PANEL

Dissimilation of Alfalfa Saponins by Fumen Bacteria, J. Gutierrez, R. E.

Davis, and I, L. Lindshl, Animal Husbendry Res. Div., ARS-USDA

Saponin-~digesting bacteriaz wvere isclated from steers oo & fresh alfalfa
dlet vith a peak number of 580 million per ml, of ruminal flvid., Quanti-
tative experiments showed that C0s, acetic, butyric, formie and lactic
aclds wers produced fyrem 2l1falfa saponins by bacteriel straina tentatively
identified as Butyrivibric. Large emounts of cell end slime materisal
from bacterial seponin rermentation were harvested by centrifugation at
the end of the incubation period; while scent growth occurred in control
medium without saponins, Rapid microbial decomposition of legume saponins
with the concomitent preoduction of gas and slime indicates the interaction
which exists between the saponins and certein rumen bacterla; and demon-
strates how these plant compounds may contribute to bloat,

Predominating Becterie in the Rumen of Bloating and Non-Bloating Cattle
Pastured on ladino Clover; M. P. Bryant, Animsl Husbandry Res. Div.,
ARS-USDA; and B, F. Barrentime; C. B. Shawver and L, W, Williems,
Migsissippl Btate College

Recent research tnbloating cattle has suggested that the kinds of bacteria
present in the rmen mey be ona of the primary causative fectors in bloat.
This study was undertsken to determine the kinds of predomirent culturable
bacterie in the rumen of three bloating and three non-vloating cattle and

in the bloat-prone cattle prevented from bloating by penicillin therapy,

Yearling steers were pastured on lLadino clover for 90 minute periocds be-
ginning at 7:¢30 A.M. and 2:30 P,M. daily. Animals were selected for study
on the basis of their being good or poor bloaters - based on visuael ob-
servations. Rumen content samples vere collected at 1 P.Mi Fifty mg.
procaine penicillin in capsulea was given at 1 P.M, the day before sempling:

Semples of rumen content were obtained by stomach tube, taken immediately
to the laboratory and cultured in anzercbic rumen fluid-glucose-cellobiose
agar. Other medis inoculeted were cellulose broth; sercbic medium identi-
cal with the anmercbic agar medium above except thet cysteine-HCl, NagCO3,
and CO, were eliminated; and Rogosa's selective lactobacillus medium. A
gram stain of each sample was observed and the pH of each semple was taken
within 10 mihutes after it was collected,
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Approximately 50 streins of bacteria were randomly isolated from tubes
of the anserchic agar medium inoculated with each sawple., The strains
wvere placed in 11 groups on the bpasiz of the following characteristics:
colonytype, morphology, motility, @Gram reaction, final pH and appearance
of growth in glucose broth, relmtions to oxygen, HES production, gas pro=
duction, and celluwlose digestion.

There was no significant difference in pH, MPN (most probably numbers)
celluiolytic bacteria, or total apaerobic count in the 3 groups of ani-
mals studied, The difference in anaercbic count between bloaters end non=
bvleaters approsched sipgnificance.

The anaerchic counts were much higher than are found ir animmls on the
usual high roughage ration., Animals fed rations high in concentrates
have shoum counts as high and higher than the present animals,

The counts of bacteria able to grow under aerobic conditions were higher
for the bloaters than for the seme animals treated with penieillin, Ob-
servations on colony type and gram reaction indicated that this effect was
mainly on streptozocci. The smell numbers of these bacteria fouod indicate
that they are of relatively little importance in Ladino clover~fed aenimals.

Counts on Rogoea's medium were alweys less than 1;000 per g. indicating
that lactobacilli capable of growth under serobic copnditions were of no
importance in these animals,

No significant differences were noted in the groups of bacteria isolated

from the three groups of animals., Also, when the groups of becteria were
further subdivided on the basis of variable characteristics within the groups,
no significant differences could be found.

