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RIA

STUDIES ON THE ALINENTARY TRACT OF THE MERINO SHEEP

WITH SPEGIAL REFERENCE TO THE ROLE OF THE RUMINAL

MICROFAUNA AKD FLOFA.

INTRODUQTINN,

The process of digesticn in the ruminant animal
entalis the combincd sffzots of mechanlcal, physical and
chemiocal faotors, The mechanical aspect has received due
attention by numerous workers, e.g. Bergmen and Dukes (1925),
Wester (1926), Alvarez (19528), Sehalk and Amadon {1928),
Trautmann and Schimitt (1833), Trautmann (1933), Briggemann
(1935), Krzywanek and Quast (1933), Quin and van der Wath
(1938), Several others have desoribed the physiology of the
ruminant stomach and the motility of the rumen in great detsil.

The ohemiscal and physical aspects of digestion in
the forestomachs however, have not yet fully been elucidated,
nor are the processes of digestion and absorption in the
abomasum and intestines clearly understood. Assumptions are
freely besed on what 1s known in regard to the human being and
animals with simple etomschs, e,g, the dog sand the rat, but
in the ruminant diffsrences in ansatomical structure and in
the type of diet mzy modify or gven completsly alter the
mode of digestion,

The character of the predigested food passing from
the rumen to the abomasum and intestines 12 unknown., The
processes whereby cellulose is broken down and the nature of
its products stlll form sublects f£or speculation, The most
importent etructural chenges of the rumen ingesta are due to
the fermentative wotion of enrymes preecent both in plants
ingested and espeoislly also in the rich microfauna and flora
in the ruwen, Fermentation in the true sense of the word, is

& strictly anaerobic process ascociated with gas produstion,

Howewer /e uieeensee
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However, not 2ll the procesces in the rumen e.g. the
breskdown of cellulose may take place according to this
oonception. A oertain amount of alr is swallowed by the
animel during feeding and rumination, so that the O, tension
within the rumen may show definite fluoctations, ranging

from merobioszis to almost complete anaerobiosie, This creates
favoureble cenditions in the rumen for the proliferation

of a great variety of microworgsnisms, including many

species of bacteris, protoroa, yeasts, fungl and even
spirochaetes,

Although the ecombined setion of all these orgenisms 1is
generally accepted to be responsible for the disintegration
of the food substances within the rumen, the role vnlayed by
each type or group in the breakdown of speeifio food
substances still requires explanstion, Thus the role of
infusoria in starch and celluloss digestion, although
intensively studied by Becker, Schulz and Emmerson (1930),
Westphal (1934), and Trier (1926), has not yet been clearly
asoertained, With a view to ebtaining more infermation on
the ocontribution of infusoria to the digestion of starch and
cellulose, the authior planned several ex»eriments in whioch
merino sheep with closed permunent ruminal fistulae were
used, The first objeot was to determine whether any
oorrelation existed betwesn the types and number of infusoria
and the diet of the animal. For this nurpose fistulas sheep
were fed different basal rations, and by & system of supple~
mentation with starch, the effects of various changes in the
diet on the infusorias, were closely followed, Secondly, to
asses3 the influence of infusoria on the digestion of starch,
the mode and rate of starch disintegration by infusoria was
studied. This was effected by observing the fate of starch
granules ingested by infusoris in the rumen, Chemiocal
determinations were also made to ascertaln the rate of

digestion/. ... ciunes
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digestion of starch in the rumen of sheep with their normal
infusorial population, as compared with the rate of
Gigestion in the seme animals without infusoria, A similar
experinent was conduoted %o deternine the influence of
infusorie on the digestion of cellulore in the rumen,

A study of infueorie in doresticated aninale
confinel to padcfocke or stebles mey noi be comparable to that
of animals under natural conditlions,

iloreover, a¢ 1t is known that infeetion with
infugoris ocours from mouth to mouth, the speecies and number
o7 infusori& in ruminsnte mey possidbly vary with different
hablites of grezins, Consequently & study of the infusoris in
sheep on nsturel pasture as compsred with stsble fed oondi-
tlions and alco of wild antelopss in their naturzl habitat,
doncriced & poertion of the work undertsken by the author,
Differential counte of the infusoria vere made, as well as
total counts, to determine the density of the infusorial
populations under the zahove conditions.

bue to the largs proportion of cellulose rnormally
present in the dist of ruminants, and also to the faot that,
as far as is known, no cellulose splitting enzyme is present,
in sny of the dlgestive secretions, these snimals have to
rely lsrgely on the symbietis action of micro-srganisms
specifically capable of aisintegrating celiulose and othér
related ribroues materials, This disintegration of food
materials aseists in th? reduction of bulk in the rumen,
exposes sncrustated food materials, like proteins and
minerals, to digestion, and aocelerstes the passsage of
ingesta throuch the gastro-inteatinsl trsct. This in turn
stimulates the appetits and inoreases consumotisn, Although
Meyer (1927) and Baker and Martin (1938) have shown that
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runinal basteria penetrate intvo and rupture the cellulose
wells of plant tissues, the influence of the rumineal flora on
the depgree of celluloae digeation in the rumen has not yet
been defined, A8 oceliluloss, partioularly that in nmeture
grase wveld hay, 13 only partieslly dlgested by the ruminant,
some factor or factors influsnoing the digestion of cellulose
are pobably in opsration, O0OFf these mry be mentioned (1) the
influence of Xignifloation of the plant %t1scues as indloated
by Louw (1942}, and {2) the abasnce of suffisient ruminal
mioro=-organisms to eusure meximal dlsiatsgrstion of the
oallulose in the rumen, The trportance of the lasinamed
factor was investignted in the courss of this =ztudy in the
following wayi!~ The degrse of oellulnec digestion in sheep
on & mature wvcld hay Alet wep determined by mesna of cellulose
me tabolion studies, After supplementetion 0f the veld hay
dlet with varliable amounts of proteln and starch, to asugment
the basterlal population, the degree of cellulonse &igestion
vas sguln determined, 60 af t3 uwseertzin thoe influence of

the inoreassed nuwmber of ruminsl bucteria on the ezlilulose
digsetion,

Avart from the digestion of celluloss, it is
logical to expect that other food eubstances in the rumen,
0.8, sugars, #tarches, proteine and fats, would 2ls0 be
attecked und utilised by the ruminel micro-organisms, vhieh,
&8 living oells, are in constant neced of vsrious elcments
essentisl for tissus bullding, Morsover, some of these
gubetances, e,g. SUZATS and atarches, may even be used in
vreferencs to celluloce, seeing that ocellulose 1s 02 a more
eomplex str“éture and auch more inm,;yestsble (Harilton, 1942),
In view of the Zact therefore, thet noxﬁﬂg_aigestion in the
ruminant is s¢ closely associated with the maintenance of

0ertain/eeeees e,
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oertain desirable qualities in its ruginal flora and fauna,

& more comprehensive study of these organisme and thelr
requirements was considered essential., This is particularly
necessary in Southern Africe where seasonal fluotuations in
the nutritive wvalue of the veld are very marked and where
deficiencies both in the quantity and quality of the food may
be either seasonal Or permanent, A great deal of work has
been done in regard to the requirements of pajhogenio bacteria
(Bainbridge, 1911 and Kendall, 1922), but little or no
information is obtainable from the literature concerning
ruminal bacteria. In order to obtain information on the
normal nutritionsl requirements of the ruminal flora, various
feeding trials were carried out during which bacterial counts
were made, Different ratios of oarbohydrate and nitrogen
were used to determine the effect on the bacterial ponulation,
Similarly, also, the influence of minerals on the ruminal
flora was determined to some extent., Furthermore, a study
was made of the types of organisms responsible for the
disintegration and degradation of starch in sheep.

Another aspect of digestion in the ruminant which
should not be overlooked, is the effect of predigestion in
the rumen on the later stages of digestion in the aﬁomasum
(or true stomach) and intestines, In humans and in
oarnbvores, food is swallowed directly into the true stomach
where it is exposed immediately to peptic-hydrochlorie acid
digestion, simultaneously with salivary (ptyalin) digestion.
The food is prepared in the stomach for further digestion in
the intestines, As no enzymes are seoreted either in the
saliva of the rumirant (Scheunert and Trautmann, 1921) or
from the walls of its forestomachs, digestion of food

entering/..........
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entering these compartments can proceed only by means of
enzymes contained either within the plant tissues themselves
or those elaborated by the ruminal micro-organisms., Only
after thorough rumination, mecceration and hydration do the
finest food particles pass through from the rumen to the
abomasum, lMeanwhile the foodmaae in the rumen is exposed to
the sction of various mlioro-orgenisms in preparation for
digestion further down the tract, where only very fire food
particles are found, Should the larger coarse materisl be
aliowed to pass through onto the surfaces of the rbomasum
and intestines covered by a very delicete mucous membrane, the
digestive processes in these regions would probably be
distubed, The significance of this predigestion of food in
the rumen only becomes apparent when one compares the
physical state of the ingsata in the different compartments
of the digestive tract, As & result of this predigestion,
the food entering the abomssum ic in a more advanced state of
digestion than is the case in animels with simple stonachs,
In these speoies the food, although insalivated, i1s as yet
completely undigested when it reaches the stomach, However,
the ooncentration of hydroéhloric acid in the gaztric julce
of ruminante appesars to be less than in omnivorous and
carnivorous animals, (Grosser, 1905, Rosemann, 1907, and
Bﬁlgowskz, 1912), suggesting that digeation in the abomasum
itself is less efficient than in the stomach of the carnivore
or omnivore, This, however, may be compensated for again by
predigestion in the rumen,

Observations recently umade by the author have
indloated that starch and cgellulose introduced inte the
abomasum ¢f the sheep are digested much more slowly than in
the rumen., Thus it was found that finely crushed maize

particles suspended in silk bags in the rumen are digested

within 48 hours, and oellulose (maize brzn) within five days,
8Amilerly/ceeceeeens
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3imilarly, maige particlee suspended directliy in the
abomasum through an abomzsal fistula was found to be eom-
pletely digested only after a period of f;ve days, whilst
bran showed no visible signs of digestion after 21 days. It
geems therefore as 1f predigestion in the rumen significantly
agcolorates the digestion eof foodsubstances, probably through
the agency of ruminal mioro-organisms, This aspect of
digestion scems to have considerable importance and to be
worthy of further investigation., Unfortunately, for the
purposes of the present study, investigation of the chemiocal
processea occurring within the rumen could not be carried
further,

Apart from the process of fond disintegration in
the forestomache, MoElroy and Goss (1939) and Wegner et al
(1940), have shown that bacteria, in the rumen of cattie and
sheep are ocapable of synthesising the vitamin B oomplex,
Thege investigators proved, therefore, that the ruminal
mioro-organisms could supply their host with vitamin B
should this be deficient in the diet, The abiiity of rumen
micro-organisng to synthesise vitamins, prompted the author
to investigate the possible synthesis of an important amino
&cid such as eystine, which is indispensable for growth
(Abderhslden, E. 1922) and of signifiocsnce in the produotion
of wool and hair,

The utilisation of non-protein-nitrogen by
ruminants has been eatablished by several workers (Mart et
&l, 1939, and Owen, Smith and Wright, 1941), but the
mechanism of conversion of non-protein-nitrogen, as contained
in urea, inte protein, is still unexplained, In view of the
faot that urea is sn lnexpensive scurce of nitrogen which ocan
be used as a substitute for proteins in times of scarcity,
an attempt was made 10 asgertain the influenne of the
ruminal bacteria on urea introduced inte the rumen. For

thi!/..-.......
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tais purpose, exporiments wera filrst aconducted in vitro to
study the cheniocal effects folliowing the introduction of
urea into fresh ruminsl ingesta lnoubated and kept in
ocontinuous to~-and-fro movement, At the same t&ﬁe bacterial
counts were mede to detarmins whethar thers wss zn absoslute
inoresse in basteria due to the addltion of non-protein-
nitrogen, On the results of these preliminary experiments
further experimentation with sheep wes planned, Letaboiisn
experimente were gprried out o detsralne waetrer the
obgerved increage in ruminel bacteris &8 & rasult of amide-
feeding could be ocorrelated with the utiligation of the amide
by the animals or not,.

