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INTRODUCTION

The outstanding importance of the vast mumber of microorganisms
in the zumen to the nutritional physielogy of the ruminant makes it
imperative that the factors influencing the numbers and types of these
organisms be thoroughly understood. It may be possible for dietary
needs of tha runminant to be assessed if the different fluctuations
associated with any change in microbial population are known. A know-
ledge of when these ruminal fluctuations occur and their causes, whether
it be due to external environment or dietary change, would be of
significant value in the preparation of retions which could stimulate
the rusinel flora to their maximum efficliency and in turn receive
maximm feed efficiency fram the animal.

These fluctuations ars accentuated by ration change, and to somé
extent seassnal variation of the weather., To detarmine the ¥xtent of
any of the various fluctustions kmomm to occur in the rumen, periodic
mfasureaents would have t& be made. It has been along these lines ithat
fhis study has been bassd.

The specific objectives 2f this projset are as follows: (1) to
make periodic checks of the in yYiyp rumen tamperature, (2) to make
periodic determinations of in yiyo rumen pi, (3) to make periodic rumen
flora activity checks with the use of the artificisl rumen, in yitro,
(4) to graphically illustrate how these determinations were affecisd by
any of thé various factors, (5) to attempt to grow culturely, rumen
sicroorganisms to determine any pewiodic concentration change which may



REVIEW OF LITERATURE
Ruminal pi

Extensive werk has been reportsd on the different alements
sffecting the zuzen bacterial pepulation. This werk has varied in
scope froam physical and environmental factors to variable components
attributed by chamical changes occurring in the rumen smviromswt, One
of the envirommental conditions of prime importance is rumen pH. Con-
siderable work has been reported as to its varistion and conditions
affecting these variaticns.

kEick ot al, (1938) reported a pH range from 5.5 to 7.7 depending
on the type of ratien being fed. It was reported that when alfalfa
alone was fed, the ingesta tended to be more alkaline and as the amount
of corn was increased in the ration the pil becams more acidic. These
warkers reported thit diurnal variation eccurzed accozding te the time
of feeding. After feeding the pH would becems maze acidic for a period
of approximately eight hours. Whem the animals were fed again, the
pH again would lower, at a slower rate, for about eight hours. The pH
would then begin to rise until a pesk was reached just before feeding
the following morning. Monrce and Perkins (1938) alse reported an
alkaline pH just prior to fesding in the morning, and a drop in pH after
feeding proceeded by a gradual rise reaching a pesk immediately prior te
the evening feed.

Phillipson (1942) reported that ihe pH of the imgesta varies in
a reguler manner; the speed snd extent of this variation depends om the



type of ratiom being fed. He reported that these changes reflect the
fluctustions in the quantities of oxgenic acids that accumulate in the
ingesta as a result of fermentation of food in the zuaen. It was also
stated that the fermentation rate in the rumen depends upon the diet being
fed, It was most rapld, in this particalar case, when mangolds and
cabbages were fed in addition to roughage. It was less rmpid when hay
alone was fed. Myburgh and win (1943) sgreed with previcus work in
reporting increased aclidity with the first four to six haurs following
fesding, after which it steadily reverted back to its previous level.

Since differential resdings are known to occur in different areas
of the rumen at cartaln times, it is essential that any 4in yiyn pH
determinitions be msde with this in mind. Also of importence is the
problem of saliva contamination encountered while using the stomach
pump method for obtainimg rumen fluid to be used for pH determinations.
#onroe and Pezkins (1939) also reported a series of varicus pH readings
which were dependent upon the location in the zumen the detaminations
wore made., The front portion of the rumen was foumd to be slightly more
acidic than the posterier part. Detezainations amade at deeper positions
showed the entirs lowser portion of the rumen to have z relatively
constant pH of woroximately 6.9.

Smith (1941) rsn similar deterainatiens which were considerably
lower than ip yivp pH determinations reported by other wezkers. The
front portion of the rusen was found to be slighily more alkaline than
the pestarior part. The determinations made at desper positions ehowed

the entire lower portion of the remen to have a relatively constant ph



eof spproximately 6.13.

It was reported that these low pH determinations may be due to
the fect that in Yi2X sasples taken to the laboratory for the determin-
ations will tend to lose carbon dis xide malritgy them considersbly meze
alkaline. To prove this imi th made the following in vitre and in wivo
coaparison,

TABLE I. COMPARISONS OF IN YIIRO AND JN YIVO pM
DETERMINATIONS OF RUMEN INGESTA

= e e e =
Deep

Deep Deep
Pront Front Middle Middle Rear Rear

inimal No. 1
m nm 6.” 6.55 6057 6.‘3 60“ 6.57
m m 6.32 6.32 6032 6028 60” 6.25
Animal No. 2
m m 6.88 6.49 6.61 6,23 6.17 6,10
m m 6.. 60‘0 6.10 6.H .-" 6516

_

Bath in vitre end in vive readings were taken at the game
locstions in the TUen. The i yiiro detemiqstions were mede 30 minutes
after the Spmple was taken. From these reports it can be easily seen
there can be no set pH value placed on any specific section of the rumen.
The more thoroughly the ingesta is mixed the more uniform will be the
pH values,

To aske determinations g yiixe that will vary as little as=
possible from jn Yiyp readings, it is imperative that the pH be deter-
mined as sean as possible after extraction from the rumen, Myburgh and



Quin (1943) reported a constant rise in the pH of the ingesta in
relation to the length of time it was ewosed to alr. Blake ot al.
(1987) zeported that rumen samples ¢ollected arally wexe consistently
higher than thase collected via rumsn fistula. Clark and Lambard (1951)
reported that this would be dus largely to the basic reaction of saliva
ensountered via the stomach tube.

A diurnal pH fluctuation was observed by Nettle (1956) in which
the pH changed in a sannar similar to the diurnal fluctustion of rumen
bacterial concentrations., He also reported that there was a seasonal
tyzend in which the pH alse followed the bacterial concantration trends

of the rumen.
Ruminal Temperature

Rumen tempesature is an important intraruminal variation which
mist be given due consideration in determining what may affect Fumen
microorganisms. Using thersocouples aivl a recording potentiometer,
Dale et al. (19954) reperted that ip Yive rumen tsapezature was 4° F,
above the rectal temperature when feed was slways available to the
enimal, When fewd was zemeved for 24 hours, the rumen temperature was
only 1.5 F. above the rectal temperature. Whem four pounds of hay were
fed to the fasting animal, however, the temperature of the rusen increased
(within 19 minutes after the cow began eating) from the prefeeding level
of 38.3° C. to the fed level of almost 40" G. The normal temzexature of
the rumen in this experiment was epproximately 39° C.

Nangeroni (1954) confirmed the fact that the ingestion of foed



raises the intraruminal temperature. However, thea extent that the
temperature was ralsed cannot be considered to be of such a magnitude as
to cause digestive disturbances. The theory that overeating may lead to
detrimental effects due to mxcessive heat produced in the rumen, seems
to be without foundation, ascording to the results cbtained from
fengezoni’s expeuiment, Froa the review thuam far it seems reasonsble
to assume that with a change in microflora activity there nay ba a

concurrent change in rumen temperature and ecidity.
1n Yitre Deternination of Cellulose Digestion

Studies an the role of rumen microerganisas in the nutritian of
suminsnt animals have led to the developaent of the "artificial rumen”
or in ¥itsc fermentation technigue. This mathod of determining
digestion coefficients has been widaly used in recent years as a method
of measuring the celluloss digestion of rumen microorganiems. Hecent
work by Hexrshberger et al. (1959) has shown s eorrelation coefficient
of + 0.97 between in viyp and in Yitrg cellulese digestion, using ovine
ruaen microerganisms, all-glass fermentation flasks, and a 24~hour
fermentation period for the in Yitre snalysis. Other work reported by
LeFevze (1998) also showed a very high correlation between in yivp and
in ¥Atzo cellulose digestion. Quicke et al. (19%9) has reported that no
significant difference was observed between results obtained in yitro and
in vivo with grass hays, however, in some of the legume hays, cellulose
digestibilities, as mesasured by the two methods, wars significantly
different. It was further exlained that vesults obtained with the



in yitro technique showed good reproduction ability and, in general,
variances were less than those calculated for the corresponding sheep
trial data, Pigden and Bell (1955) have demonstrated that total
digestable nutrient values obtalmed after a forty-eight hour fermentation
period (ip viizg) compazed favorably with the values obtained with sheep
(in yivae). Hueter et al. (1958) also reported a clase agreement
qualitatively between the in yive and in Yitze methods of determinations.