All of the bacterial groups heve been isolated from animals on varicus
rations at Beltsville, This indicates that the flora of animals at Missis-
sippl and Beltsville are similar, However, vhen date on percentage of
total isolates of individual bacterial groups isolated from snimels fed
fresh alfalfa or alfelfa hay was compared with data from the animals fed
Ladino clover, some differences were aspparent. Cellulolytie bacteria pre-
swptively identified as Bacteroides succinogenes and Rumlnococcus were
lower and bacteria similar to Butyrivibrio and Lachnospire were higher in
the clover-fed animsals,

The fact that detailed studies on both of these groups show that they pro-
duce considerable amounts of COp, Hp, end formic acid from glucose suggests
that the flora of the rumen of lLadino clover-~fed catile is capable of a

greater production of gas than the flore found vhen meny other retions are
fed.

In view of the theory that elime production in the rumen is one of the
causative factors in bloat, the authors were interestsd in determining if
slime-producing bacteria were more prevalent in the clover~fed animals
then in animals fed other rations. Based on visual cbservetions for slime
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in glucose medium, slime producing strains were no more mumerus in the
ladino clover-fed animals than in animals fed other rations such as al-
falfa hay or fresh alfalfa, Bacterial strains similar to Bacteroides sp.
have been the most evident alime producers in animals fed alialiaz. olime
producers of this group were less evident in the Tadino clover-fed animals.
The most uumerous slime producers belonged to the groups presumptively
identified as belonging to the genus Butyrivibrio,

The present methods of demonstrating slime production are very crude. It
is possible thet an increase in knowledge on the nature of the slime and
on factors affecting its production by ruminal bacteria will result in
better methods of assay which might show differences in slime producing
capacity of bacteria from hloeting and non-hloating cattle,

The facts that the numbers or predominant groups of bacteria cultured
were not significantly different vhen the non-bloating; bloating, and
penicillin~trested cattle were compared suggest that some significant
component of the flora was not cultured or that some strains within one
or wore of the bacterial groups cultured differed in their metabolism in
ways not detectable with the few characteristics studied. However; the
data show that the flora of the rumen of the groups of cattle studied
were not grossly different:

Effect of Nitrate in the Ration and a Study of Digestibility I_-_Iith Sheep
Inoculated With Psuedomonas Aeruginosa, G. B. Garner, Uni. of Missouri

The characteristic of cat hay poisoning wes established seversl yeers ago.
Following the drought of 1954, Missouri forages contained excessive amounts
of nitrate which was shown to produce symptoms not typieal of classical oet
hay poisoning. Experimental findings indicate a more rapid conversion of
nitrate to nitrite and nitrite to ammonia when energy is added to the
ration. The effect of energy becomes negligible whenever the concentra-
tion of nitrite exceeds certain levels, The ration of the animal influences
the rate of conversion, and mey lessen the effect of added energy as in the
case of alfalfa fed sheep compared to timothy fed gheep, thus indicating

a different type of microflora.

Experiments wers conducted in which sheep on two rations were Inoculated
with Psuedomonas seruginosa, The course of the infection was followed by
counting the blue pigment producing colonies., Digestibility of cellulose
end nitrogen indicates possible modes of action. Cellulose digestion was
repressed and nitrogen sbsorption improved when the sheep were fed timothy.
Cellulose digestion was not affected and the nitrogen abeorption was only
slightly changed on the alfelfa ration. Contamineticon of & water tenk
lead to further experiments in which it was noted thet with a prolonged
period of inoculation the alfalfs fed sheep developed counts as high as
the timothy fed sheep. Polymyxin B sulfate (L1l mg per sheep) given intra-
runinally, effectively removed the Psuedomonas asruginose. After treat-
ment with polymyxin & noticeable frothing of rumen Fluid wes noted. Sheep
given polymyxin remained on feed and exhibited no 111 effects. In vitro
cellulose digestion was stimulated slightly when volymyxin was added at
twice and four times the recommended antibiotic level.
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Production of Gas and Stable Foam in Rumen Femmentetions from Alfalfa
Fiber, Pectic Substances and Their Precursors, H. R, Conrad; W. D. Pounden
and A, W, Fetter, Chio Agr. Expt. Sta., Wooster