This Wrisf refersunce to sone of the known cnd
unknown &8pects of ruminal biology end bLiochemistry, suggssts
&n importent form of symbicgis betwsen host and micro~
organisms, ‘Jhe implications of tule yroblem, particulerly in
regard to practioal economio facding of domestic stook have
stimuleted the author to atiempt en elucidation of some of
the digestive and synluetic funotions of thece micro-
organisms and their relsllonghip to the bost animal,

ilie onemicwul date was cbisined with the cc-operation
of ocolleagues frowm the Depertasnt of Chemistry.

Ine litersture referrcd t¢ in theze z2tudics is
not discussed oolleotively, tut seéperately with esch section
of the work as deali with., This ariangewment, it is hoped,
will assiet the rvadier to sorrsisie the relevant litarsture

with the researches actually carried out,

YI, TECHRIQUE ARD HETHCLS EHPLOYED,

{1) Colinetiocn of materials,

{a) Ruminal samples for the counting of
(1) Infusoris,
(11) Rscteria,

POI‘/-......
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Por the nurnoses of this study merino sheen with
closed normanant ruminal fistulas wers ussd, as deseribed by
Quin, van der Wath snd Myburgh (1038), 1In some cases
material was withdarawa by stomach tubs or oollected et post-
morten, iwmediately after killing., Previous workers on this
gvbjleet apvarently have employed one of the four methods
bslows
1, Neterial withdrawn frow the rumen by stemach tube,

2, Material obveinsd at abattoirs,
3. Cultures in vitre (Westvhal, 1924),
4, Digestion trisls {Becker, Schulr sand Emrerson, 1930),

Cur methode of sdministrsticn of materials and the
collection »f samplea through the fistulae greatly fscilitated
the work end sllowed some exneriments to be carried out in a
novel wey.

Repsated collection of ingesta from the vuuen was
oarried out by the insertion of a gless tube of half inch
Aleme¥er through the fistuls Spening inteo ths denth of the
ruminel mess, and asonirating by mouth the reguired smnunt of
ingeetn, To the outer end of the glass tube was atiached a
plece of rukler tublng »f glightly smeller calibre, to
fecilitate asnivation, Where shesp hed to bs kent on
natursl pssturage under sonditions unfevourable for =animals
serrying a ruminsl fistules, the samHling was done by means
of & gtomsch tule, Tha tube waz lightly oiled and the end
inserted into the rumen plugped with a small nledget of
cotton wool %0 excluds the sntry ef any mucus or saliva
encountered in paeeing down. When well into the ruwmen mass,
the pledget was &xpelled by blowing 1t out. 5y aubasquent
aspiration, ruminsl sontents could then bLs obtained without
diffioulty.

Material collected at post mortem was usually taken

immediately aftzr slaughter and treated without delay so as

tc/.‘.l.l‘.“
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to prevent further undesireble post mortem changes,

ADNINISTRATIOR OF FOODETUFFI.

Loert from sllowing for the easy collection of
runen contents, the fistula mcthod wee also extensively used
for the edministration, directly into the rumen, of varlious
substances either in poé%r or liguid form, %The method of
edminiatering materisl ner os has the disadvantags that,
instead of passing into the rumen, eome or all of it may
peeg into the ebomssum {Watson, 1941). Y%hus in the experiments
carried out, wuaterials such a3 starch or maite mesl were
shaken up with snough water to muke it flow essily snd then
poured with a funnel tnrough the fistula tube, Furthermore,
amall sarples of s0lid material, such &3 maize kernels, could
be exposed %0 ruminal digestion &nd withdrswn at will, These
wares suspended in ths rumen in thin natursl silk begs,
spproximately ons centimetar in width and three to five
osntimetera in length, Bsveral of these begs ocould be linked
up to each other in a row, The bags were rttached to a
surgissl silk thread and aftsr inserting them throuzh the
fistuls opening, the strand of silk was fixed to the outer
part of the tube, end the cork replacedén the usual manner,
In thie way the materisl was ectually suspended in the ruminal
mess end subjected to Jdigeetion end ruminal movements but not
to ruminstion., The smalleat mesh size of the neturel silk
beg was found to be 74,5/( x 149/ whilst the largest was
282,14 x 2984 . The aversge being 1454 x 20 4, Thus
wmicro-organisms An the rumen had free zocess %to the contents
in the bags. 1t is notewoerthy thet bags made of cotton,
ertificlal s3ilk etc., could not be uszed as these were soon
dlgested In the rumen,

(1) COUNTING OF INFUSCRIA.

All sheep were dosed with 2.5 litres of tapwater
through the fistule dialy at 2 p.n, 80 as to keep the inteke

0?/-.-...000.
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of water constant, liaterial for infusoriel counte were
always withdrawn at 9 a.m, into 50 oc, gless tubes and
placed in ice water to stop fermentation and break the froth.
When this was achieved the material was shaken vigorously
for a moment to mix it properly, One cubic centimeter.was
then sucked up into a wide~mouthed 2 cc. pipette, This
ingesta was then added to 7 or 8 cec, of corrosive-sublimate-'
alcohol fixative and, after washing with alcohol-iodine and
70% alcohol, it was stained with borax-carmine, The stained
material was susnended in 3 cc, 0il of cloves in which it
can be kept for years, After dlluting the total amcunt of
stained infusoris 10 or 100 times in oil of cloves, a drop of
known volume from & cs&plillary pivette was placed on a glass
elide and covered with a coverslip, The total number of
infusoria (i.e, under the ocoverslip) was counted, from which
the number of infusoria pedP oublc millimetre of ingesta was
then calculated. Duplicate counts were mede, The mesn error
was 5,45% which could not affect the results significantly,

lMaterial from antelopes was always collected
immedlately after the animal was shot, Excepting in the case
of the browsers, there was very little or no froth as a
rule, so that the one cc, sample was fixed 1mmed1atelj;
There being no ice available under field conditions, the
ingesta could not be ochilled, and for this reason, collection
of material from browsers with frothy rumen ingesta, was
always deferred for half an hour er so after the rumen wee
opensd to allow the froth to subside,

(11) COUNTING OF BACTERIA.

In counting the ruminal bacteria, total counts
were made throughout and alwsys at the same time of the day
in relation to feeding and watering, so as to eliminate

dilution factors as much as possible, Water wes removed aa

Y 2
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& rule from the metabolism boxes or oreates of gheep at 6,15
a.m, dally, and material for counts withdraern at 10 a.m,
before feeding. BHSheep used in these experiments were fed at
10 a.m, and 2 p.m, and invariably hed consumed the food
glven to them early during the same evening, so thet the
material for counts was withdrawn usually aonroximately 12
hours after comoletion of fseding,

These counts are of course not necesegarily true
total counts, sinoce an unknown percentage of organisms
penetrate into or become absorhed to food particles, The
total count as given must, therefore, be considered always as
being leses thah the true count would be, These organisms
which cannot be ceounted can, howsver, be considered to
remaln more or less constant in number under unifornm condi-
tions, 1l.e, the aninals woere always fed and material withdrawn
for counting at the same times of the dey. It cen ressonably
be assumed therefore, that the error would remsin annroxi-
mately the same from day to day on the same ration, 1In
examining food perticles and ruminal fluld microsconiocally
after fixation and steining for bacterie, it is seen that
only a very small proportion of the orgeniems is not counted,
due to intimsate relationship with food particlee,

In attempting to evolve & teohnique for the
counting of ruminal bsoteris, several difficulties hed to be
overcome, firstly, the method to be employed, secondly, the
most effective fixative and staln, and thirdly, the best
time to make the counts so as to obtain most uniform results,
The last mentioned noint has been discussed above,

It was realised at the outset that the plating
and Wright's methods could not be employed., In plating

rumen/.l‘...ll.-
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rumen contents the medium usuelly becomes g0 overgrown by
various bacteria and fungi, that it becomes imposesible to
distinguiesh colonies, Selective media were also tried, but
without suoccess,

Wight's method, in its simvlified form, consists
in nixing measured quantities (usually equal volumes) of the
fluid to be examined witk normal humen blood, Film prevara-
tions of thié mixture are made end sultably atained. By
ascertaining the ratio of red cells to bscteria in a number

of microscoplic fields an estimation cf the bactericl count 1is
obtained, According to Leishman (1910) resvlts with this
method are not consistent, and errors of 50-100 per cent,
may occur,

The enumeration of becterie (for the nurncses of
standardising bacterial emulsions for vaccines) in & haemor-
cytometer chambsr, was suggested by Mallory and Homer Wright
(1908), They employed & well 0.02 mm, deep, an ontically
plane goverslip, & 1/16 inch dry lens and no staining fluid,
In 1908 Leith Murray likewise used &n ordinary Thoma-Zeiss
haemocytometer with & well 0,1 mm, deev, sn ordinary cover-
slip, a 1/12 oil immersion lens snd & staining solution of
weak Giemsa,

For the purposes of this work, the author gelected
a Petroff-Hauser bacterial counting chamber, which has a
well C,02 mm, deep, This chambar has a reinforced precision
coverslip, optically olane and 0,18 mm. thick, The
appraratus can be used with dsrk and bright field illumination
and is sultable for all achromatic 911 imrersion lenies as
well as dry lenses, Further advantages are (Glynn, Powell
et al, 1913) that almost all the bacteria settle to the
bottom of the chamber in five to ten minutes, when sccurate
counts can be made, Bacteria adhering to the under surface

Of/..'...t..'
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of the coverslin, and any still floating in the ohawmber,
are euglly enumerated, The ontical definition of the
bacteria 18 good owlng to the small quantity of fluid.