Washed rumen bacteria, purified diets, end shale filtered rumen
liguor, have all been used for the jn yliro determination of cellulose
digestion, Barnett (1957) reports that the use of whale filtered rumen
liguer may be used to greater advantags in obtaining gzeater correlation
between in Yivye and 10 vitre trials on the assumption that microflora
used by this method sre kept more active for a more suitahla lenath of
time. It wes also reported in this axperiment that good sgremment was
obtasined between cellulose digestion in yitro and the digestion of the
crude fiber of silages, as msasured in sheep trials.

Thare ars sany variable factors kmown to affect the cellulolytic
breakdown by the rumen microorgsnisms, It is & well known fact that the
breakdown of cellulose and hemicelluloses is through enzymatic action.
éince cellulose splitiing enzymes are not secreted in tha digestive
tract of the mminants, these enzymes must be produced by symbiotic
microorganisms pressnt in the rumen. ritts and Undexkofler (19%4)
reported that the cellulose degredation enzyme may be a "celloglucosidase™
which hydrolyses individuval glucose units from the ends «+f cellulose
chains. @Gill and King (1957) reported thet enyymas shich catalyze tim



hydrolysis of carboxymethylcellulase are made up of at least three
pratein species.

Of the many fattors which may affect cellulose digestion by the
rumen flora, ration components may well have the greatest effett, Louw
and Van Der Wath (1943) reported that thi addition of easily digestible
sarbohydrates such as starch, cane sugar, or glucose to the ration of
gattle or sheep raduced tha digsstibility of the fiber. Hoflund et al.
(1948) rejorted that small amcunts of a readily avallable carbohydrate
aided cellulose digestion, whereas large emounts inhibited it. This was
substantiated by Hunt et al, (1954). It was also reported that optimal
eellulose digestion is necessitated by a balance between readily
avallable carbohydretes and protein. Hueter et al. (1958) later
reposted that carbahydrate enhances ammonium utilization, Burroughs
ot al. (1949) who further verified this, alao reported an increase in
need for protein or protein supplement in order to maintain efficient
roughage digestion. Burroughs et al. (1950) reports that there are
twe groups of factors affecting rumen flora sctivity,. The first
Tepresents those conditions which are more or less fixed or regulated
by the physiclogy end anatomy of the host animal., Such variations es
tmperature, molsture, salts contained in saliva, snasroblosis,
absorption of organic acids through the rumen wall, motion of stirring,
and pessibly the exclusion of light would fall in tha first group of
influential cenditions.

The second group represents donditions subject to variations that
are zrelated to the enviromment of the host animal. This would include



the: types of organisms present in the rumen or in the inoculum of the
fermentation flask, the nutrients available to the bacteria present,
and certain properties of the medium such as pH, total acidity,
sxidation reduction potential, totsl salt concentration snd possibly
symbiotic relatioms between the diffsrent types of miicroorganisms,

Quin et al. (19%91) reported that the affsct of fasting also
decreased cellulose digestion in the rumen. Hall et al. (1953) and
Benthy et al. (1954a) have reported that in wiire cellulose digestion
was stimulated by certeln B-vitamins, particularly, blotin, paraamino-
benzoic acid (PABA), vitamin By5, vitamin Bg, and pantothenic seid, as
shown by an increased cellulose digestion and volatile fatty acld
production, Macleod snd Murray (1956) reported that optimum in yitxo
cellulose digestion occurred over a comparatively narrow range of
nitregen concentration in the aedium and above this range, inhibition
accurred.

Bacterial Types and Consentration

Conditions which affect cellulose digestion are in turm directly
related to the activity and concentration of the rumen microorganisms.
It was reparted by Gall ot al. (1949) and Baker (1943) that species and
breed within spe~i== do -ot play a sajor role in influancing the rumen
flora, alse the miscellansous factors found im a change of location did
et sppear to influence the kinds or numbers of bacteria present in ihe
rumen. Gall et al. (1%46) found the only variable studied which did seem
to influence the bacterial population was ration and here changes were
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mot so much qualitastive as quantitative, A change in an snimal's ration
seess to affect the runen flora to some extent as well as having, in
some Cases, adverse sffects on the animal itself, Hoflund (1948)
reported that even death mey result im individual cases where there

has been an adrupt énange from a low to a high protein diet. Hungate
ot al. (1952) reported that frequent fatal indigestion can be enduced
in sheep on a diet of hay by changing the diet to grain, It was
explained that the probable reason for this is that when a ratien is
changod it causes significent fluectuations in the microbiological
agtivities. The feed, subjected to immediate fermentation, will have
sdverse effects on the host. It has been well #itablished that thexe
are different concentrations as well as different type:s of organisms for
high concentrate raticns and high roughage rations, Gall et al. (1948)
and (1949) reported that animals on a high grain ration showed more
fast growing orgenisms and higher growth than the low grain or pasture
animels. It was also reported the kimds and mmber of bacteria in both
cattle and sheep on winter rations did not sppear mavkedly different,
Mungate et al. (1952) also reported that a marked change in the yumen
organiems occurred when an excess of grain or jlucose was Sintroduced
into the mmen., It was found that tha eellulolytic bacteria are greatly
deczeoased in numbers, protozoa diminigh and the relative number af gram
pesitive bacteria incresses. Contrary to this report, Bryant and Burkey
(1953) remorted that the level of feeding of alfalfa Nay-concentrate
zration sppears to have litlle effect on the groups or mmbexs of bacteria
and that the numbers of cellulolytic bacteria present per ml of rumen
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ingesta was not markedly influenced by the mmount of fiber in the ration
because the mmber of these batteria found when the concentrate ratiea
was fod was of the same magnitude as when rations of higher fibers were
fod. BDortree st al. (1946) reported thet bacterisl count variations were
not markedly influenced by a change in quality of roughage retion.
Likowise, when the snimals were changed from hay to pasture the changes
in the counts were not great., However, when three pounds of glucose was
added to the usual feeding of hay, the counts were mbout 100 percent
greater then those observed on hay slone. Administerimg starch in a
siniler mannser produced bacterial counts which ware only slightly
different from those abtained from hay alonw.

While the rumen population seems to vary with different rations,
there has also been work reported om diurnal variations affected not
only by the ration itself but as to the time of feeding and the length
of time it is being digested in the rumin, Johnson et al. (1944)
reported the greatest number of bacteria and the fewest proftozoa one
hour after feeding. At succeeding intervals the mmbers of bacteria
deczeased while the numbers of protozoa increased more or less regularly
for 16 hours. Bortree et al, (1946) had taken rumen samples prior to
feeding and at two-hour intervals after feeding for periods of 10 to 12
hours, Results show a rapid increase in the number of orgenisms present
in the rumen two hours after the animals have been fed, and that these
counis are maintained or increased for several hours, then gragdually
return to the range observed priar to fesding. Nottle (1956) reported
significant diurnal fluctustions in both bacterial concentrations end
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rumen pH, as was mentioned previocusly, and that a marked difference
occurred in the nature of the diurnal curve for bacteria in sheep which
were fed two diets identical except for the protein source in the
concentrate portion of the ration. Shehata (1958) gave the following
sumarxy as to diurnal flora variation in the rumen.