Recent evidence presented concemming stable foam formation firmly estab-
lishes that pasture bloat in cattle results primerily from the formation
of abnormal gquantities of stable foem in the rumen, particularly during
periods of rapid gas production. Previous results have shown that al-
falfa and Ladino clover fibers promote a more stable type of foam than
grasses and birdsfoot trefoil,

The aim of the present studies has been to isolate some of the physical
and chemical characteristies of alfalfa which might predispcse cattle to
pasture bloat, The results of experiments carried out show gas produc-
tion by rumen micrcorgenisms acting on newly cut growing alfalfa or a
fraction of alfalfa. Also, the effects on steble foam formation of
various purified substances normally present in alfalfa have been studied.

Rumen contents were cbtained by stomach tube from dairy calves weighing
LOO to 500 lbs. Feeding procedures for the calves were standardized to
avoid as much &5 posgible day to day variations in the inoculim used.

The following procedure was worked out for the short time iIn vitro rumen
fermentations, Fresh rumen contents were strained through a double thick-
ness of 90 gauge cheesecloth. Thirty-five milliliters of strained rumen
Julce vere added to each fementation flask to which had previocusly 'bea:
added 35 ml. of 1/15 N phosphate buffer solution. A temperature of 38.5°C
was maintained throughout the fementcoctions by means of a constant~tempera=
ture wvater bath, Fermentation time was for 2 hours. The amowmt of gas
produced was measured as the volume of water dipplaced in simulated marmo-
meters sttached to each fermentation flesk in a gas-tight system, the bese
of the water coliumn being in equilibrium with the atmosphere.

The proportion of carbten dioxide in the totel gas was messured as the per
cent absorbed by a L0% solution of sodium hydroxide after bubbling through
the total volume of gas produced in the fermentation flasks.

The following procedures were ugsed for preparing vericus matesrials tested
for total gas producing capacity in short time in vitro fermentations.
Newly cut green alfalfa was mescerated in s Hobart Tocd cutter. The washed
alfalfa fiber was obtained by repeatedly extracting green alfalfs with cold
water in a VWaring blender until all vigible traces of gFreen materdisl were
remcved, The digested washed fiber was cbtained by digesting with rumen
microorganisms 2 to 10 hours in the fermentation flasks and rewashing with
cold water., Alfalfa cellulose was prepared from the green plant by treat-
ment with the Crampton and Maynard analytical procedure,

Depectinated alfaifa waa obtained by extracting mascerated slfalfa with
distilled water at 80° C for 12 hours, Both the extract snd depectinated
residue were saved for rumen fermentations,
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A hydrolysate of methyl ester of poly-salaetursnic acid wes obtained
by incubating purified pectin at 37° ¢ for 24 hours witk 1/10 part of 5%
rectinase solution buffered at pH 6.8.

Other products tested were commercial crude pectin, purified pectin,
glucose and dextrose,

Results of rapid gas production studies show that compounds responsible
for the initial rapld gas production cbtained with green 21falfa were
intimately associated with the fiber but were removed after 4 to 10 hours
digestion with rumen microorganisms and by hot water extraction., Purified
peciin added to washed alfaelfa fiber enhanced gas production. Crude pec-
tins, glucose, and galactose also increased gas production. Hydrolyzed
pectin produced the most marked effect yielding 2.25 times as much gas

as vweshed fiber, Gas production of mascerated alfalfa was increased by
adding pectinase to the fermentation mixture. This suggests that galac-
turonic acid may play an important role in excess rumen gas production
from alfalfsa.

Twenty to forty per cent of the total volume of gas produced was deter-
mined to be carbon dioxide. It is assumed thet the remaining 60 to B0%
of the gas was mostly methane.