After trying out several stains and methods of
killing the bacteria susvended in the rumlnal fluld, a five
ner ecent, carbolio solution, or 30 ver cent hydrogen peroxide
was found to be most suitable, although not entircly
effective, probably due to the great variety of organisms
pregent,

Fresh rumen ingesta has & definite discolorising
sction on steine, and unless the concentration is lnoreased,
gseveral timee beyond that required for ordinary bacterial
emulsions, the stain is reduced to such an extent that it
lomes its ateining power salmost completely, A further point
thet had to be considered wae the feaot that staining is moat
effective when & stein ies so ueed thet its hydrogen ion
concentration ie chenged se 1little &s possible so that the
ateln is aliowed to act st the pH where it steins best, Thus
& stain which would be effective at s pH of &pproxiwnctely
6.8 to 7,2 had to be sought, For thie purpose nilelLlue-
sulvhate in & one per cent concentration wag found to bs
moet suiteble, If & stronger econcentration is ueec the
organisme gre 1ncline§ to clump, After conasiderable experi-
mentation, the following routine methoé wes edopted in
preparing material for countingi=

Rumlingel ingesta if withdrawn into a sterilised
glese tube znd chilled for fifteen to thirty minutes in ice
co0ld water, s0 as to mtop fermentation snd break the froth.
After thie the tube is shaken for & few seconds to mix the
neterial, and one cubic centimeter of it is &rawn into a

wide-mouthed £ coc, pipette, This ie¢ run into 2 =mell 37 ce,

glace/eeernen...
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glass tube with stopper. To this 0.25 oc, of a 5% oarbolic
acid solution, or 30% hydrogen veroxide is added. The
mixture is stirred with a thin glass rod and then allowed to
stand for one hour, After this 0.3 cc, of nilebluesulphate
is added and the mixture well stirred. After stalning for an
hour 1 cc, of@he stained material 12 plvetted off and
mixed with 257 cc. of sterilised distilled water, the
pipette being washed out well in this water, In this way a
dilution of 1 in 400 is obtalned (Neser, 1923), which was
found to be the most sultable dilution for ordinary ocounts,
When bacterial pOpulations were low the dilution was reduced
to 1 in 200, Unstalned bacteria can be counted in & similar
way, but 1t wes found that by staining, eyestrain was much
reduced and accuracy increased,

After the final dilution is made the suspension
is allowed to stand fof two minutes so as to allow the
coarser material to settle, With a Thome-Zelss pivette &
drop of the emulsion is allowed to pass under the odverslip
by caplllary attraction, The counting chamber is then placed
in position on a level microscopic stage and allowed to
stand for five minutes in order to allow the bacteria to
settle, Ten blocks of nine small squares are then counted,
glving the total number of bacteria in 90 squares, The volunme
of each square being ,0008 cubic mm.,, the total volume is
»072 cubie mm, If N = total number of organisms in ,072
oubic mm,, then with a dflution of 1 in 400 there would be
400 N organisms in ,072 cubic mm, Thus in one cubic mm,
there would be 400 N organisms, If the number of bacteria in

Love ,

90 small equares is known, the total number per cubic mm,
oould thus be caloulated by multiplying with 400 for a
dilution of 1 in 400 or %%g for a dilution o}azgin 200 and

80 /venacnenns
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so forth,

The experimental error involved in this technique
does not exceed 4.8 per oent. ss calculated etatistloslly
from a number of observstions,

Throughout the investigaetione Zelss Huygens Oculars
7 X and a Zeies Achromete 40 X Ary lens were uesed, with
excellent results,

(v) COLLECTION OF FAECES AND USINE FOR CHEMICAL ANALYSIS,

(13 8heen.

| (11) Rats,
(1) Sheep: Forb2s' metabolism crates wers used for the
collection of faeces and urine in the sheeo.experiments.
Some of the features of these corates, conatructed locally,
may be briefly mentioned, The inside area in which the
animel can move about ie b 2/3 x 4 feet, One end opens out
into a detachable galvanised iron mangér. Water is supvnlied
in a trough attached on the ineide away from the manger,
There are two false bottoms to the crate, An uppzr wire
soreen of half inch mesh on which the enimal stands nermits
the excreta to pass through, About four inches below this
i8 a second wire screen of 1/16 inch mesh which catches the
faeces and allcws the urine to psse througb on to the funnel
shaped base constructed of galvanised flat iron, and thence
into a receptacle below the crate, When collzctions of
faeces and urine have to be mede the upper movable wart with
the aninal in it, are moved over on to a cleaning table
hooked to the crate and correswonding with it in 4imensions,
This table is a dunlicate of the lower half of thé crate,

During the nreliminery neriodas the sheep were kept
in separate feeding vens mesasuring about 15 x 15 feet,
These open up into an outdoor exercising camp free of

vegeteble/...vvunn..
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vegetable matter,
COLLECTION AND SA#PLING OF THE EXCRETA.

The sheep were weighed at the beginning and again
at the termination of each experimental period, With the
exception of period II, in the urea utilisation experiment,
the experimental periods were preceded by preliminary
periods of such a length that the excreta could be presumed
to represent that of the experimental ration, For this
purpose periods of 8 to 10 days are generally accepted to be
of sufficlent length in the case of the ruminant, The
périod of collection usually continued for 8 to 10 days.

Before starting & collection period the crates
were thoroughly cleaned, oare being taken to remove any
faeoal matter adhering to the wool and hoofs of the animals
before entering the crates, The exact time of the day when
the animals were put into their cleaned orates was noted, and
taken to be the beginning of the collection period which wes
ooncluded at the same hour at the termination of the period,
Excreta was collected in the usual way daily at 9 a.m,
except for the final ococllection which devended on the time
the animals were put into the crates at the commencement of
the period. Urine was collected in 10# sulphuric acid for
preservation,

The mixture of acid, urine and washings are filter-
ed through glass wool, all containers being rinsed with a
small volume of distilled water, The total volume of
filtered urine and water is then made up to 2 litres or
more as required, and the final volume noted., Of this, ten
per gent was taken as an aliquot after thorough shazing, and
sfored in e clean flask in wvhich the dailly sliguots were
pcoled, In the urea experiments an extra sample of urine of
epproximately 50 cc, was teken daily at the same time as
the aliquot for the nitrogen determination,

on/oouc.o--.o
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On the finasl day of collcotion, both wire screens
and the flat iron bottom of the crates were thoroughly
sorubbed with & clesn hard brush and rinsed with distilled
water to remove urinary matter which might have become
adherant to the secreens during the experimental veriod in
spite of the daily washing,

The feeces from & delly collection were spread out
on an enamsl trsy gn& left exposed in the metapolism room
for 24 hours after which they wers found to contain no more
than ebout 12 per e¢ent, moisture. Alliquote equal to one-
tenth of the totel welght were then taken and stored in

“Bail% jars., This process was repeated eascn day during the
collection period and the dsily aliquots mixed in the same
Jar., This composite sanple waz welghed two or three days
after the terminaticn of the period and then. finely ground,
thoroughly mixed snd & representative sammle taken for
chemical &nalysis.

Feed refused by an animal in the course of a
eollectioh period was left in the manger until the end of the
trial when 1t was collected, welghed snd stored for ohemical

znalysls when required.

(11) Rats.

For the collection of faeces s2d urine of rats
snecially constructed earthenware metaholliem cages as
11lustrated and desorihed by Marals and Smuts (194 O) were
uged, The rzts stand on a horizontal wigr sereesn with a
3/8 inch wesh which allows the fasces to drop through on to
a second wire gsuze of 1/16 inch mesh, on which it is then
colleoted,

The urine gnd faecee were collected 4Arily., The
delily fea2ces collectiong, after cerefuvl remo#al of sdherent
heir, were digested sccordéing to the usuel Kjeldeshl method.

The/eeeeeeenns
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The week's digests were analysed for nitrogen., For the
urine collections, the metabolism ocasges were washed out
dally with 0.5 per cent. tartaric acid eolution, The dally
urine collections were kept in dilute 3282 and at the end
of the collegtion period a suitable'aliqyot di g eated for
nitrogen determination,

To distingulish between faeces of the preliminary
and collection periods, F3203 was used as a marker, The
collection periode were of 7 days Auretion, To prevent food
wastage a speclal food bAsin, 8lso described by Mareis and
Smute (1940), was used, The ratione were stored in en ice
chest to prevent deterlioration., The compositidn of the

rations are given in Table 1(d).

(2) DESCRIPTION OF RATIONS,

During the course.of these studiee numerous
different rztions were fed to the experimental snimels,
Thege ratisns are, however, not fully described in their
respective experiments; the asctusl quantities fed are given
but 1t was thought necessary to tsbulate the various rations
and pregent thelr composition on & percentage basis, In
tables 1(A) to 1(D) the rations of the various experiments
are grouped together, 1In table 17 the rations fed to the
dlifferent sheep in the cellulose digestion trials, are
tabulated,

Table 1(A). Sheep retions ~ Infusorie Experiment,
| Ration Mumber,

Ingredient 1. e 3 4 5 6 7 8
@reen 98,0

luoerne
Lucerne hay 45.2 _ 98,0
Maize 52.8 98,0 b52.8 3¢5
Wheat straw 45,2 98,0
Teff hay , €8.0
Veld hey 94,5
NaCl 2,0 2,0 2,0 2,0 2.0 2,0 2.0 2,0
Total 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100.0

Table 1 B/v.vvo...
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TABLE 1 B, SHEEP RATICHS - BACTERIAL EXPERIMENTS INCLUDIRG UTILISATION OF UR+sA.

Ratlon Bumber. ——

Ingredient 9 ig 11 12 13 14 156 ié 17 i8 19
Wheat straw 70.0 69.6 69.0 6%.0 68.0 49.0 64.7 70.7 2.5 96,6
Lucerne hay 63,0
Mai ze 30.0 7.7 30.0 25.0 22,0
Dextrinized atarch 22,7 22,5 21.7 R0, 3 24
Mentmerl (Sefoo 80%) 17.0 13,7 5.0 2.0
HaCl 2.0 B, G 240 £.0 2,0 2ol 2.0 2,0 2.0 2.0 2,0
Mineral mixtuve .0 3.0 2,0 8.0 3.0 3.0 3.0 3.0 .0
Yeast 08 Ged 0.é Q.9 0.3 0.3 0.3 C.2 0.9 0.3
Urea 0.6 0.9
Bone mesl 1.2 1.2
wWhite Tisk meal . 1.7 Bed _ _

TOTAL 160.0 V 100.0 100.0 100.0 100,0 100,0 100.0 100,0 106.0‘ 100.0 100.0

Ration Fo. 9 Standard lueernse-maize ration.