Differences should be expected in diurnal variations of
bacteria in sheep fed on different feeds. Assuming all con-
ditions, particularly volume of rumen contents, were similar
in experiments, then these differences may be attributed to
chemical and physical changes or properties of the feed
substance. These properties will affect the rete of avell~
ability of nutrients to the rumen bacteria and consequently
influence the diurnal change. If most of the nutrients are
readily available one should expect a rapid increase of
bacterial count which would be followed by a rapid decrease.

However, if only a part of the nutrients are readily available
later on due to chemical decomposition, to changes in physical
properties, or to symbiotic action of different bacteria in
the rumen, then the early rapid increase in bactexria may be
maintained at a high level for several hours after feeding.

Another influential condition affecting bacterial variations was
reported by Nottle (1956) which pertained to a seasonal variation. He
Teported that tha pH of the rumen fluctusted seasonally as well as
deily, in a manner similar to the seasonal fluctuations of rumen
bacterial concentratiocns. Moir (1951) also reported this seasonal
fluctuation but suggested that it was due to the source and availability
of nitrogen.

It would seem, from the review thus far, that the conditions of pH,
teaperature, and activity may be affected, either directly or indirectly,
by the type of ration being Jed. Although there seams to be some contro-
versy on the subject of bacterial concentration and the type of orxganisas

present in the rumen, it seems that thase variations will depend largely



13

on the ingredients of the ration being fed. Bvidence has been shown
that sn incresse in bacterial concentration occurs when resdily available
tarbohydrates are fed, es well as & change in the types of organiemss
present. With this Lkactexial change there seemss to be a change in the
degree and rate of fermentation in the rumen, which would gppear to
promote a change in the rumen tempersture. With the possibility of
excess fermentation, there also would be an incresse in the formation

of volatile fatty ascids which would in turm lower the atidity of the
rusen. The work reviewed has shown when wad peseibly wihy, in seme cutes,
the reason these variations occur.

Culture of Rumen Organdiams

The cultural growth of these organisms has been attespted by
various workers, with success in some phisss of the work., There have
been various culturing techniques uaed with Doetsch et al, (1992)
reporting a fairly successful technique using mell tudes inoculated
with dilutions of rumen ingesta. Gall et al. (1947) reperted a very
succesaful method of determining rumen bacterial counts. This eetimd was
atcomplished by the use of nigrosine, a negative stain, which cclors the
background but leaves the bacteria unstained. This sethod of staining
was used by Moir and Wiliiams (1950) and Nottle (1906) with good results.

Cultural ssunting of the total concentration of rumen m‘Cro-
organisas is a technique in which results will vary excesdingly between
culture plates or tubes. Huhtanen et al. (1952) and Wilson and Briggs
(1958) reported that cultural counts inwlviag inoculum of single tubes

131540 SQUTH DAKOTA STATE COLLEGE LIBRABX
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cf sedia using 10-fold dilutiom., commonly show 10~ gnd 1CO- and
sozetimes 1000-fold differences even when samples are obtained under a
single standazd set of conditions,

Due to ths vast camplexity of rumsn eicrobiology, variocus phases
of the work hes yet to be succassfully accomplished, particularly in the
azes of culturing rumen micrsorganimis %o obtain total counts.

¥t 1o clear fzam the current review that no sigple explgnation
can be given for results obtained by studying ths effect thut different
zatlone may Asve on the individual aaimal. To control the nutritive
levels of rumlnants, thsg nutritive cequirement for the microorganisams
in the rumeap qust be known, as well aes envirormental conditioms for
which these organizas are best adepted, for optimm, nutritiomal
efficiency. Two of these conditicns, thought to affect tha microbial
efficiency in the rumen, are the pcidity of the ingesta containing the
orparisms and the texperature evolved from the fermentatien resctions
ocowxring in the umen. In this project it was |wped to obtain
infommation an how the variability of these two conditions would affect
or de offectod by tha cellulocse digeating ability of the microorganimas,
22 tocded by 4 vitro determisstions. informatica on total rumen
microorganism conceritration, was attempted to further substantiata aoy
variations thet =ay oceur during the teat perlad.
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METHODS OF PROCEDURE
Experimental Animals and Rations

The various determinstions needed for this project were ebtained
from grade Hereford twin steers and four wether feeder lamis, predomi-
nantly of Hambouillet breeding. One of the steers had been fitted with
a xumen fistula, while the other had been cannulated. Al]l four wethers
were cannulated. Figures 1 and S illustrate two of the gannulated
animals. At the beginning of the test period, the stesrs weighed
approximataly 1250 pounds with the canmulated steer being the heavier
of the two. The four wethers weighed spproximately 160 pounds each with
little variation between them.

Astiens for the animals consisted of a high roughage and a high
soncentrate ration. The high roughage ration consisted of 3 pazts
roughage snd 1 part concentrate, with the concentrate ration being sade
up of 3 parts concentrate and 1 part roughage. The concentrate portion
of both rations censinted of 30 perxrcent ground Mo. 2 yellow corn and
S0 percent ground whole oats. Medium quality alfalfa hay made up the
roughige portion for both ratioms. A protein analysis msde of the
rations showed them to be quite similar ss to protein content, with the
rougbage ration having 12.47 pexcent protein and the congcentrste ration
having 14,22 percent (moisture free basis).

It was essential for this type of praject, to keep the gquality of
the ration ingredients as closely the ssme as possible throughout the
test period. This is especially tzue for tha roughsg® portion of these
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rations, since quality of forages may vazy considerably. To insure
fairly constgnt quelity of the roughage, a lazge amount wos 394 aside
in tha hopes of lasting throughout the test paricdi. hHowever, the latter
three weeka of tssting had (o be supplemented with a higher quality of
roughage thsn had been previcusly used.

The entire ingredisnts of the rations were ground, mimsd and sacked
at the college feed unit to insure proper mixing of each ration.

Each experimental e~ 'mal was fed twice a day, at spproximstely
8400 a.m. 206 5100 p.m. The stecrs waze fod 28 pounds each per day,
wiach leter waa found to be an excéssive amount. These retiocns wwxre
decreased to 20 pounds per steer which sufficed for ¢thbe remainer of
the test pericd. The four wsthers received 4.5 pounds each per day
which also was zeduced to epproximately 4 ;ounds depending oa the
indlvidual aninsl.

The steers and tw0 of the wethers wers kept on the high roughage
ration throughout the test pericd, @xcept for the inedvertant feeding
of eoncenizate 20 tha wwtbars 63pposedly on the roughage ration. The
two Temalning &Ky were switched during the llth week of the trial
from the high roughege ration to tha high concentrate ration. They
renained on this ration for 14 weeki and were Chan returnié to the
ariginal roughage ration.

All asnimals with the exception of one wether, receiving the high
soncomtyate ration, ramained on feed throughout the entire periocd. A1l
animals had access to salt and trace mineral mix at all %times,
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in Yiye Ruven pif

In determining the variations in rumen pH an€ temperature over a
designated period of time, & workasble achedule of making these determins-
tions hed to be made in which representstive observations could be
ebtained of the dally and weekly fluctuations within the rumen.

The pH determinations were side on Tuesday and Thursday of each
week during the test period and three times during each of these days,
on sll animals ussd in the experiment, Morning pii observations were
taken prior to the msrning feeding, with deteminations again made at
approximately 11300 a.m., three hours after the feeding. The evening
readings were mede just prior to the evening feed.

For the first two weeks of the experiment a Beckman portable pH
aster, @aodel 180, was uased for making the detersinations, as pictured
in Figure 2. Due to the small openings in the cannulas, pi readings
had to be @ese from a flask after extraction of the rumen fluid. A
Thompson suction pump fitted with s suction flask was used to obtain
the rusen fluid for these obsecvations. This is 1llustrated in Figuze 4.
The pll readings were made immediately wpen obtaining the fluid from the
Tumen,

Due % fluctuation in readings of the portable Beckman meter snd
delicacy of the electrode, it was decided to mske the pH determinations
in ¢he main lsboratory with the use of the more accurate Beckman meter,
asdel 42, shown in Figure 6. There seemed % be little variation between
odaervations made izmmediately after extradtion of the rumen fluid end
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Figure 1. A view of a cannulated sheep.