The stable foam test wee used to measure the ability of aelfalfa plant
material to simulate the gtable fosm in the rmmen contents of bloated
cattle: OCreen alfalfa plants were chopped in fractions 1 to 2 inches
in length, added in 2 to 3 gram quantities to 100 ml, of water in a
Waring blender, and beaten in the blender until a stable homogenous gassy
mass was produced, A test of the effect of pectin on stability of the
mass produced showed that on the average 52 grams of green alfalfa pro-
duced & stable foam in 5 minutes beating time, Wheress vhen 0.5 gram
of crude pectin was added & stable foam wes produced with only 43 grams
of plant materisl in seven minutes beating time., Using 1 gram of crude
pectin 40 grems of plant material produced a stable foem in five minutes
beating time.

In measuring steble ingests volume in vitro, it was found that the stable
ingesta volume of 100 ml. of untreated rumen contents increased 27 ml, in
L5 minutes. When 3 grams of pectin were edded to.this amount of rumen
contents, stable ingesta volume increased 56 ml. Alec, the liquid layer
below the stable foamy mass was only 26 ml. when pectin was added con-
trasted to 58 ml, of liquid layer in the untreated rumen contents. The
total stable foamy mass was (69 ml, in 100 ml. of untreated rumen contents
after 45 minutes fermentation and 130 ml. when 3 grams of pectin were added,

Analysis show that alfalifa plants contain 5-8% pectic substances end
6-10% reducing sugar. When the results of these experiments are con-
sidered, it appears that the combined effect of the physical structure
of alfalfa fiber, pectic substances of alfelfa plants, galacturonic acid
obtained on hydrolysis of pectic substance, and reducing sugers normally
present iz capable of causing the formation of the stable fosm found in
pasture bloat.
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Mechanisms of Foam Stabilization, Volney Wallace, South Dekota State
College

Surface Active Agents - Seponin was observed to displece egg albumin
preventing it from fomming a surface layer of denstured protein. Cer-
tain of these surface films -~ proteins and saponine -~ are known to
have high viscosity. Agents which reduce surface tension diminish the
energy necesssry to form a foam, but do not necessarily stabllize foam,
If there is a strong lateral attraction between surfactant molecules on
the surface of a solution, the surface is elastlic or viscous, This
characteristic of surfactants does stabilize foam.

Particulate Matter - Finely divided particles which are but poorly wetted
by water serve as foam stsbilizers. These particles adhere to the water-
air interface and the coated bubbles cannot coalesce because of this
ccating. According to Reinders' theorem, that psrticles will adhere to
the air-liquid interface 1If the surface tensions hetween the three phases
are such that one does not exceed the sum of the other two,

A fistulsted steer st this experiment station developed frothy bloat on
grein and alfalfas hsy ration. The rumen contents {strained free of coerse
matter} was examined and it appeared that this mechenism was responsible

for the froth. Under the microscope, the bubbles appeared coated with

food particles and could approach no closer then sbout 5 microns. The _
bubbles appeared dimpled, ss though they were adhering to the food particles.
When the rumen Julee was allowed to stend, the solids rose to the top of
the solution, leaving an almost clear solution below, The food particles
were not lighter than water as they could be ceatrifuged down with eas:,

The centrifuged juice produced sn unstable foam and wes not cbserved to

be gelatinous or unduly viscows. This flotation of food perticles was

noted subsequently in IVI tests when there was a measurable ingesta volume
increase,

According to Reinder's theorem, if the surface tensions between three

phases are such that one velue exceeds the sum of the other two, that inter-
face having the high value will not occur in a mixture of these three phases.
It follows that in a non-frothing rumen, the surface tension between air and
food particles exceeds the sum of the air-HpQ snd HxO-particle surface ten-
2ions. Digestion in the rmen removes carbohydrate from food particles,
enriching it in lipid and protein (we have found up to 17% ecrude fat and
57% crude protein in suspended rumen solids). Analozy of the food particles
to simple organic liquids suggeste that thie Adigestion lowers the particle-
to~air surface tension and raises the particle-to-weter suwrface tension,
This process carried far enough leads to the balance of surface tensions
that results in adhesion of food particles to gas bubbles. In this regard,
we have reports that feed lot bloat is worse several hours sfter feeding.