" " 10 - Nelow plus éexﬁrinlaﬁﬁ stareh,

" * 11 - Be-low " - plus urea supplement,

" " 12 - Nelow " " " h n o plus fish meal,
v, " 13 » Nelow M " " * fish mesal.

" " 14 - H-high " o¢arbohydrate low.

" ¥ 156 = Nehigh " " normal,

" *16 - B « 2 ¥ normal plus carbohydrate normal.

" " 17 - Belanced wheat straw ration,

" 7 18 - Whgat straw plus dextrinised starch plus bome meal supplement,

' " 19 - " " bone meal supplement,

. - - e~ g e

TABLE 1 C. CYSTINE EXFIRIMEST: SHEEP:

Ingredients Ration Humber
— 20 21 22
Inoerne hay 58.0 56,0
Cystine +20
Cod Liver 0il 20 2.0 H ]
Salt 2,0 2,0 2.0
Beone ash 3.0 3.0 340
Dextrinised starech S50 36.8 73,0
Agar : - - 2BC.0
POTAL ; 103.0 100.0 100.T
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Teble 1(D). Cystine Experiment - Rats.

Retion Number,

Ingredients, 23 24 25 26 27
Lucerne hey, 36,8 - - - -
Runinal - 41,1 29,7 - -
ingesta.
Incubated - - L - - 41.4
lucerne,
Dextrinised 37.2 32.9 34.1 0.0 32,6
starch.
Bucrose 10.0 10.0 1G.0 10.0 10.0
Butterfst 8,0 8.0 8.0 8.0 8,0
Cod liver oil 2.0 2,0 2,0 2.0 2.0
Herris yeast £.0 2.0 2.0 2.0 2.0
x .
8alt mixture 3.0 3.0 3,0 - 3.0 3.0
NaCl 1.0 1.0 1.0 l,0 1.0
Agar - - - 2.0 -
Cystine - - 0.2 - -
Egy white, - - - 2,0 -
100,0 100,0 100,0 10n,0 100,0
Per oant,
Hitrogen 1.12 1,13 1.03 - 0,47

x New salt mixture of Jubbel R,, Mendel J.RB., and Wakeman
A.J. (Jnl, Nutr. 14, 273-285, 1937),

(3) ANALYTICAL MRTHODO EMPLOVED.

(1) B8terch: For the determination of starch the
extraction procedure desoribed by Hanes, C.3. (1936), and
tihe chemical methods of Edwards et sl (1938) were followed.

(2) Cellulose: For cellulose determinations
the method describsd by Cromnton and Meynard (1938) was
followed, 1ln the inveetipgations concerned with the infusoria.
In all the other cellulose digestion trials Norman »nd
Jenkine'! method described in 1933 was used,

(3) Nitrogen: W¥or nitrogen determinatiosns the

ususl X jeldahl method was emmloyed.

III./.--.-..-..
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III. EXPERIMENTAL DATA.

A. RUMINAL INFUSORIA IN SHEEP.

(1) Literature,

(2) Infusorial populations in relation to diet:
(a) stable fed animals,

(b) sheep on natural passture.

(3) Rumen infusoria in sheep as compared with
those of wild anteloves under natural
conditions,

(4) Morphological studies on the digestion of
malze starch by infusoria in vivo and its
relation to glycogen formation,

(5) Chemical data on the influence of infusoria
on starch digestion within the rumen.

(8) Observations on the effect of infusoria on
ocellulose digestion,

(1) LITERATURE:

Ever since the discovery of ruminal infusoria by
Gruby and Delafond in 1843, these organisms heve intereeted
research workers in & twofold way, firstly, as a source of
comprehensive morphological and evolutionary study (Dogiel,
1927), and secondly, as a biological problem,

Gruby and Delafond (1843), Stein (1858), Fiorentini
(1889 and 1890), Eberlein (1895), Crawly (1923), Dogiel (1921~

1927), and many others, have laboured incessantly to describe

and classify the family Ophrf%colecidaa. Dogiel, in his
monograph (1927), gave a final classlfication and desecription
of all known species and forme, Gruby and Delafond, as well

as Eberlein and Schuberg (1888), expressed the opinion that

the Ophryoscolecidee may have'some biological signifioance.
Ferber (1925, 1929) held that these organisms convert

plant proteine into eesily digestible animal protein, in the
form of their own body protoplasm, and that they served as

an/....iunn..
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an important source of animal protein to their herbivorous
hosts, According to Ferber, a sheep with 3 Kg. rumen
ingesta, and an infusorial population of 900 per cublec milli-
metre, received 0,327 gram of protein daily from 1its
infusoria, If one considers that approximately half of this
protein is of bacterial origin, it imvlies that a sheep
receives only about 0,16 grams of infusorial protein over a
period of 24 hours, This 1s insignificant, as the maintenance
requirements of adult sheep of 45 Kg. body weight, are
approximately 19.0 grams digestible protein daily (Smute and
Marais, 1938), |

Further possible rdles attributed to the ruminal
infusoria deserve mention,

(a) They are harmless commensals,

Biedermann (1911), Scheunert (1924), Scheunert and
Bchieblich (1927), and Becker, Schulz and Emmerson (1929),
maintain that these organismes do neither harm nor good to
thelr hosts and that they are merely found in the rumen
because'it provides a favourable habitat for them to live in,

(b) They assist in the digestion of cellulose,

Since their discovery it had been thought that
infusoria might pley & part in the digestion of cellulose in
the rumen, Schuberg and Eberlein noted the ingestion of
plant material by infusoria and concluded that the organisms
oould digeet cellulose, Eberlein also noted the disinte-
gration of plant material within the organisms and the
expulsion of detritus from the anus, Dogiel and Federowa-
Winogradowa (1925), observed that cellulose particles 4id
not alwaye leave the anus as detritus, but that large
particles were sometimes extruded morphologlcally unchafed,
suggesting that these particles may have undergone a
preliminary chemical digestion,

| Mangold/.veeeennns
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Mangold (1927) believes thet cellulose digestion
within the Ainfusoris occurs by means of simllarly ingested
cellulose splitting bsoteria,

In 1930 Becker, Schulz and Emmerson conducted
digestion trials by using goate with and without infusoris,
2nd concluded thet cellulcose digestion in the host is neither
due to, nor materially assisted by the infusoria, Unfortu-
nately the diet of thege goats contained & high oproportion
of grain whioh strongly attracts infusoria, so that the
cellulose in the dlet could be oconsidered as having received
very little attention from the infusoria, From observations
made by the zuthor these orgsnisms definitely prefer starch
to cellulose, Appreciable quantities of cellulose being
ingested by the infusoria only when grain is not present in
the rumen,

(o) They aseist in the digestion of starch.

Trier (1926), and Westphel (1934), drew attention
to the relationship between infusoria and the digestion of
starch, Westphal did not assign eny significance to the
digestion of estarch by lnfusoria, and from the results of
his work conducted in vitro, he concluded that they were only
commensals particularly dependant on starch,

(d) They mre of mechanical and >hysiocel aid in
digestion, Bundle (1895), Braune (1913), Scheunert (1924),
&nd Scheunert and Schieblich (;927) conasidered that these
mioro-organisms were purely of a mechanical and nhysical
ipportance to their host in that they assisted in the sosking,
nacerating and mixing of the rumen contents,

(e) Infusoria are injurious parasites,

Apart from the view held by Zirn (1887) that
infusoria are injurious parasites which, through their
presence may lead to & catarrh of the alimentary tract, no
other workers have suggested & similar role, The

posgibility/,....
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poesibility still exists that these organisms may rob the
host of part of its food, although this noint has 28 yet not

been exnerimentally establishsd.
(2) IFFURORIAL POPULATIONS IN RELATINN TO DIET,

(s) Steble fed sheen.

Technigue: All shees were dosed with 2.5 litrés
of tapwatsr through the fistuls daily at 2 p.m, 35 %8 to keep
the intake of water constent, HNaterial for infusarial counts
wag always withdrswn at 9 a.,m, After shaking vigerously
1 ce, was sucked un itnto a wids mouthed pinette. This was
added to 7 or 8 cc, of corrosive-subliznete-aloochol fixative,
snd after washing with alcohol-iodine and 70% alecchol, it was
suspended in 2 cc. oil of cloves in which 1t—oan be kept for
a long time, After diluting to 1/10 or 1/100 in oil of cloves
& dron of known volume from a csnillary ploette was placed
on & glass slide and oovered with a covarslip. The totel
numﬁﬂr of infusoria ner 4rop was counted, fron which the
-number pe:r cubilc millihetra ingenta wa3 then calculated,
Duplicate counts wore made,

Experiment 1, (a) Maize and lueerns ration — (Ratisn No., 1).

(b) Matze ration -{ * No, 2),

Bheep No. 45 and No. 37 on a nmixed ration of 360 grams of
orushed yellow malze nluas 300 grams of lucerne hay were used
in an experiment to réllow up the influence of a change from
the above ration to & pure malze ration contsining aoproxi-
nately 75% carbohydrate, 10% orotein and 2% fibra.

QInrusorial counts were made weekly, and when
necessary, also at shorter intervals. Differenti=l counts
were made to correlate sdantive changes in these orgsnisms with
ohanges in the diet, A record of the food consum4ion
of the enimels wss kent, end is reflected in gruphs 1 and 2

OK‘IOS.‘Lte/. se v ¢te o0
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opposite the infusorial counts,

Discusslon and Conclusions,

l. Maize and Lucerne Ration.

(a) Infusorial population flustuated between 1000 and
3500 per cubic millimetre in sheep No, 45, and between
1200 and 3300 in sheep No, 37.

The differential counts disclosed that in both sheep
the genus Entodinium comprised 95% of the total infusorial

population, The rest was made up of the genera Diplodinium,

BUtohlia and Isotrichs,

(b) The hydrogen lon concentration of the rumen ingesta of

these sheep varied between pH 6.6 and 7.2,
2, lmaize ration.

(a) WAth an increase in maize and reduction of lucerne,
the larger types of infusoria diminished until finally on
malze exclusively, they became extinct. An attempt to
start a fresh culture in sheep No, 45 by subinoculation
with 50 oc., rumen ingesta from another sheep whose
infusorial population was known, was unsuccessful, The
conditions in the rumen had thus become unfavourazble for

infusoria other than the genus Entodinium, the most

primitive of alil,
(b) A oriticel stage was rapidly reached when only maize
wae fed, Sheep Nos, 45 and 37 reacted differently.