Figure 2. A view of the determination of pH using
a portable pH meter.
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obsexvations made in the laborstory with the larger pH meter.

To keep the pH as constant as possible during transportation to
the laboratory, pre-heated, stoppered quart and pint thermos bottlas
weze used, as shown in Figure 5. All determinations were misde within
one hour after extraction of the rumen fluid with very little variation
in pH occurring during this time. A usual sample of fluid consisted of
between 400 and 600 ml depénding on the cantainer being used. The pH
of each sample was taken immediately upon reaching the laboratory, prior
to straining of the fluid in preparation for the artificial rumen.-.

In Vivo Rumen Temperature

Rumen teoperature observations were made at the time rumen fluid
was extracted for the pH determinations. In this way both pH aad
temperature of the rumen could be observed before feeding in the morning,
at noon, fallowing the feeding, and just prior to thai evening feed.

A centigrade thermometer was used for these determinations, which
was gradusted in O.1 degrees.

All teapezrature obsarvations were tsken directly from the rumen
ingesta. The thermonmeter was inserted approrimately 8 to 10 inches into
the canmula opening and held in this position for tsw minutes, as
illustzated in Figure 5. This allowed ample time for thermameter reading
to rise to that of the rumen temperature. It was found that more
accurate readings could be obtained if the thermometer was lifted out
of tha cannula just enough to observe the reading. If completely
removed before the reading was observed, the tamperature would tend to



be lewsr than the actual temperature of the rumen, dus to the lowar
tempersture of the atmosphere.

It was found that the thermometer could be inserted into the
fistulated animsl by slightly adjusting the fistula and inserting the
thermoneter dirsctly beside it, without its removal. This proved to be
a better method, with more accuracy and less discomfort to the animal.

To avoid tha difficulty of obrerving abnormally low tmmperature
due to water intake, animals wers given llamited access to the water on
days observations were made. At other times water was given fres choice.

The animals were quartered in the animal husbendry nutritional
research building. Saparaste pens balng used for the sheep, as shown in
PFigure 3. The steers were sianiiomsd prior to the evening feed and
released the following morning, immediately after fesding. However, on
days observations were made, they wers kept stantionsd until after the

noon readings were taken.
in Vitro Rumen Flora Activity

In making in YitZe rumien activity checks, it was again necessary
%o mske the determinations at a time which would give the best representa-
tive information for tha test peried. pDue to the time consuming procedure
of making artificial rumen runs, it was only possible to make two activity
checks of each animal per week. These determminations wexe mesde simultan-
eously with morning, noor. and evening pH and temersture observations,
The inoculum for the first weekly 4in yitzg activity determinstion was
taken in the morning, prior to feeding, iIne following Thursdsy, an
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Figure 3. A view of the pens housing the cannulated sheep.

Figure 4. A view of the Thompsen suction pump fitted
with a suction flask,




A temperature determination being made from a cannulated
steer, also stoppered thermos bottles used
to transport rumen fluid.




in yitro detemmination was made of rumen fluid obtained during noon obser-
vations. The first determination of the following week was then made of
rumen flora sampled during the evaning obs#rvations, This pattern of
making in Yitzo determinations was used throughout the entire period.

The rumen fluid was transported to the laboratory in the same
manner as for that of the pH determinations.

The in vitro fermentation method used for obtaining cellulose
digestion coefficisnts was carried out according to the procedure of
Burroughs et al. (1950) as modified by Bentley et al. (1954a). Herxsh-
berger et al. (1955) reported a rapid volumetric method for the determin-
ation of &sllulose, which was used in this experiment.

Selka floc, a purified wood celluloae ralativaly fres of lignin,
was the source of cellulose used for ths rumen microorgsnisms, during
An yYiiro fermentation. The composition of the basal medium used in ill
in Yitze fermentation trials is listed in Table II. After preparation
of tha fermentation flasks, they ware placed in the pre-heated thermo-
staticly controlled water bath (38.0° C. Y 0.2° C.) and individually
gassed with carbon dioxide, as shown in Figurs 6. Two=hale rubber
stappers were fitted with two glass tubes, ona going below the surfacs
of the medii= in the fermentation flasks, thoroughly flushing the flask
with carbon dioxide, and the other acting as an escape route for excess
carbon dioxide. The carbon disxide was passed through the medium of
ecach flask at a slow rate, kesping the flasks as anaarobic as posaible
and giving the msdium » slight swirling action.

Prior to the inoculation of the fermentation flasks, the rumen
fluid was strained through four layers of cheesecloth. Immediately
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TABLE 1I. COMPOSITION OF BASAL MEDIUM FOR THE IN VITRO RUMEN FERMENTA-

TION

D e T —

Constituent Grams/100 Milliliters

Selka Flecl 1.00

NazﬂPoh 0,113

N‘HZPOA 0.109

NaH PO, *Hz0 0.125

KQl 0.043

NaCl 0.043

MgSO, +7 HyO 0.01164

"‘2S°h 0,015

FeClB 00,0044

Glucose 0.40

Urea 0.168
Micrograms/100 Milliliters

Biotin 20,00

PABAZ 50.00

Valeric Acid 10.00

Inoculum3

Milliliters/100 Milliliters

40,00

il

2Paraaninobenzoic Acid

purified woed cellulese

3Whole rumen fluid strained through feur layers of cheesecleth,



Figure 6.,

A view of the apparatus utilized for in vitro digestion.

Gc
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after straining, 40 ml of the fluid was added to each of the duplicate
flasks corresponding with the animal from which the rumen fluid was
obtained. Glassware was thoroughly cleaned and new cheese cloth used
after straining the rumen fluid from each individual animal.

Adjustments of the pH to 6.9 for each flask was made at four-
hour intervals during the first 12 hours of feramentation and every 10
to 12 hours thereafter. A saturated solution of HaglOz was used to
adjust the pH.

At the temination of the femmentation period of 22 hours, the
flask contents were diluted to 100 ml with distilled water, luplicate
10 ml aliquots were teken for the cellulose analysis, after a thorough
aixing of the medium. The cellulose determinations were made accoxding
to & rapid volusetric method of analysis, as explained by Hershberger
ot al. (1933).

Culturing of Humen Microorganisas

Kumen microorgsnisms were cultured in the Bacteriology department
laboratory, with the assistance of personnel fram that departaent.

Rumen flora used for lnoculations ware transported tao the
laboratory by means of the stoppered thermos imttles used for the
Previous determinations. All thermos bottles containing strained rumen
fluid fer inoculation purposes were first thoroughly flushed with carbon
dlaxide before transporting to the laboratory for culturing.

It was fourd that several different methods of culturimg as well
as different types of media had to be experimented with, in the hopes



of finding a suitable method for determining total counts of each of the
individual animals.

The fizrst attempt at culturing the ¢rganisms involved a plating
tachnique in which sterile petri dishes were used. The larger top of
the dish was inverted and a small designated amount (0.3 to 0.5 ml) of
undiluted rumen fluid was placed in the center of it. Immediately fol-
lowing this was 1% mi of the culture media which hed been autoclaved
for 15 minutes st 1207 C., and cooled to spproximately 40° C. After
thoroughly mixing the culture with a swirling mution, the bottom of the
petri dish was placed flush with the surface of the medias. To insure
snasrobic conditisns, melted beeswsx and paraffin were poured along
the edges of the plate. The media used for this technique was described
by Mubtanen (1932), to which was edded 0.2 percent celloblose for &
bactezial carbon source.