Another consequence of adhesion of food particles to gus bubbles is that
the bubbles are more easily trapped in the coarse rumen contents.
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Gels and Thickening Agents - Bacterial slimes have been suspected as
frothing agents in frothy bloat. These might function by two mechanisms.
First, high viscosity slows down bubble movement thus retarding coales-
cence of bubbles. Secondly, gels hold bubbles in place until the forces
to move the bubble exceeds the elastic limit of the gel. The elastic
limit need not be large to immobilize smsll bubbles.

A Comparison of the Factors Causing legume and Food Lot Types of Bloatl,
Pon R. Jacobson, Kentucky Agr. Expt. Sta.

The primary cause of both legume and feed-lot bloat is the excessive for-
mation of stable frothk in the reticulo-rimen. However, the factors affect-
ing the rate of gtable froth formation in legume bloat sppear to be some-
what different from the factors affecting the rate of steble froth forma-
tion in feed-lot bloat. The physical nature of the rumen econtents in
legume blost includes & definite stratification with sbout 30% of the
volume made up of & liquid phese. The froth or foasm formed is much more
fluffy in nature and has a tendency to accumilate in the top of the rumen.
The per cent of the rumen microorganisms encapsulated is low (0-16) and
bears little relsticnship, if any, to the amount of froth formed or the
incidence of legume bloat. The presence of a readily svailable carbohy-
drate or a fresh legume juice extract alwaye led %o rspid froth formation.
The following factors appear to have a marked effect on the rate of stsble
froth formation of rumen contents in vitro.

1) Number of daye the animalg have grazed the legume.

2) Length of grazing period daily.

3) Time st vhich the sample is taken during the grazing pericd,

4} The intensity with which the animal grazes.

5) Method of sampling (the use of vacuum is particularly undesirasble).

6) Na.tg:;-e of rumen sample obtained (specific gravity, per cent water,
ete, ).

Even though the above factors mey be maintained constent, it remains dif-
ficult to obtain a representative rumen sample,

The Effects of Penicillin on the Activities of Ruminal Microfliora,
C. K. Soith and R, S. Emery, Michigan State University

Centrifuged celis were incubated in vitro in a C0p atomosphere, using 5 gn.
of the ration that the donor animal was receiving and 100 ml. of inorgenic
salt solution as substrate, Changes in viscosity of the liquid layer wes
determined at intervals during the five hour incubation period. Crystal-
line peniciliin was added to the flasks immediately prior to the addition
of the cells. These data show that when the donor snimsl is not receiving
penicillin the addition to the in vitro fermentation will tend to prevent
an increase in viscosity, however after the penicillin has been fed to the
donor animal {100 mg daily) for as short a period as 8 days; this control
is no longer effective.



TABLE I
Percent increase in viscoslty after five hours Incubation in vitro.

Before feeding 8 days after
penicillin feeding penicillin

1. Substrate 6 6
2. Substrate f cells 20 59
3, Sutsirate j cells » 150 mits pen. 2 )
L, Sutsirete f 2ells ¢ 170 uxmiis Ter. 3 83

This effect could not be demonstrated when procaine penicillin was used
in vitro,

Samples of rumen liquid were teken before and at intervals following the
feeding of penicillin to determine the level of penicillin in the rumen
iiquid and the length of time that it remained in the rumen. These ani~
mals were on three different feeding regimes. The results show that when
the animal bad not previously been fed penicillin the drug reached the
posterior of the rumen fifteen minutes after ingestion and the levels
(1.0-0.1 unit/ml) were maintained withcut en unusual decrense for four
hours. After the animsls had received 100 mg. of peniciliin daily for
three weeks the level had decreased markedly by two hours and penicililin
was not detectable in most cases at three hours after lhgestion.