In the case of sheep No., 45 the amount of maize
oconsumed dropoed in two weeks from 4200 grams per.week to
2300 grams, and then rose rapidly again to 4200 grams,
This was followed by a second drop to 2800 grams and &
regovery, Finally it was depressed to 200 grams, at which
stage the ration was suoplemented by lucerne hay. The
rumen ingesta during this oritical stage had a very sour
and rancid smell with a cheesy appearance,

The infusoria reacted sharply to the first fall vhen

only/‘.........
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Graph I: Sheep45.
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only mzize was fed. The count dropped from 900 to 0,5 per'
cubic millimetre, After remaining at this low level for 5
weeks, conditlions in the rumen became more favourable &s shown
by an improvement in appetite and chemicsl analysis, This
provoked an immediate response by the infusoria, Active
multivlication was seen, and the count rose from 0,5 to 1100
organisms ner o,mm, within 10 days, At this stege the larger
types of infusoria had all become extinct. An unsuccsssful
attempt was made to re-establish them by subinooculation, The
host finslly consumed less and less meize, which led to starva-
tion after 16 weeks of pure maeize diet, The infusorial’
populetion fell to 30 per o.mm,

3heep No, 37 adapted itself very poorly to the malze
diet. Immedliately lucerne was withdrawn insvpetance set in,
leading to starvation within 7 weeks, The infusoria msintained
themselves well for a period of 5 weeks until the animal stopped
ruminating, In vitro tests at this stage proved that the
organiems were hungry, due to the absence of small starch
particles, The symbiotic harmony between host and infusorium
was thus disturbed by failure to ruminate., Supnlementation

with lucerne hay a&lso induced rapid multiplication,

(c) Of the Entodinium species E,nanellum was the most
resistent, and thrived better under conditions adverse to

other species, A small number of E, furca, E.simplex,

E.elongatum and E, dubardi survived, as seen in Table 1.

below, showing average percentage of Entodinium specles

per cubic mlllimetre,

Table 1.
S8heep Period E.nanel-E,furca E.simolex E,elonga- E,dubardl
lum, tum,

45 Before 32 21.5 5.6 26,5 10
malze,
After 86 12 5 11 6
malze,

ki g Before 42 17 8.5 £1.5 8
malze,
After 82 9 , 7 17 5
maize,

(d)/otc.uc---.
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TABLE 2.

DISTILLATIOR OF RUMER IRGESTA.

Sheep Ko. Date, Diet, Acetie Acid  Butyric acid Non-Vola- Total organie Total Volatile pH of ine- Remarks.
acid. tile acid., ac.ids. acids. gesta,
42 23/9/38 300 grams luserne hay 17.4 13.32 4.62 35.34 30.72 6.8

4 360 grams yellow
erushed malze,

43 20/11/38 do. 17.52 6.44 7.70 31.66 23.96 6.8
35 12/11/38 @Green lucerne, 13.42 4.76 1.90 20.08 18.18 6.9
32 17/11/38 do, 12,06 6.46 5.50 24,01 18,51 7.0
45 30/9/38 600 grams yllow 16.6 9,61 18,20 44,31 26,11 5.5
5/10/38 erushed maize, 7.96 3.78 8.00 19.74 11.74 5.4
13/10/38 26,90 4,68 5.60 37.18 21.58 5.4
14/10/38 21.90 2,52 b.72 30.12 24,42 5.4
18/10/38 26.70 10.85 5.74 43.29 37.55 5.8
19/10/38 27,80 9.41 15,70 52,91 37.21 5.9
9/11/38 21,00 4.55 2,50 28,05 25,55 5.6
29/ 9/38 600 grams pllow 15.60 4,58 6.50 26.68 20.18 5.4
1/10/38 orushed maize. 18.50 8.68 14,65 41.83 27.18 5.4
6/10/38 14,00 4.45 25.60 44.10 18.50 5.4
13/10/38 9.90 3.83 7.00 20,73 13.73 5.3
37 14/10/38 9,24 .82 21.50 34.56 13.06 5.6
18/10/28 7.64 3.28 8.00 18.92 10.92 5.4
19/10/38 14,40 3.88 14.00 32,28 18.28 6.4
6/11/38 Starvation. 1.62 0.34 1.50 2.46 1.96 5.4
40 19/11/38 Straw, _ 14,51 3,91 5.70 24,12 18,42 - Both 40 and 39 ate
poorly on 22/11/38,
24/11/38 do. ¢ ration, 5.90 2.20 5.20 13.30 8.10 -
39 15/11/38 Straw 12.40 4.82 4.98 22,20 17.22 - and 24/11/38.
22/11/38 do. 4 ration. 4,24 1.16 5.00 10.40 6.40 -

All acid values are expressed as ml. N /19 RaOK per 100 gms. ingesta.
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(d) Cherical anslysis of the rumen ingesta is reflected
in Teble 2, After sclidifying, distilletion wes
osrried out according to Viegner's procese es reported
by Smith (1938). Meteripl was withdrewn through the
fistuls daily st O a.m. before feeding.

Discussion £né Cobolueions,

It 18 evident from the teble that in sheep No., 45
gecetic and butyric scid roee very high at the time when the
infusorisl ponulation diminished significantly., On the other
hand, the ecetioc snd butyrioc scid velves kent within normal
limite (mee sheen 42, 43 and 25) in the cese of eheep No. 37
with a pH of 5.4, Under these conditions the infusoriea
thrived until they were starved, Excesslve amounts of
scetic end butyric acid in the rumen are therefore harmful
to the infusoris, In vitro tests confirmed this, The
exceptionally large quantity‘of melze consumed by sheep No,45
wae the cause of the acidity of its rumen,

Exner;ment ho, 2,

Effect of whest straw dlet on infusoria.

Three sheen on & diet of 300 grams whest straw and
360 grams of cerushed yellow maize (Ration No, 3) vere used
for infusorial counts, The amount of maize was first
raduced to 100 pgrama and then omitted, with & corresponding
inoresse in wheat straw to 800 grams (Ration No. 4).
Counts were made every second dsy for 28 days. At this
stage the effect on the infusoris of a supnlementation of
100 grame yellow mealle meal, introduced dirsctly through
the fistula, wse tested for a neriod of eight days. Ulealle
meal was then substituted by 100 grams of masize starch to
eliminate the vurotein ocontained in the meslie mesl.
Differentisl oounts were made as in Exveriment No, 1. See
graph III and Table 3 below,

Discussion/c..vaveans
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Study of Infusoria on diet of :~
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Study of Infuscria on diet of :—
@) 380 grams crushed maize + 300 grams L.Hay. & 3 K.grams green Lucerns Hay.
() t k.gram dry Lucerne Hay .
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(r) On & vheat strew end maize diet the infusorial population

fluctuated between 700 and 900, The genue Entediniun

comprised 99% of the totel. Upon reduction end lster
omission of naize, there was a2 sighificent fall in numbers to
an everecge of 50 organiesme per cubic mm, &8 & result of
starvetion., OUn the sdditicn of meize agein, the infusoria
doubled their numbers within 24 hours, end after a week the
count had riéén to B0 per c.mm, On re¢plecing the mcelle
wmeal by sterch, multiplicetlon was reéterded, |

(b) Ot the Entodinium speciee, Entodinium simplex sdapted

i1teclf best to the shest straw retion., It inoressed from
4% to 35%, whereas E.furcs diminished frow 507 to 18%, The

genus Diplodinium incressed from .5 to 4%,

Teble 3.
Period Sheep E.nshel- L, furce. E.sim— L.elon- Uniden- Diolodi-
No., lum, plex. gatum. tified nium
Entodi~ species.
nlur
gpecies,
dalze 37 27 48 4,0 3 4 1l
+ wheat 40 40 40 3.0 1.5 8 .D
gstraw, 43 21,8 58,5 5.F - 15 «5
Yheat 27 23 2 o 7 & 4
gtrew 40 21 18 40 12 5 4
only. 43 Z 20 3 - 12 3.5

Experirent No, I,

Conpearisgon of infusorial counte in shecr on & diet

of:

{1) 60 grame of malze an& JOU grame éry lucerne hoy {Retion
Ne, 1).

(2) 1 Kg. of éry lucerne hay (Bstion No, £},

(3) 3 Kg. of gesen lucerne (lution No. &),

Infusorial counts were made every second day for
periods ol three weeXs successively on sheep whicn were on
the above di.ts. Tlie resulte are recordol graphicslly in
graph IV,

Conclusionsd/ceeeeeeees
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Conclusions,

(a) On maize + lucerne hay the nopulsation fluctuated between
1400 and 2800 per cubic mm, With omission of maize the
numnber of infusorie decrsased ranidly end esteblished a new
level fluctueting betweer 200 and 700 per ocubic mm,

(b) On feeding green lucerne only, a lower level was reached,
the numbere verylng from 100 to 400 ner cubic mw, v

(c) This decresse is attributed to the corresponding decrease
in the starch content of the Jifferent dlets,

Experiment No, 4.

Effect of teff hey diet on the infusorial population,

Five gheep on a Kilogram of teff grass hey daily
were used for counts. The number of infusorie per cublc mm,
was found to vary between 215 and 485, This corresoonds with

the populetion of a sheep on sreen lucerne diet,

(2) b, SHIEP ON NATURAL PASTURE, NOOITGLDACHT WADARLuENTAL

FARM, ERUELO, TRANSVAAL,

Exoyeriment llo. 5.

Jeasonal fluctumntions of infugou-in.

Experimental: A gboup of 40 he:lthy meriad wethe s were

allowed to grazs freeiy in a camp of 100 mosgen with a
Sypiesl Transvaal highveld ﬁaeture and running water, These
sheep were gathered twice dally in & small naddick for a
shenge oY fmeces bags snd withdrawel of ruwen ingest: by
stomach tubc., 1his was éone every dey =2t 7 2.m, Tus faeces
bags were used to collect faecea for a couourreni e¢xoariment
on grses consgumption by Szuts 2nd wareis »f this Institute,
The sheop were closely watched when ysrezing so as to determins
the grasses selécted by ther, Suppllzss of these grscsez
were collected for snelyces and feeding triuls,

The months of July, Dctober, Jenuwary anﬁ April

repredent/. . .cieieees
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represent the critical times of the four seasons, so that
observations were confined to these months on twenty out of
the forty wethers selected at random. The sheep were weighed
weekly so as to reflect their condition during the seasons
concerned,

Regults:

(2) The infusorial and bacterial counts are reflected in
Table 4,

It will be noted that in all but one sheep (which
suffered from bluetongue) there is an increase in the
infusorial and bacterial populations from July to January, end
a decrease from January to April, the April counts corres-
ponding with those of October,

There was an average of 100 infusoria per cubiec
millimetre, in July, 277 in October, 455 in January and 278
in April,

In July R0.6% of the infusoris consisted of the
larger types, 1.e, excluding the genus Entodinium; in Jenuary

this figure had fallen to 15.7%, This difference is due to
the fact that the large types thrive relatively better than
the Entodinium species on lignified diets, The Entodinium

species flourish when dlets are rich in starch and nitrogen.
As they are the most primitive genus of infusorium they.
probably multiply more rapidly than the other more develoned
geners,
(b) Comparison of counts and feeding conditions.