Because of a laok of consistency in tha results obtained from
this method of culturing and excessively lower counts than noresl, it
was felt a new method should be employed.

A 3011 tube technigue used by Doetsch et al. (1952) was used as
the next mathod of rumen culture. Sczew cap test tubes were used to
insure anaereobic conditions throughout the feraentation peried. By the
use of these tubes (15 mm » 125 mm), blown caps could be awvoided, which
occurs fraquently with this type of culturing. This is due to the lazge
amounts of gas usually produced by ¢ertein gas producing microorganiems
Pzesent in the rwmen. A comsercial media was used with this sethod,

kaown as Bagto MacConkey Agar. Its constituents are listed in Tahle III,
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PABLE III. COMPOSITION OF BACTO MacCONKEY AGAR, A COMMERCIAL MEDIA
USED FOR THE CULTURING OF MICROORGANISMS.

mﬁ

Constituent Grams/liter
Bacto-peptone 17.0
Proteose-peptene, Difce 3.0
Bacte-lactese 10.0

Bacte Bile Salts No. 3 1.5
Sedium Chloride 5.0

Bacto Agar 13,5

Bacto Neutral Red 0.03
Bacto Crystal Violet 0,001

Cellobiese (carbohydrate source for rumen organisms.) 0.200

B — e e Y



By the use of s sterile micropipette, 0.0l ml of undiluted
imeculum was placed in a sterile tube, immediately followed by 3 ml
of autoclaved media previously cooled to 40°. C. After securing the
6ap, the media was solidified in a thin film about two-thirds of tha
way @ the walls of the test tube., This was accomplished by rotating
the tube uncier a Str#am of cold watex. The cap was than removed and
the tube flushed with carbon dloxide. Aftexr the csp hsd been quickly
reploced, the tube waé placed in an incubation oven set at 3%° C. The
incubstion time for ths bacterias, varied from 15 to 20 hours. Celony
counts were made of each of the three duplicate tubes prepared for
each sinimsl being uged.

Again due to a lack of consistency in the bacterial colony count
and being abnormally low, a new msthod of detezmining bacterial counts
was adopted.

A strain method of counting was attempted, using the nigrosine
amear tochnique as described by Gall et al. (1947).

The inoculum from s concentrate fed shems and a roughage fed
sheep were used in hopes of determining any difference in zumen
bacterial concantratian of the animals on these two different rations.

The rusen contents were diluted in a 1 percent starile glucose
solution to 1:11000. After the dilution was made, the bottles were
thoroughly mixed on an automatic ahaker at 240 oscillations per minute.
After mixing, 0.0l ml of the diluted inoculum was transferred to 2 slide
by the usce of & standard inoculating loop greduated to 0.0l ml. /in
equel ssount of one-half ssturated methyl alcohol solution of nigrosine



was thozoughly aixed with the inoculum and spread evenly over i 4 cm?
sres. The slide was then immediately flams dried and cooled. Counts
weze then made with a Spencer microscope under oll ismmersion. The

- bactezria asppeared white on the dark blus background and were easily
counted, however, & large number of artifacts in the slide geve
inaccurate counts and a new method had to be used.

For two weeks following the test period, grem positive and
negstive stains were sade from rumen fluid obtained from two sheep.
One of the animals, having been on roughage for about two wesks prior
to the tiae these samples were taken, wai immediately changed ever to
a high concentrate ration. The other sheep, acting as a control animal,
s kept on its original diet of roughage.

Morphological changes of the rumen micrcorganimss were to be
gbgerved during this ration change. Dally checks were made and slides
were kept to show any variation in tha types of organiams present.
Buring this experimental petiod, it was attempted to photograsph same
of the significant changes which appeared, with a Spencer photo=
microscope. Pictures wexe also taken of the live organiems, most of
which were pzotozoa, with the use of a cover slip pleced over a drop of
zumen fluid on a glass slide. This method of observing live organiams
is similazx to the "Aanging dxup”™ metind commonly used in Bacterziology.
All pictures wezw teken with ik 130 color fila.
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AESW.IS MDD DIICUSEION

The a3in okjective of this thesis wis %o CTIpare soue of the
vazieble fectors thet affect csllulose digestion in the pumen, Since
six animils have heen uged for the efperigcent, all 81x having different
pi, temperature, and activity variations, it is essential to Lceak “he
problem down into segments. The first results will be ziven for the
stears which weze on céntiwous roughage rations, follewed Ly the
results from the two sheep alsd on roughage rations. The results
deternined for the two animsls receiving a ration change will then be
@iven, To further cleeify this, each indlvicual anlmil had s corres~
ponding mamitexr whiCh el ll be used during the explanstion of the probies.
The fistulated steer was No, 11, with the canmulated steer being Mo, 12.
The four SDEOp were nambeped 1, 2, S, md 4. Sheep No. 1 and 2 were on
eontimuous high roughage, and sheep Ko, J and 4 wers fed both conrcentrets
and roughage,- intermittently.

Steers Fed a High Roughage Ration

Amisal _Riffarenca
Both steers were kept on the forage ration the entire length of

the trial. Ne: ther on9 eunt off feed during this period and Jft very
few oxts after feedings. Tha mean values obtained for pi, temperature,
old activity varistisns clwwed omly »light di fferences betwean the two
steers, during the entire parded. 4As shown in Table 1V, the zsen p¥
detarmined from the morning, noon, and evening resdings of steer Mo, 12
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(6.73) were slightly lower than that obtained from stee¢r No. 11, (6.84).
Figure 14 shows this lower pH tendency in graphic form for steer Ha. 12,
Only slight tesperature differences were observed for these two animals.
Steer No. 12, having the lowar mean pH, had a higher asan temperature
{39.81°C.) than observed for that of steer No. 11, (39.62° C.) This low
pH and high tesperature relationship may indicate that a higher degree
of fermentation is occurring in the remen having the lower acidity and
higher temperasture. A lower pi would probably be due to an increased
amount of organic scids being produced in the rumen as reporxted by
Phillipson (1942). 1f a higher degree of fermentation were occurring,
resulting in a highaz ptoduction of organic acids, rumen temperature
would probably rise alightly dua to the heat produced during the
fermentation reactions.

Table IV also shows the similarity of ip yitze cellulose
esofficients, with steer M. 11 having a slightly higher mean activity
(47.92X) than that obtained from steer Wo. 12, (45.90%). The digestion
of cellulose was used as an indicstion of activity.

It can be observed in Figure 11 that the patterns formed by the
weekly variations of pMd, temperature, and activity of steer No. 11,
follow quite closely the patterns formad by steer Wo. 12, as shown in
Figuze 12.

As pointed out earlier, these animals are twins which may account
for closeness of ebservationa between these two animals in phki, tempera~-
ture, and activity. The similarity of digestion and metabolism between
twin animals has been reported by Kelkar and Gullicksen (19%0).
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Diffszences in Moxrning. Noon. and Evening Detexminations of ni and
Isspezatuze

The two animals Mc. 11 and 12, although variable from day to day,
followed similar patterns for morning, noon, amd eviening readings of pH
and temperature. For example, it will be noted in Table IV and Figures
11 and 12, thst the morning pH of both snimals, teken prior to feeding,
wes the most alkaline of the three readings observed. The noon deter~
ainations, taken approximately three hours after fesiing, were the most
acidic, with the evening pH, takan just prior to the evening feed, being
generally slightly more acidic than the morning resding and less acidic
than the noon determination, e.g. Steers Mo. 1l and 12 had a morning
resding of 6.9, 6.88; a noon reading of 6.73, 6.61; and an evening
reading of 6.82, 6.71, respectively.

The results of theia pH observations are in complete accoxdance
with reports by Kick et al. (1938), Phillipson (1942), Myburg and Quin
(1943), and Nottle (1936). Diurnal wariations were reported to occur,
depending on the time of feeding, after which the pH would lower for
spproximately eight hours. It was also reported that a peak in pH
occurred just prier to the marning feed. Diurnal fluctuations observed
for these two ani=sls follow quite closely these same fluctuations.