TABLE IT

Levels of Penieillin in the Rumen of
Penicillin Fed Dmiry Cattle

3 Weeks on 100 mg

lst Day of Feeding Daily Intske of
100 mg. of Penicillin Penicillin
Range Over a L-hr. Period 15 min, 2 hr, 3 hr.
TOC"! Yearling 0.05 - 1.0% 0.5 0.0k 0.0
1200 Cow 0.05 - 0.13 0.09 0.0k 0.02
1200 Cow 0.05 < 0,13 0.0k 0,02 0.00

* Values expressed as unitsfml.of rumen fluid.

FRumen fluid was taken from the above animsls two hours after ingestion of
the penicillin. This liquid was then subjected to the following experi-
mental treatments: {a)} incubated at 399C; (b) centrifuged at 32,000XG for
15 minutes and the supernatent incubated at 39°C; and (c) Seitz filtered
and the filtrate incubated at 39°C. Procaine penieillin was added to all
samples to & final concentration of 1.0u/ml. It wes found that the peni-
cillin destroying principle was filterable and waa present in the Seitz
Tiltered liquid in sbout 80% of the potency of the origiral rumen liquid,
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An In Vivo Artificial Rumen, L. R. Fina, G. W, Teresa and E, E, Bartley,
Kansas Agr. Expt. 5ta.

The artificial rumen tecinique has been used in rumen fumction studies
for a number of years with varying success. At times the use of this
technigue has been eriticized because one could never be sure that in
vitro experiments duplicated in vivo rumen functions. For this reason
in vivo artifical rumen technigue for studying utilization of cellulose
and other nutrients by rumen microorganisms has been developed. The
in vivo artificial rumen consists of a porcelain test tube attached to
a glass frothing tube and gas escape mechenism, The substrates and in-
ocula are placed in porcelain tubes and the apparatus suspended in the
rumen of a fistulated animal,

The porcelain test tubes were first tested to insure their suitability
for use, They were found to be permeable to fetty scids (Cp ~ Cg tested)
and glueose bYut not permesble to the enzyme urease; the tetraecyelinpes,
and bacteria,

Using the in vivo artificial rumen technigue no cellulose was decomposed,
even after 10 days, in non-inocculated tubes placed in the rumen, In in-
oculated tubes digestion of 500 mg. of cellulose wes completed In about
48 hours, An inftiel inoculun continuocusly digested added Increments of
cellulose at an unabated rate to the extent of about 90 per cent over ean
extended period of time (10 deys). An increase in the quentity of the
organisms in & diluted inoculum was shown to occur during active cellu-~
loge digestion.

In other srtificial rmmen techniques changes which might occur in a 2k
hour perind in the rumen are not considered. Fluctuatlons in pH from
7.5 to 5.4 and also temperature differences ranging from lows of 25° C
to highs of 41° € have been reported by other workers and confirmed at
the Kansas Station., These difficulties are minimized and this technigque
more closely approximates actusl rmen conditions. Application to meny
types of determinations in the study of bloat, feed utilization, near
in vivo pure culture studies; and possibly others seem potential.

PHYSTO-PATHOLOGY PANEL

Studies of the Eructation Mechanism in Cattle, C. E. Stevens and A, F.
Sells, Uni. of Minnesote

Adult, fistulated cows were used to study the reflex regulation of the
ruminant stemach, Pressure events occurring in the rumen; reticulum and
cardia were then recorded under various experimental conditions., Some of
these animals were surgically equipped with electrodes spplied to the vagal
nerves. In a few cases, two electrodes were placed in tandem on the dorsal
vagal trunk and each supplied with an empty polyethylene tube which allowed
the injection of procaine onto the nerve.