In Table 5 is given a complete summary of the nutri-
tional quality of the grazing during the different seasons of

the year aes well as the average

infusorial and bacterisl counts of sheep subsisting on it, An
interesting and significant feature in this resnect is the
marked and prominent fluctuation in nutritional conditions
during the year, From October to Merch there is a super
abundance of & fairly

g004/cceunn..
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g0od quelity grazing ss & result of which both the maintenance
and the growth requirements can be met. However, this condi-
tion is completely reversed during April to Sentsmwber, In
this interval grazing is extremely poor, The protsin drops
from an average of 9% to approximately 3%, (3Smuts and
Marals, 1940), Together with this rapid decline in protein
there 18 & tremendous incresse in fibre, These factors are
olosely linked with the stag8 of maturity of the grazing,

The grazing conditions under which thig experiment was
carried out are therefore very varieble in nature, Thus, in
certain seasons there was an abundance of nutrients available
while a deficiency existed during the reast of the year,

Buch fluctuating nutritionsl conditions, as can be readily
apprecinted, must tax the digestive system, the procecas of
utilisation, as well as the generel health and vitality of
the animel in & severe manner, Physiologlcally one rust
assume thzat the normal digestive powers and reactions,
together with the intricate Tunctions of utilisation of
nutrients cannot be best accomplished below a certain level
of nutrition, Consequently, it appearse that while the
processes of assimilation 2nd utilisation of feed form an
inseparable physiclogical .unit, the reactions experisnced by
one function will esutomatically be reflected by the othsr.

In others words, there should exist a& close
relationship between quality and utilisebllity of feed and
the physiological factors concernsd in the digestion of such
feed. That such a relationship actually appears to exist is
evident from a oompariason between the protein content of the
grazing, the digestibllity and the infusorial and bacterisl
populations., Whether such a relationship 1s connectzd
primarily with the protein in the grazing or with the absence
or presence of other nutrients or finally with the vitality
of the animal 1s difficult to assess at present. It is

nevertheless/.eeeveness
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nevertheless remarkable that & low protein content, or a
deficient nutritionel state, which inveriably affects the
vitality as well as the health of the animal, markedly
reduces the infusorial and bacterial populations, FKrom these
observations it would appear that the multiplication and
norme) influence of infusoria and becteria in digestion
depends largely on & suitable substratum in the rumen and
reticulum, Buch & sultable substratum, the composition of
whioch 18 as yet not fully apprecisted, is dependent on the
nutritional condition of the animal., That protein must play
an important part ss & necessary component of such &
substratum 18 obvious from Table 5, where the infusorie and
baoteria decresse almost proportionately with the decreese
in protein content,

This fact is furthermore substentiated by the
observetion previously indicated in Greph III that the
infusorial population decresses on & nitrogen low diet com-
posed of meize staroh &nd & roughsge.

TABLE 4,
Beesonal fluctuations in infusoria of sheep

on _pasture, Nooitgedacht, Ermelo (organisms
per cubic miliimetre),

Bheep No, July October Janusry April
52100 80.8 350.0 359,6 351,0
51840 57.8 189,0 497.8 £24,0
52079 50,3 150,1 455, 4 333.3
52082 42,3 250, 9 427,1 298,7
51652 170,1 240,5 315.4 228,0
51904 20,2 175,5 379,2 258,86
51765 144, 2 162, 2 451,3 72,4
51741 117.0 224,0 162, 4 125,4(ble

tongue).
51833 132,1 1582,7 780,2 376,2
51738 119,8 £70,5 345,8 171,0
51885 77.6 369,4 530.7 204,4
52030 138.6 420,6 451,8 301.8
51812 96,4 319,86 485,0 281,0
51693 150.8 427.7 510.6 326,8
51757 69,6 315.0 420,7 . 317.8
52010 29.6 315,0 670,90 £09,0
52025 30.5 425.6 470,9 £60,5
51694 128,90 330,.4 451.0 279,6
51689 183,7 166,8 430.0 288,8
51738 160.1 284,0 560,5 171.0
Av, per c.mm, 100 277 455 278
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TABLE 5.
July October January April

Average weight of

shsep, 28 Fg. 33 40 39
Ory gress consumed 649 Cm, 785 9C7 831
4 Nitrogen 0,49 1.44 1.17 0.73
Biological value 83 62 74 82
Digestibility of 2% 80% 517 12%
nitrogen,
Digeetibility of dry 43 58 350 A6
matter.
Kitrogen balence. -2, 40 0.46 0.53 -1.40
Mumber of infuscria ver 98 277 455 273
cubic mm,
Number of bacteris 6 6

per cubic centimetre 10687X10 1889:10b 1944x106 1756x10

(2) RUMEN INFUSORIA IN 3PELP AS COMPAPED W1TH THCSYE OF WILD

AMTELOPES UNDER NATURAL CONDITIONE,

Buisson (1923) oublished an sccount of the various
apecles of ciliatea found in the Africen rhinceceros end ele-
ptsnt, In 1924 he deecribed the ciliates preeent in Africen
antelopes from the Belglan Congo. Two species of the genus

Entodinium, and two of genus Diplodinium ﬂescribéd Ly Buisson

in these antelopce have been found by Fertham (1$25) and

Schuurman (1826) to occur in South Africsn sheep and oattle,
Dogiel (1925) otteined his waterial in 1S1<4 from

Leke Nelvashs and Xilimanjaro in Easast Africa. -He‘exanined

meterial from six diffarent speoies, which aré 2lso ladigenous

1o South Africa. This led to2 the description of a nunmber

of nsw specles of clliates, kost of the species described

by Deglel, excepting the speciles Diplodinium costatum and

genue Opistotrichum heve been obtserved by Fantham and

Schuurran in thelr etudies on sheep snd cattle.
The genus Ophryoscole:x seers to have been well

represented/, . .uieen.
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represented in South African sheen and cattie as well as in
East African antelopes. Schuurman exnressed the opinion that
our cattle and sheep became infected from antelopes on the
same veld, Avart from the above systematic work on South
African sheep and cattle and on East African &ntelopes, no
work has been done to a&scertsin flrstly, the relationship
between the infusorial populations of antelopes on different
natural diets angd, secondly, between antelopes and domestlic-~
ated animels on comverable diets,

To gain information on these points the writer madé
use of an opportunity to accompany Dr., A.,D. Thomas of this
Institute on a zooclogical survey collection tour into the
Transvaal lowveld, During this expedition ten species of
antelopes were shot, HRuminal material was ¢olleoted immedi-
ately afterwards and treated as outlined before, Dunlicates
from some svecles were coliected at different localiities,

Table 6 shows the species, its natural diet, the
differential count between small and large types of 1nrusbria,
and the total infusoria per cuble millimetre.

faple 7 shows the dominant ciliste(s) in tne
various antelopes,

Discusslon end conolusions:

(8) Antelopes may Le divided roughly into two classes
according to their natural diet., ULnder normal conditions
the Klipspringer, Duilker, Impala and kKudu feed aimost exclue-
sively on legumes, leaves of certain trees and shrubs, and
berries, They are also very fond of young and tender grass
and green oereals, e,g, oats and wheat, The Duiker also
digs up roots and tubers., On the other hand the Steenbuck,
Reedbuck, Waterbuck, Sassaby, Sable Antelope and Blue Wilde-
beest feed almost exclusively on gress and reeds, In iimes
of scarcity they also feed on leaves and legumes, The

Steenbuck/,....... .o
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Steenbuok 18 a very delicate feeder and selects only the
finest ang tenderest grasses,

The Gifierence igween the two tyves of dliet is
slgnificant; ¢amél tuorn pocs and kopani leaves contain 12,.5%
eud 12,14 protein respectiveiy. Other legumes &«nd leaves
wore not analysed but could be considered to c¢orregpond
closely 1o the avove figures. Fkerries, roots and tubers
contaia o high percentage of carbohydrate, 1The protein and
carbonydrete contente of itinis diset are thersfore considerably
higher than a diet of grass which contains @pproximately 44
protein and very 1lttle starch in tne lowveld durling the
wonth of July. &ntelopes feeding on & diet rich in starch
eud protein have a very frothy ruminal ingesta with largs
snounts of gas escapling, whereas those grazing on grass do
not develiop such an astive rumlnal farmentation.

Table O shiows s significant diffecrence in the
total infusorial counts as well as in the proportions of the
various types of infusoria present. This could be very
oalosely correlated with the dist, The group with the richer
protein diet hartours more then five times the number of
infusorla than the group of the low protein diet doss, The
former group (browegers) showe #» ratio of 1 : 2.8 bstween

large aind small infusoris (genus Entodinium), wnereas in the

latter group (grezera) tne ratio is 2 : 1. In antelopes, as
in sheep, the leorger types of infusoria thrive Lédcer than
the zmaller types on dleta contsining a high proportion 6f
celluloge, probabtly vecause they are.able to ingest tne
larger cellulose particles ovetter, In &lefs piehh in protein

eud carbohydrstes, the genus Entodinium ocan maintain itself

better and thus propsrticnstely ocutnumiere the irarger types,
In sheep grazing freely on the veld in the month of

J“lY/..........
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July when the protein wes at ite lowest for that yeer (2.9 -
#), the lerger infusoria ccmprised 0,67 of the total
pcpuletion., In January when the protvein rosé to its highest
level (95) there was a drop to 15.7% in the number of lsrge
infusoria,

The average number of infusorle per antelope of the
grazer group in July was 313 per cubic millimetre, This is
comparzble ﬁo the average of £78 and 277 in sheep during
April and October when the condition of highveld pastures
approximates thet of some midwinter lowveld pastures.

(b) The dominant speocles of infusoria in antelooes of the
same speclies do not Aiffer, In the different Blue rildebeest

the dowinants were Eudiplodinium heglecilum Dég (19x<3)

forma gigantium Pog (1925), and kntodinium simpmlex Dog {1925),

In the BSable Antelope the dominants were Ludiplodinium mageii

Fior (1t89), and kntodinium caudatum Stein (1859), In Impala

Epildinium ecaudatum Fior. (1889) and k.simplex Dog. (i928).

domlnated., In the Duiker the dominants were &n undescribed

Budiplodinium species and kntodinium nanellum,

(c) Different svecies of antelopes grazing on the same veld
do not harbour the seme dominant infusoria excepting in the
cage of the Blue Wildebeest and the 9assaby. The dominant
organisms in these did not apoear in the Sable Antelope,
Watertuck or Reedbuck found in the ssme veld, nor in any of

the browsers of the samé locality. The dominant orgsnism in

the Imvals, namely Ent, simplex Dog., (1925), did appesr in

the Wildebeest as the dominant of the smaller type of
infusoria, but only in very small numbers,

(d) Impala, from en ares where, owing to lack of grazing,
more browsing is done, showed uo to eight times mwore
infusoria than Impala in areas where young green grass and
young shoots are sbundant,

(6) The genus Onhryoscolex was not seen in sheen or entelomes,

(£)/euovuenn...
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(f) The sub-genera Eudinlodinium neglectium Dog. (1925),

Ostracodinium and Opistotrichum were hot seen in any of the

sheep examined,.
(g) The genus Epidinium, although present both in antelones
and sheen, occurs more frequently in the former,

The genus Diplodinium, on the other hand, occurs

with greater regularity in sheep. The genus Entodinjum is

commonly seen in both, and is invarliably the dominant
orgsnism in snimels on diete rich in orotein and carbohydrates,
(n) Several undescrived species were seen in the materlal

examined, These will be descoribed 1in due course,

(4)° WOrPdOLVGLC L JLuDILS ON THi DIGESTION OF smnlZi STARCH

BY IuFJH0KLa IN VIVO AND 115 iewaTION TO GLYCOG.N FORSATION,

As the results of the experiments described under
section (1) indicated a probable significant r3le of infusoria
in so far &s the digestion of starch is concerned, 1t was
decided to lnvestigate this possipillity by studyiug the actual
dxgesfion of starcih, firstly, witihla the organism litself and
secondly, within the rumen of the sheen in the ordinary
process of digestlon,

Bxperiment No, 1.