The rumen temperature of the two steers (No. 11 and 12) varies
with the time of day but in an inverse mannez to that of pH. The
teoperature resdings which were taken simultansously with pH readings
(Table IV and Figuzes 11 and 12) show that the mean noon temperature to
be the highest of ilws three reecdings taken., The morning teaperature is



quite aimilar to that of the evening tempergture.

Nangeroni (1954) has reported that following a fesding theze is a
slight rise in rumen temperature followed by a gradual decline to the
pre~feoding levels, as raported here, The tims it takes for the
temperature to return to its lowest level would seea to depend en the
tise of the last feeding ind total fesd intake.

A period of apgproximately nine hours would elapse between morning
end evening feeds, From the evening feed to the following morning feed,
is spproximstely 15 hours. During this 15-hour interval, sumen tempera-
ture has sufficient time to lower to its pre-feeding morning level.
However, with only the nine-hour interval between morning and evening
feeds, the rumen bSewperature in the evening will only eccmsionally egual
the lower morning temperature.

Tamperature and pH readings were the only determinations observed
three times each testing dey, for all the anizals inwelved. S5ince
spproximately 30 hours were regquired in making sctivity deterainations,

only two such checks could be made weekly.

Selated oh. Tomeexature. sod Activity Fluctuations
During certain pericds of this trial, there sesns to be related

fluctuations between temperature, pM, asd activity, It will be noted in
Figures 11 end 12, during the fifth week, thers was a decline in activity
values for Meth steers, corresponding with a3 sharp decrease i{n tempera-
ture, Immediately follewing this, activity and temperature increased
simultanecusly. Bumea asidity, ia this instance, seemed to remain quite



¢onstant. Although this seems to be the only waak that this occurs
suzing a short period of time, it would appear that any decrsase in
activity should result in a decrease in rumen tesperature. It will be
noticed, however, that tempersture usually varies very little, as
compared to a change in activity over the ssme period. Although weskly
temperature and sctivity fluctuations show little relationship, over
the ntire trial there does s#em to be a grsdual corresponding tempera-
ture and sstivity change.

Figures 11 and 12 alse show that both animals had an increase in
pH valuss from sppreximetely 6.6 to 6.9 and & decrease in activity from
about 4% percent to 30 percent, simultaneously, during the final three
woeks of the trial. This seems to be the only part of the sxperiment
whare a pi and activity relationship is accentuated, for these animals.
This relationship seems to be more readily observad when activity drops

t0 & very low level, as it did during this period.
sheep Fed a2 High Roughage Ratien

Anlmal Piffexences
Sheep o, 1 and 2 weze slso fed the high roughsge ration used for

the two steers. However, during the 16th week, these gnimils were fed
the high concentrate ration inadvertently, resulting in some pronounced
changes, as shown in Figures 7 and 8,

Valuis obtained for tha mean pH, temperature, and activity, again
have shown only slight di fferences between the two animals. Sheep Mo. 1
had a s)ightly lewesr mean pH (6.60) than thst obtained for sheep Mo. 2



(6.78), s shown in Tuble IV. These differences ara graphically
illustrated in Figure 14, Rumen timperature for the two animals varied
less than 0.1° C., with sheep Mo. 1 having a slightly higher mean
temperature (39.77° C.) than for sheep No. 2, (39.68° C.) 4s previously
observed with the steers, the snimal hiaving the lower pH (sheep Ho. 1)
also has a slightly higher rumen temperature. Although these differences
are very slight, it may indicate, ss presviously mentioned, a higher
degzee of fermentation occurring in the rumen. Both animals hsd very
similer muen activity values, with sheep No. 1 having a lower vslue
{33.83%) than observed for sheep Mo. 2 (36.34%) as noted in Table IV.

As shown for the two steers, the patterns formsd by the weekly
variations of sheep lio. 1, follow quite closely, the patterns of sheep
Mo. 2, (Figures 7 and 8).

Riffexences in Moxning, Noon, and Evening Petezrminations
of pH_snd Iemgerature

These tws animals (sheep No. 1 and 2) seem to show a similar
pattern for morning, noon, and svening pH and temmerature readings, as
previsusly repoxted for stesrs la. 11 and 12. The morning pH determina-
tions, from both sheep, were the most alkaline of the three observations.
The noon readings wezre the mast acidic, with the evening determinations
being generally slightly more acidic than the morning readings, and less
seidic than the noon determinations, e.g. Sheep Ma. 1 and 2 had a morning
pH of 6.75, 7.03;5 a noon pH of §.48, 6.58; and an evening pH of 6.38,
6.65, respectively. These abservations also correspond with results
reported by the various workers, mentioned previously.



The temperature values, taken simultaneoualy with the pH determina-
tions, veried with the time of day, but in an inverse manner to thit of
pH: The mean noon temperature was the highest af the three observations
made, with the morning temperature being quite similar to that of the
svening determinations. Thess results are also similar to those obtained
from the two steers, (Mo. 11 and 12), and are in sccordance with the
work reported by Nengeroni (1954).

As noted in Figure B, the moon temperatures, for the fisst five
weeks, were unusually low for sheep Na. 2, Thers were alsc unusually
low temperatures observed, at certain instances during the trial, for
some of the other animals tested.

A controlled watering procedure was followed as closely as
possible throughout the sntire pestiod. However, thars wers instances
when the animals wers watered inadivertently, pessibly resulting in
spnormally low rumen temparatures, if the water was consumed prior to
the temperature observations,

Related ph, Tesperature, and Activity Fluctuatiens
Gne of the most promounced relationships of pH and activity, forxr

these two animals, sccurs during the 16th week (Figures 7 and 8) at the
tise of the inadvertent fesding of the high concentrate ration. Thare
is a distinct decline in pH values for both animals (sheep Ho. 1 and 2)
and a corresponding decline in ruminsl activity, (as determined by in
vitro cellulose digestion). Sheep No. L had a more pronounced activity
decline (35K to 15K) as well as a distinct recovery period, (13% to 32X).



Although the activity for sheep No. 2 declined slightly (4% to 38x),
there yas N0 recovery obsérved until the 17th weak.

During the last three weeks of the trial, these two shewp
responded to the roughage change iimilarly to the change observed for
the twn stesrs. In the 25th week there was a drop in astivity valves,
for sheep Mo. 1, from 40 percent to less than 10 percent im a two-week
period, followed by an incremmse to nearly 30 percent within the last
week of the trisl., Shaep Mo, 2 declined from 35 percent toa less than
10 pexcent, during thiz same two-week period, with me recovery observed.
During thesd activity declines, pH valuss for both animsls increassd
from spproxinately 6.7 to 6.9.

As shown for steers No. 1l amd 12, there s little weekly
relationships that can be observed for pH end activity fluctuatioms of
these two animals., Hawever, over the entire isst period there seems to
be gxradual temperature decrease that corresponds with a slight average
decrease in activity. This can be observed in Figures 7 and 8 during
the last eight weeks of the experiment.

Sheep Fed Roughage and Concentrate
Ration Intesmittently

snimal Diffsrence

Shaep Mo, 3 and 4 had a rstion change during the llth week from
s high poughage zation to a high concentrate ration., This was eontinmued
until the 2%th week, when tha asninals were returned to the original
roughage ration. Sheep Mo. 3 went completely of f feed during the lEth
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TABLE IV, MEAN MORNING, NOON, AND EVENING pH AND TEMPERATURE DETERMIN-
ATIONS, WITH MEAN ACTIVITY VALUES OF ANIMALS ON HIGH
ROUGHAGE RATION THE ENTIRE TEST PERIOD.