~29~

It was found that stimulstion of the dorsal thoracic vagal trunk in-
creaged eructation rate while procainization markedly decressed eructe-
tion efficiency. In eddition, stimulation of the more cranisl] electrode
after procainizaticn of the nerve caudel to this, resulted in an increased
eructation rate. The reverse of this procedure hed no effect, suggesting
thet afferent nerve fibers were heing stimudated.

An attempt to place electrodes in certain branches of the abdominal vagus
supplying the reticulum and rumen was successful 1in one of three animals,
Stimulation of the reticular branch of the ventral vagus had no effect in
eructation but stimulation of the branches of the dorsal abdominal vagus
behind the cardis did markedly increase eructation rate, This suggested
that receptors for eructation might be located in the rumen itself.

In one series of experiments, a number of snesthetice were applied topi-
cally to the rumeno-reticular mucosa for the purpose of blocking receptors.
Since these appearsd to have little or no effect, s series wes started in
which procaine was injected into the walls of the reticuhm and rumen in
an attempt to block certain branches of the abdominal vagl, It was found
that; (a) injection ventral to the cardia hed no effect on rumen rate or
eructation although reticular motility was practically stopped. (b) in-
Jection into the medial border of the anterior dorsal sac stopped or
markedly decreased btoth rumen and eructation rate slthough reticular mo-

tility remained normal. This again suggested that receptors might be in
the rumen,

A number of experimentis were carried out to try to determine the neture
and location of the receptors for eructation. These included the testing
of the effect of generalized and localized tactile; electrical and pres-
sure stimuli, It was observed that eructation occcurred omly in conjunc-
tion with a contraction of the rumen and that the rate of each increased
with an increase in rumeno-reticular pressure. Decreasing ingests con-
sistency decreesed eructation efficiency but the attempt to localize the
receptors by local epplication of the various stimuli wes unsuccessful.

It was concluded from these results that the receptors for eructation are
either stimuilated directly by the contraction of certein rumen muscle or

indirectly to the stimulation resulting from movement of ingesta during
the rumen contraction.

Some Aspects of Research on Pasture Blost in New Zealand; A, T. Johns,
C. S. W. Reid, and J. L. Mangan, Plent Chemistry Div., Dept:. of Scientific
and Industrial Research, Palmerston North, New Zeaslsnd

Research work on blcat has convinced ug that the primasry cause of legume
bloat in New Zealand is due to a foaming of the rumen contents. Work is
proceeding to try and identify the pleant and animsl factors involved in
the production of the condition. The foam appears to be of the surface
viscous type such as is formed by proteins and saponins and in vhich
surface tension values show little correlstion with foam stability,
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An apparatus has been devised for measuring foem stremgth and used for

determining the conditions for the formation of foams of maximm strength
with rumen contents and with solutiona of proteins and saponins. It ap-
pears that the balance of foaming and antifoaming agents released from

Plant material following ingestion, may be important in the etlology of
bloat.

Investigations on bovine saliva include chemical analyses of parotid and
submaxillary salivas, the effect of increased pressure on their secretion
and composition, and & consideration of their possible role in blosat.

The methods of controlling bloat by pasture spreying with emulsified oils
or tallow has been devised and applied with marked success in the field.
The use of penicillin for control of bloat has been tried and found to be
partislly effective. It has been shown that penicillin acts by slowing
down the final stages of the bacterial fermentation, givingz a temporary
accumulation of lactate, a decreased rate of volatile fatty acid and gas
production. Adminietration of peniecillin regularly to dairy cows at the
rate of 200 wg, per dose bhas not resulted in any detrimentsl effects on
appetite, milk production or the quantity and quality of butter fat,

Using transducers and & Sanborn four channel recorder investigations have
been made on fectors effecting rumen activity and the mechanism of belch-
ing especially under bloating conditions.

Records so far have not revealed any evidence of inhibition of reticulo-
rumen contractions during bloat,

It has been found in cows that although belching may occur following the
reticular contractions, it usually occurs at other polnts during the
interval between successive reticulum double contractions. Foam jtself
has been shown to interfere with belching.