Digestion of starch within an lnfusorium from
material in vivo, i.e, materiel withdrawn from the rumen of

sheep through the fistula,

For this experiment sheep were fed wheat nay free
of starch granules, This avnroximates starvation of the
infusoria and enatles one to follow un clogsely thne intake and
digestion of starch granules administered into the rumen,

Sheep Nos., 349, 40, 43 and 45 were used, Their
infusoria were examined deily by staining fresh droos of
rumen ingesta on a slide with Gram's iodine to differentiate
starch and glycogen, As soon as the infusoris were found to
contaln no more traces of starch or glycogen, 2 grams of

finely/ooo--..---
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TABLE 6.
No. , Species Ratural diet. Differential count Total infusoria per
U.entodinlum G.diplodinium ¢, mm,
1l fTramsvaal Klipspringer: lea 94 1161
Oreotragus oreotragus Roberts. Browser,
2 fTPransvaal Duiker:
Sylvicapre grimmi Roberts. do. 275 <] 1260
3 do. do. do. 502 17 3024
4 "Rooibok", Impala, Typieal Impala:
Aepyoeros melampus Loht, ao. 143 82 1012
& do. do. do. 1347 (E.R.) 511 8871
6 do. do. do. 203 86 1296
7 Zambesi Kudu:
Strepsiceros strepsiceros Lorenz, do. 108 59 751
8. Lowveld Steenbuck; W,
Raphiceros rufescens Thoa.& Schig. Grazer 110 63 376
9 Reedbuck : Rietbok.
Redunsa arundinum Bodd, do} 7 59 297
10 Wwaterbuck : Waterbok.
Cobus ellipisiprymnus Ogilby do. 32 102 303
11 Sassaby, Basterhartbees:
Damalisous lunatus Burch. do. 13 62 337
12 Swartwitpens, Transvaal Sable
antelope, do. 14 27 184
Ozanna nigra Harris.
13 do. do. do. 27 42 320
14 Blue Wildebeest, Blou Wildebees:
Gorgon taurinus Burch, do. 18 32 224
15 do. do. do. 39 66 472
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TABLE 7,

Antelope

Dominant Ciliate(a)

Targe types

Small type (Entod.)

(1) Blue wildebeest

(2) Blue Wiidebeest

(3) Sable antelope
(4) Sable Antelope
(5) Sassaby

(6) waterbuck

(7) Reedbuok

(8) steendbuck

(1)

(2)

(1)

(2)

Eudiplodinium negleotum forma
CIGANYION Dog. (1925)

Anoplodinium bubslidis forma
CONS0TS DOg. (1925 -

Eudiplodinium neglectum foma
EIganfium Dog. | )

Anoplodinium bubalidis forma
uballdis Dog. (1980).

Eudiplodinium maggii Fior. (1889)

Fudiplodinium magii Fior. (1889)

Endig}odig}um neglestum forma
gigantium DOge. (%%255.

(1)
(2)

(1)

(2)

(3)
(1)

(2)

Endiglodinium maggii

Ostracodinium graeili. forma

graolll Dog. (1925).

Oatracodinium gracili forma
ﬁog. (1925’.

Anoplodinium costatum forma
minor Dog. .

Eudiplodinium maggii,

Epldinium caudatum forma Fior.
89 guadricandatum Sharpe (1914)

Anaplodinium costatum major Dog.
TI9257.

Entodinium simplex

Pog . .

Ehtodinium simplex Dog. (1925)

Entod:.niug caudatum Stein (1859).

Entodinium caudatum Stein (1859)

Entodinium nanellum

Entodinium dubardi gracilicaudatum

Buisson (1923).

E.candatum Stein (1859)

E.triacum Buis. (1923) forma triacum Dog.

(9) Impala

{10) Impala
{11) Impala (E.R.)
§12) Kudu

(13) Duiker
(14) Duiker

(15) Xlipspringer

Epidinium ecaudatum Flor. (1889)

Torma caudatum rior. (1889)

(1) Eudiplodinium neglectum Dog (1928).

(2)

do. do.

do . do,

forma impalae Dog. £5).

Epid. ecandatum Fior. (1889)
Torm undesoribed.

Eudiplodinium species undescribed

Same as for No. (13)

Eudiplodinium speecieg undescribed
different to Hos. (13) and (14)

E.simplex Dog. (1925).

do.
do.
do.

Entodinium nanellum,

Entodinivm nanellunm.

Entodinium triacum Buis. 1923 forma
$rlacum Dog.
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finely sifted yellow meize meal were given through the
fistule tube of each sheern et%he desired time. One minute
efterverds materiasl was withdrawn and imiedietely examined
rmicroscopically. Further samples were coliected at thirty
minute ilntervsls, and later at hourly, end longer intervals,
and examined without deley, In thils way a couplete plcture
wes obtained of the process of digestion of starch. The
amount of starch dosed was small and quiokXly ingestad by the
infusoria so that uningested starch gralns were only
occesionalliy found after aun nour or more,

It could therefore be safely assumed tuat the
infusoria studled by neriodic withdrawal from tha rumen had
ingested the starch at or soon after tne time of dosing.
With doses of 10 and 20 grams of mealie meal, free nartially
digested atarch granules can be found in the rumen 13 hours
later,

a8 the results of ths periodic examinations at
different times and with differsnt sheen wers all in very
close agreement, only one such report will be glven here,
The average rate of digestion is 1llustirated better uy the
nhotomicrographs submitted in plates 1 and x, and the
drawings in plate 3,

Rate of digestion of 2 grams of fine yellow me:zlie meal,

9.10 a.m. Ruminal ingesta withdrewn and examined by staining

with Gram's ilodine., Both Entodinium species and Diplodinium

svecles appeared hungry. Some of the Dinlodinium contained

cellulose material,

9,15 a.m, Dosed 2 grams yellow mealie meal,

9.16 a.m, (1 minute), #Material withdrawn and examined, kost
organisms had alresdy ingested starch graine, ovrrticularly

the Entodinium, some contailning uo to 7 grsins,

9.45 a.m, (30 minutes), Practicslly every orgenism contained
one or more starch grains, some being completely engorged and

distended. Ko evidence of glycogeu.
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10.15 a.m, {1 hour). Brownish-red granules are appesring in

most infusoria,

10,45 a.m, (13 hours). wany more brownish-red granules are

present now,

11,45 a,m., (25 hours). Organisme oreviously engorged with

starcn grains are. now paocked with glycogen-like granules,

12.45 (3% hours). Starch grains are now becoming obscured by
vrown granules,

Lo45 (5% hours). In engorged organisms no change obsgerved.
ihose witn one or two grains only, snow signs of disintegration
of tne starch comparable to karyolysis, «ith many brown
granules around the disintegraiing grain,

4,45 p.m, (7% houra)., 1he processes are nuch more sGvanced,

- 9,45 p.m, (124 nours). Disintegration of the starch grain is
now taking place w8 in simple diastetic digeetion of sterch.
There is complete loss of its original globulsr form end
staining affinity. The deep violet changes to a pale blue
and then to bluish-brown. hasses of brown granules gre now
pregent in ecto- and endoplesm giving the organism a deevn
dark-brown granular apoearence (see plsate No, 3),

8 a,m, On following day (24 hours). Disintegration of the
starch granule was completed., Drown grenules are nartedly
reduced in the orgenisme, Colourless, transperent grenules
are now seen in lnereasing numbere in the reglons prsviously
occuplied by brown granules,

3 p.m, (30 hours). utill fewer orown granules,

9 p.m, (36 hours). Glycogen granules olearing up rapldly.

9 a.m., uext day (48 hours). All brown'granules have
dlsapoeared and numerous colourless transpareni granules have
taken their'place.‘

Discussion and Conelusions:

(1) Within 46 hours after ingestion the maigze starch
is ocompletely digested and utilised witnin an infusorium,

This/oo--ccocan
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This confirms the results obteined in vitro by Trier (1926),
Maneold (1929) ouotes Trier extensively to explaein the ways
in which starch grannles sre incested by infusnvria, Trier
found that as a result of intrecellulsr dipestinn within the
organism clvensgen granules spnear in their ectonlmem, He
thus aszumed that there wae an intracellulsr avnthesis of
Flycoren by the infusorium which is utilised by.the organigm
1teelf, The infusorium is sald to merform thies breskdown of
starch by anr endopenous diastatic enzyme. It wes however
found in the course of this study, that free starch graine
‘within the rumen, when not ingested by infusoria, are digested
at the same rete by being directly attacked by bLacteria, It
should be noted thet eceording to Scheunert and Trautmann
(1921) the ss1live of the ruminant Aoes not contein a
diesstetic enzyme ama sugrested by Westnhal (1934).