—— -

Time of Steer Steer Sheep Sheep
Readings No. 11 No. 12 No. 1 No. 2
w -
Merning 6.98 6.88 6.75 7.03
Noon 6.73 6.61 6.48 6.58
Evening 6.82 6.71 6.58 6.65
Ac. Mean 6.8l 6.73 6.60 6.75
Temper=
ature
Morning 39.40 38.64 39.81 39.58
Noon 40.07 40.6L 39.94 39.78
Ac. Mean 39.62 39.81 39.77 39.68
Mean
Activity L7.92 45.90 33.83 36.34

-_—eeee R R R R 2R,

“Accunulative mean of morning, noon, and evening determinatiens



week resulting in some extreme pH flurtuations, as noted in Figura 9,
This anieal was rether sluggish and tended to be slightly aff feed for
the Lalange of the trial, which sessmed to result in the extensive pH
flustuations. Sheep No. 4 remsined on feed throughout the entirs test
period, leaving few irts after each feeding.

The mean valuss obtained for pH, tsmperaturs, and activity
generally showed only slight differences betwean the twn animals. As
shown in Table V, the mean pH of sheep No. 4 (6.41) is slightly higher
than for sheep No. 3 (6.34), over the entire 28-week period. During the
initial feeding of tha roughage ration (first 11 weeks), the sheep (ho.
3 and 4) had uimilar pH values, (6.54 and 6.55, respectively). These
values were lawir for the period the comcantrate ration was fed, with
sheep No. 3 having a slightly lower valum (6.12) than observed for
sheep o, 4, (6.25). When the animals were changed back i the original
roughage ration (during the 29th week), they again had almost identical
meéan pH vsluss for the three week period, (sheep No. 3, 6.68 and shuep
Mo, 4, 6.69).

Mean t=peratusu differences between animals, during the entire
test pericd, were usually less then 0.08° C,, with the exception of the
last three weeks of the trial when roughage wes again being fed. The
rumen tamperature for both sheep (Mo. 3 and 4) decremsed during this
period (39.68° C. and 39.78° C., respectively), from a level of 40.05°
C. and 40.10" C., respectively, when the animals had been fed the
high concentrate ration. For the 28-week period, sheep No. 3 had a
slightly lower mean temperature (40,02° C.) than observed for sheep
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No. 4, (40.04° C,)

Ruminal pM {s considerably lower for these two sheep than
previously obsexved for the other animals (steers 1l and 12, sheep 1
and 2), and rumen tesperstures are generally higher. kick et ai. (1938)
hes reported that ss the axount of concantrates are increased in the
ration, the rumen acidity will alec increase. Phillipson (1942) has
stated that the fermentation rate of the rumen depends on the diet fed,
being most rapid when a readily avpilable carbohydrate was added. These
low pH and high tamperature deteminations observed for these two
aninsls (sheep Mo. 3 and 4) are probably again the result of increased
fermentation, with a higher production of organic acids, when the
concentrate ration was being fed,

Activity fluctuations for these two anlmals were genarally quite
similar thzoughout the test period, a® noted in Table V. During the
entire 2-wesk perlod sheep No. 3 had a highar mean activity value
(26.31%) than observed for sheep Ma. 4, (23.028). Higher mctivity
valuss were observed, for both animals (sheep W>. 3 and 4) during the
initial feeding of the roughspe ration (37.31% and 36.20%, respectiygly)
in the first 11 eseks. During the 14-week period imsediately following,
whan the concentrate ratisn was fed, Mesn activity values declined forx
beth snisals (Table V), with sheep No. 3 having a higher meen valus
(22.54%) than for sheep Ho. 4, (13.13X), Activity values for the last
three weeaks of the trial, when the animale were returned to the roughage
ration, showed a rise in mean activity for sheep No. 4 (22.43%) and a
slight lowering in activity value for shee Mo, 3 (22.06%) from the



previous period.

Both animals have shown a considerable decreasse in sctivity when
changing from the roughage to concentrate ration. Hessons for this have
besn indicated by louw and Van Der Wath (1943), Hoflund et al. {1948),
and Hunt et al. (1954) who have zeported that increased readily available
carbohydrates in the rumen, decreases cellulose digestion, Gsheep No. 3,
however, had only a slight decrease in activity when being changed from
congcentrate to the roughage ration, By all indications of work reported
and results obtained from sheep No. 4, the animal should have had an
increase in cellulose digestion duzing this change. It's believed that
the snimal's poor eating habits (going off feed) may be a contributing
fastor affecting thase particular results.

It can be observed in Figures 9 and 10 that the patterns formed
by the variations af sheep No. 3 generally do naét follow those formad
by the variations of the sther animal. Howsver, both show the character-
istic activity rise and decline immediately after changing to the
concantrate ration. There also seems to be higher tesperatures for
both animals, during the suamer months, as observed for thé other

animals tested.

The results for the pH and tesperaturs evalustions of these two
sheep, show a pattern similar to that obtained from the other test
animais used in this experiment. Tha mowt alkaline pH reeding was
observed in the morning, with the noon determination being the most



acidic. The evening readings again were usually slightly more acidic
than the morning obgervations, and more slkaline than the noon r®adings,
(Table V and Figures 9 and 10 ).

Tempexsture gvaluations for these animals varied with the time
of dgy, but in an inverse manner to that of pii. Ths mermming temperature
was usually the lowest, with the noon temperature being the highest
odbserved. The evening tamperature was gensrally not as low as that

gbserved in the morning, and seldom as high as the noon temperature.

Balated i, Iemoexstuze. and Astivity Fluctustions

¥robably ong of the mast pronounced changes in pH, tesmperature,
and activity in the entire experiment can be observed from the results
obtained from sheep Ho. 3 and 4, fed concentrats and roughage rations,
intezmittently, as noted in Table V and Figures 9 and 10. During the
14 weeks the concentrate ration was being fed (11th to the 2%th week),
there was a distinect decling in activity and pH values, with a corres-~
ponding rise in temperature. This pattern of fluctuation holds true
for both animals. It will be noted that is=~diately following the
ration change (roughage to concentrate) thare was a pronounced rise in
agtivity, followed by ihe decline to the lower activity levels. .'s
Tenaviad by Hoflund et al. (1948), mmall asscunte of resdlly evailable
cardohydrate aids cellulose digestion in the vmen, whereas lirye
smaunts inhibit it. This seems to be indicated for thete two animgl ®
(shoep lo. 3 and 4).

when the concentT rts was first fed, cellulose digestion increased,



then it seems as the microorganisms became battar adjusted to the new
ration, the readily availuble carbohydrates were fermented, leaving the
more complex cillulose to be digested later or not at all. As mentioned
in Hoflund®s report, ths fermentation rate increases with an increase in
readily avallable carbohydrates. As mentioned previously, this would
probably account for the higher rumen temperatures and lower ruminal
#cidity observed for these two animals. In the 25th week (Figures 13
and 14) when the roughage ration wes again being fed, thers was en
incresse in pH values from appecxdmately 6.2 to 6.9 in a two-week
period, followed by an abrunt leveling off to the end of the trial.
Corresponding with these pH fluctuations is the decrease in activity
(2% to 18K). Due to completion of the trial at this time, no recovery
period dauld be determined for these fluctuations.

Effect of Raughage (uality

Prior te the beginning of the experimental period, all of the
test animals were being fed a high quality roughage (leafy, green
alfalfs). ®ith the beginning of initial readings of pH, temperature,
and activity, & much lower quality of alfalfa had to be fed bwcause of
its awvailability throughout the entire test period. However, during the
final three weeks of the trial a change of roughage was agiin necessary.
Tis forage used during this period eppeared to be of higher quality than
had been previously fed.

The roughage change in the fixet week ¢f the trial was reflected
by an intensive fluctuation in aitivity (as detammined by in vitse
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TABLE V. MEAN MORNING, NOON, AND EVENING pH AND TEMPERATURE DETERMIN-
ATIONS, WITH MEAN ACTIVITY VALUES OF ANIMALS SUBJECTED TO
INTERMITTENT CONCENTRATE AND ROUGHAGE RATIONS.