Pogt-Mortem Findings In Steers that Died of Bloat, B, F. Barrentine and
J. W. Scales, Mississippi State College

Ten steers thst died of bloat were posted as scon as possible after death,
The only consistent atmormal finding was the condition of the lungs of
these steers. Tn every case the lungs were very congested; Hemnrrhage
in the alveoli was common, and one steer had blood in the trachea. Por-
tions of the lungs of all steers showed a condition that was tentatively
celled pneumonia.

Sixteen steers which had been on the bloat studies were slsughtered. These
steers varied in age from two to five yeers and all hsd bloated msny times.
The lungs of thess sieers were essentially normal. A few of the steers
showed lung scar tissue and lung-to-diaphragm edhesions were obsgerved in
some cases, It wes concluded that the lungs of these steers were noxmal,
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During the past four years a total of 754l cazes of bloat have occurred
in yearling steers, and 47 of these steers died of bhloat, During the
past three years “older steers” (two to five years old) have bloated
4115 times and none have died. Thesze results are summarized in the
table below. It mppeare that some type of protection from death due to
bloat is acguired during the first yesr that a steer is exposed to bloat,

_Yearling Steers i}lder Stears

Rloat No, Bloat Na.

Yanr Cases Died Cases Tied
195k 1575 7 - -
1955 GhG 2 997 0
1956 2739 18 1325 0
1957 2581 20 793 g
Total TohHL 7 L11s 0

The Physiology of Eructation in Sheep, R. W. Dougherty, R. B. Habel and
H. E. Bond, . Cornell University

Most of the work done In this laboratory on the physiology of eructa-
tion has been based on two methods. Cinefluorography wag used to atudy
the mechanics of eructation in sheep. Under the conditions of the ex-
periments, eructation was most active after a double contraction of the
reticulum which cleared this structure of most of its ingests. The
rumenc-reticular fold and the anterior pillar contrected; keeping the
ingesta awsy from the cardia snd emptied reticulim, The cardia znd pre=
diaphragmatic sthincter relaxed gas pessed into the esophagus dilating
it throughout its entire length The cranial esophagesl sphincter re-
mained closed at all times except during swallowing, eructation and re=-
gurgitation. When the escphagus had filled with gas; the cardie and
predisphragmatic esphincters closed, the cranial esophageal sphincter
relaxed and the esophagus contracted. throughout ite entire length Tore=-
ing the trapped gas out into the pharynx vhere eructation was completed.
Just preceding eructation there was 2 fleeting clozure of the glottis
and a transient rise in intrapleursl pressure. Later work showed that
eructation can occur at any phase of the rmen ¢ycle, but In the animals
used and under the conditione of the experiments, it was most active
following the double contraction of the reticulum. Two things were ob-
vious, the cardia bad 1o be cleared and the esophagus relatively empty
of liquids or solids before eruetation could occur.

The second phase of the work involved the use of decerebrate sheep. It
wos learned from this work that the principal motor nerves supplying the

esophagus are the pharymgoescphageal nerve, the recurrent laryngeals and
the dorsal vegus, all branchea of the vagus nerves,
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Sufficient receptors are located in a relatively small area around the
cardia which when properly stimulated will inftiste the eructation re-
flex, This does not mean that receptors are located only in this area.

Receptors were found in a relatively small area around the cardia which,
vhen stimulsted by the presence of water, ingesta, mineral oil or foam,
would initiate reflexes which partially or completely Inhibited eructa-
tion. These receptors could be inactivated by bathing the arvea with a

1% solution of butyn sulfate. Following the imactivation of the in-
hibitory receptors anything in the viecinity of the cardias was Teructated',
whether 1t was gas, fluids; solids or foam, 1In other words, the positive
phase of the eructation mechanism seemed to be unaffected by the butyn

sulfate,
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