———————a e

l

w ® g8 w v 53
.E = .E' gc e = S
Weeks © © o5 E g % o2
2 2 & 23 2 2 @ <3
pH Sheep No. 3 Sheep No. 4
1-28° 6.56 6.13 6.35 6.34 6.79 6.0L 6.42 6.41
6
1-11 6.81 6.37 6.44 6.54 6.85 6.31 6.49 6.55
11-257 6.32 5.85 6.21 6.12 6.73 5.71 6.31 6.25
25-288 6.79 6.59 6.67 6.68 6.87 6.58 6.6L 6.69
Temper-
ature
1-28 39,88 40.29 38.89 40.02 39.85 40.28 40,01 40.0L
1-11 40.01 40.20 4O.O4 LO.O7 40.11 39.77 40.27 40.04
11-25 39.83 40.49 39.85 40.05 39.71 40.69 39.90 40.10
25-28 39.56 40.00 39.50 39.68 39.56 40.23 39.56 39.78
Mean
Activity
1-28 28.31 23.02
1-11 37.32 36.30
11-25 22.56 13.13

>Values taken over the entire test period.

6Values taken during the first 11 weeks while sheep No. 3 and 4
were on the roughage ration.

7Values taken from the 11th week up to and including the 25th
week while sheep No. 3 and 4 were on concentrate ration.

8Values taken during the last three weeks of the trial, whén
sheep No. 3 and 4 were returned teo the roughage ration.



cellulose digestion), & slight decreass in temperaturs and higher pH
valuss, These changes can be observed on the indiwidual figwres for
oath animal or in Figures 13 and l4.

Soth the sheep and cattle showed similar pattern response during
this time. The animals appeared to adjust to the rougnage change during
the period, as desonstrated by a graduwal incresse in activity, lower pi,
end slight increases in temperatures.

In the 25th week the roughage change appeared to disxwgpt the
nomal curves of pH, temperature, and mctivity. It would be espected
that since the hay quality was improved during the latter three weeks,
that sctivity would rise. This, however, was not tzrue and the activity
tended ts dearease for sach animal tested, with the exception of shaep
No. 3 and 4 which did not deczremase until the 26th week. It could not be
determined, however, whether the adjustment to the forage change would
be made to a highar level than previously obtained, since the experiment
was terminated at this poiat.

Zaasonal Fluctuations

There masy be eome pl, tesperature, or activity variations occurring
in the rumen that may be attributed to seasonal weather change. There
eppears to be a slight incresse in both activity and temperature, fer all
af the snimals involved in this experiment, during the warmer susmer
months of the trial. Of these two veriations, temperature appears to be
Chs most responsive to the seasonal change.

Prior to thae warmer seasen ¢f the year, and immediately following



this season, this experiment showed that rumen temperature appeared to
be slightly lowexr for mil animals involved in the trial, e.g, the total
mean tmperatures (morning, noon, and evening determinations) for all of
these animals, over the different seasonal pariods ares let to thas 7th
week, 39.45° C., 7th to the 22nd week, 40,200 C., and the 22nd through
the 28th week, 35.43° C. No discernible fluctuation could be observed
for pH that may have been attributed by s seasonal change. Hawever, it
seems that if a change in sctivity and tamperature occurs, a corres-
ponding change in pH would also occur.

Nottle (19%) has reported sessonal fluctuations $n bacterial
concentrations and pH of the rumen, which could mot be relatsd to any
changes in eomposition of the rations fed. Meir (1951) also found a
seasonal veriation in rumen microorganisms, bkut attributed it to the
Qantity and quality of the herbage being grazed.

Mo work has been reported, as yet, as iz seasonal temperature
variation. Although very little work has been reported for any iwasonal
variations of the rumen, it sssms it may be a contributing factor to pH,

temperature, il activity fluctuationu over a seasonal period.
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SUMMARY AND CONCLUSIONS

Nork hai been done partaining to the fluctuation of in vitzo
rumen acidity, in ylwp rumen temperature, and }n yitro cellulose
digestion by rumen microorgsnisms. These three factors were studied
aleng with the attempted culturing of zumen erganisms.

The primary objective was to determine if thase three conditions
fluctuate coxrespondingly with one another and if they are influenced
by saasonal or ration change. Two steers and four wethers were used in
this trial. Two of the sheep were subjected to ration changes,
consisting of intermittent high roughage and high concentrate feeding.

Morning, noon, and evening pH and temperature determinations
were made every Tuesday and Thuzrsday for a period of 28 weeks. The
trial began in April and was teminated the following October, extending
through the spring, summer, and early fall months. JIn vitro activity
determinations were made twice a week, each having a 22-hour fermentation
period.

Temperature and pH observaticns of all animels used in the
experiment appeared to produce a similar trend that indicated (1) thaet
runen pH detexmined in the morning, prior to feeding, was the most
alkaline of the three readings, (2) the lowest pH determinations were
generally at noon, taken approximately three hours after feeding,

(3) evening rumen acidity values {prior to feeding) fell between the
morning snd noon determinations, usually being only slightly morxe
acidic than the morning readings, (4) and nmen temperatures (taken
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simultaneously with the pH resdings) followed similar trends shown for
the pH values, but in an inverse manner.

There was evidence shown in the experiment that certain fluctua-
ticns of pH, temperature, and actlivity were shown to have been due to a
change in roughage quality. At the beginning of the trial when a
poorer quality roughage was used, then had been previously fed, there
was a pronounced fluctuation of activity, correspending with an
increasing rumen pH and a slight lowering of rumen temperature.

In the 25th weak a high quality roughage had to be substituted
for the forage being used in the rations. An activity increase would
bs expected with a change of this type, however, activity showed a
declins after the change occurred. This drop in cellulose digestibility
by the rumen microorganisms was ismediate for the animals on the
continuous high roughage rations. Two of the sheep which had been on
concentrate were changed back to their original high roughage ration at
the same time the quality change in roughage occurred. A distinct rise
in sctivity followed this change to roughage. This higher cellulose
digestion was followad by an activity decline similar to that shown
for the continuous xoughage fed steers and sheep in the trial.

In the 27¢h week the animals on roughage ration (two steers and
two wethers), with the exception of one wether, showed a slight recovery
in their activity values, while no recovery was indicated for the shew
which had just been changed back to a2 roughage ration. Due e the
tesmination of the trial, it could net be deternined what the extent of
the recovery for the continuous roughage fed animals would be, or if a




recovery period would occur for the two wethers on the intermittent
roughage, concentrate ration change.

Jeasonal changes were quite evident in rumen tesperature
decreases during the spring snd fall months of the trial, GSlight
decreasus in ectivity observed for some 27 the asnimals duriig this
szae period seemed to correspond with the temperature decreases.
However, pil fluctuations durl:; this time did not seem to Corrtspond
with the temperature anc activity chenges.

Statistical correlaticas showing the relationship of pH,
temperature, and activity fluctuations wece anticipated prior to tiis
experiment. Linear correlations wize attempted with these three
factors, correlating only two of <he varisbles at ona time. ihe
results obtained indicated an sbnormal relationship between the three
factors, possibly dus to the difference in the mmerical values of the
different fisures. It seeas that pH (-logl‘)M) » correlated with
sctivity (percentage) or Ccmperature (degrees) Joes not show a true
relationship. A fluctuation of activity is not followed, to the same
degree, by a corresponding fluctuation in pid and tesperature. An
increase in activity may result in only a slight increase in temparature
snd perhaps a sharp decline in ascidity, all showing corresponding
reletionship but 20t the cama deégre¢ of change. If all three of thege
varfanles (pii, temporature, end sctivity) could be expressod with
sorkeble mmericsl valuss, it appears that ¢ aultiple coxrelatisn of

pl, t8aporetare, end activity mould elow a definite reletienehkis.
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