Furthermore, by adding 1% glycogen or maltonse to
ruminal Juice containing starved infusoris end incubating at
399C for one or two hours with neriodic shaking, it was found
thet infusoria do take in fiuid materisl from their surround-
ing medium, es in lese than an hour efter édding the sugsr,
glycogen grenules hegan to form within the orgsniem, After
three or four hnura the orgrnisms were nacked with brown
granules similér to those seen after a heavy st=rch meal,

By etsining fresh vorenarations of rumen 1ngesté
intravitally with Janus Green, it could pe established beyond
doubt, that the so-called glycogen granules as well as the
colourless transoarent granules were actﬁally bacterisa
8l tuated within the foodsack &nd vlasma of the infusoria.
Most of these bacteria show tyniceal Brownigh movement and
change their nosition within the ectoplssmic cavity., Large
numbers of becteris mi;ed wlth debris are oregent in the food-

an

sack or body cavity/are rotated by the energetic movements

of/....".od.
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of the membranelles, With ingestion of starches or sugars by
the infusorium or food material containing stsrch or sugar,
theee substances are digested Ly enzymes secreted by the
bacteria vresent there. BSuch bacteria as are able to
gynthesise glycogen within their own bodies utilise the pro-
ducte of digestion of the food material oresent and react to
glycogen stains, The infusorium thus has within its body a
procesas of digesﬁion from which it derives definite benefits
without any digestive contribution of its own excepting for
its canacity as host, Amvle proof of the advantages gained
by the infusorium is afforded by the fact that rapld multi-
plication follows whenever the so-called "glycogen granules"
appear in some measure after a feed. The fact that uningested
starch grains are Adigested by free ruminal becteria at the
same rate as starch grains within an infueoriunm, nroves that
no enzymatic contribution is made by the 1nfuso#3um 1tself
towards the digestion of starch, and that it ie wholly
devendent uoon ruminel bacteria and bacteriél action for 1its
own nourishment and the synthesis of glycogen within its body.
It is vrobably for this reaaoﬁ@hat Westohal could not keep
or oromote multionlication of ruminel 1nfusdria in cultures
formany length of time without the dsily addition of fresh
ruminel Jjuice,

The question as to how these bacteris gsin entrance
from the foodsack to the ectoplasm 1s still to be investigated.
The fermentation products of starches, cellulose and sugars
bathe the organisms in the foodsack snd probably reach those in
the ectoplesm by simple diffusion out of the foodssack.

The synthesls of glycogen by bacteria, once the
necessary substrata are available, is a common occurrence in
the rumen s&s numerous becteria snd moulds in the ruminal
Juice show typioal glycogen steining after a meal of glucose,

Peltose /e eeeennss
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matose or starch., After a time, if no more of these
substences sre aveilable, the glycogen conteining bzoteria
end fungi lose their staining affinity, and become colourless,
the larger ones becohing transnarant,_as in the case of those

trapped uy the infusoris,

(5) CHEMICAL DATA ON THL INFLUENCE OF IMFUSORIA

ON STARCH DIGESTION WITHIN THE RUMEN,

That infusoris are intimately linked up with the
digestion of starch within the rumen is the natural conclu-
sion drawn at first sight considering the large numbers of
these organisms consuming & considecrable amount of starch
wvhen aveileble, However, the resultis of the nrevious
experiment nullify any significance that infusoria may'have
been believed to have in starch digestion, The following
experiment wes planned in order to confirm this., It was
decided to compare the rate of disappesarance of a given
quantity of finsly sifted yellow meallie meal dosed 1hto the
rumsn of & sheep containing its normal infusorial vounulation,
with the rzte of disapearance from the same animal after
sterilising 1ts ruminul fauna of infusoria,

For this purpose two sheep were selected and olaced
on a grass hay diet (No. 8) containing no chemically
detectable starch. An amount of 20 grams of mealie meal was
then dosed daily through the fistula tube in order to
establlish an infuscrisl population of BOO=1000 per cuble
millimetre, ‘hen this was reached samplee of ruminal contents
were withdrewn for quantitative chemical determination of
starch 10 minutes, © hours, © hours, 12 ané 15 hours after
dosing, The extrection procedure described by C.S5. hanes
(1926) and@ the chemicsal methods of Edwards et al (1928)

were followed.

After/..........
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After a series of analyses with satisfactory
results the animals were sterilised of thelr infusorias by
dosing each with 2 grams of copper sulvnhate in 24 solution
on three consecutive dsys following 24 hours stafvation and
allowing water ad libitum, sicroscooic examinetions over &
period of ten days were all negative, Not only were all the
infusoria sxterminated but also the starch attacking cocci
previously present, and of which pure cultures had been
obtained, These organisme were cultivated agein in the
rumen of both cheep by inoculating each of them with fairly
heavy cultures from six plates, ealie meal (20 grams) was
dosed dsily &8 before, to encourage the becterial culture to
develop, \hen these organisms could be seen attacking starch
gralns as before, szmnling was commenced and continued until
conclusive. results wers obtsined, 8See Table 8,

Dlscussion and conclusions:

(a) Owing to the anstomical structure of the forestomachs it
iz impoaslible to collect for any period of time, material
passing from the rumen and reticulum to the omasum and abo-
masum through the omassl groove, Hence the guantlity and
compoeition of ingesta peesing through the omasal groove is
unknoyn, For this resson it was impossible to determine the
emount of starch vhich passed out of the rumen undigested,
so that the estimations were confined not to the rate of
~dlgestion of starch tut to the rate of disappearsnce from
the rumen, Thie includes the amount of starch digested in
the rumen as well as that passed out ef the rumen, Under
controlled conditions of feeding and watering the latter
could be taken as constant over veriods of 12 or 24 hours,
(b) In both sheep 20 grams of yellow mealie mesl had complete-
ly disappeared by the 15th hour when the rumen had an
infusoriel population of 800-1000 organisms per cubic milli-
metre, After sterilising the rumen of both sheep from their

infusoria/....ccceee
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TABLE 8,
RATE OF DISAPPEARANCE OF STARCH FRCM RUMENR.

Date, Amount of starch at different periods after dosing, Remarks.,
10 minutes 5 hours 9 hours 12 hours 15 hours
1. 8heep 49, Note: The amount of starch is expressed in
gransg per 100 grams ingesta.
27/11/39 0.130 0.018 0.10 An iodophilicococcus was noticed to be present
29/11/39 0.11% 0.054 0.32 in fairly large numbers and competing with
1/12/39 0,156 0.016 Negative, the infusoria in the breakdown of starech,
15/12/39 0,120 0,037 0.012
17/12/39 B.08d 0.033 Negative
19/12/39 0.122 0.026 "
21/12/39 0.148 0.014 "
After sterilisation with CuS0, and inoocu- On 30/12 the sheep was inoculated intra-
lation with iodophilic baoteria.
ruminally with 6 plates of pure culture of the
iodophilic coccus which was destroyed in the
2/ 1/40 0.073 Trace Negative rumen by Cuso,.
4/ 1/40 0,053 " "
6/1/40 0.074 0.014 n
II. Sheep 43.
23/ 2/40 0,082 0.059 0.020 - Trace An iodophilic coccus similar to the type seen
26/ 2/40 0.087 0,017 0.008 - ] in sheep 80, 49 as well as an icdophilic
28/ 2/40 0.069 0.036 0,016 - " bacillus were present in fairly large numbers
1/ 3/ 40 0.058 0.022 Frace - Kegative attacking starch grains.
3/ 3/40 0.059 0.039 0.025 - Prace,
After sterilisation with CuSO, and inocu- On 10/3/40, sheep was inoculated with 6 plates
lation with iodophilic bacteria.
of pure oulture of iodophiliec organisms as in
13/ 3/40 0.C76 0.012 Negative - Fegative. the case of sheep 49, No culiure being
15/ &/40 0.076 0.041 0.011 - Trace, available the bacillus could not be inoculated
17/ 3/40 V, 0565 0.025 Trase - Negative in the rumen, it having also been destroyed by
19/ 3/40 0.089 0,064 0,014 - Trace, the Cus0,.
21/ 3/40 0.085 0.062 Trace - Negative,
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infusoria and inoculating the rumen with cultures of starch
splitting coccl usually nresent, but destroyed or inhibited
by CuSO4 dosage, there wae no decrease in the rate of
dissppearance of the same quantity of mealie meal,

Ir infusorla did plaey a r8le in the digestion of
atarch one would have expected to find significant undigested
starch reslidues after 15 hours owving to the absence of
infusoria to digest 1t, 1t is, however, clear that the
function of these organisms 18 teken over entirely by the

starch splitting bacterisa and moulds of the rumcn,

(6) OBSERVATIONS ON THE EFFiCT QF INFUSORIA ON

"CELLULOSE DIGKSTION,

The rate of digestion of crushed lucerne stalks
was determined first in sheep hafbouring the normzal infusorial
population eand subsequently in the same sheep freed of
infusoria, For this purpose silk bags, as deacribed by Quin,
van der Wath and Kyburgh (1938) were used, Known wveights of
a sanple of crushed lucerne stalke were susnended through the
fistula tube by means of & silk thread and exposed to ruminal
digestion for periodé of 24 and 48 hours, Duolicate bags were
susyended each time, one being withdrawn at 24 and the other
at 48 hours, Ths sheep were kept on an adequate dry lucerne
hay diet during the experiment, Analysis for average percent-
age cellulose in residﬁes were made and ocompared with the
percentage cellulose present in the homogenous stock from which
the samples were t&kén.

The expsriment wss done first in two sheen, the
paunches of which were sterilised of infusoriz with Cu304
three weeks before, Subsequently these sheep were infected
with infusoria and when the fauna was well estzblished the
experiment was repeated,

Table © shows the results of the analyses.

Discussion/.. .. ieeeee
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afeme:

Discussion and Conclusions:

——

As seen from the sanalyses the results tend to show
an inerease in the amount of cellulose Aigested within the
first 24 hours when infusorlia were present in the rumen, It
was, however, found in the course of another exvperiment on
the same and other sheep with normal unsterilised fauna, that
the rate of cellulose digestion may vary byimore than 5% in
24 hour periods under controlled conditions of feeding and
watering, The results therefore do not Justify at this stage
the conclusion that infusoria have & beneflclal effect on
cellulose digestion. For statistical nurooses the exveriment
should be extended to include several more animals,

From the table it appears that the rate of cellulose
digestion is uneven over & period of 48 hours, An average of
13,2k cellulose was digested within the first 24 hours, where-
as an aversage of ;gagé.was digested over a period of 48 hours,
Thus during the second 24 hour period, 2.4% only was digested.
This decrease in rate of digestion is probably due to the fact
that the portion of cellulose more exnosed to attack by bscteris
and enzymes is broken down first, and that the more incrustated
and deeper seated cellulose is only gradually reached by
digesting influences. It was clearly demonstrated by Baker
and martin (1937) that in the ocadcum of the horse and the
rabbit, and in the rumen of the sheep (1938), cellulose
particles are attacked by svecific organisms which either
adhere to the aﬁrrace or penetrate into the esubstance of these
particles., In addition there is the possibility that ruminal
fluld may be rich in enzymes secreted by cellulose digesting
bacteria and which bathe the cellulose narticles.

The mechanisms employed in rumihal dlgestion of
cellulose is therefore on a par with ruminal digestion of

starch/.eovee....
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staerch. tYhe digestion of cellulose within the body of the
infusorium is also considered to be primarily due to the
enzymnes of cellulose digesting bacteria ingested by the
infusorium., On this basis it is believed by the author
that the clliates contribute nothing towards the ruminal
digestion of cellulose, This supnorts Mangold's theory that
cellulose breakdown does occur within the infusoria but by

means of similarly ingested cellulose digesting becteria,
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TABLE 9.

RUMIE AL DIGESTICN OF CELIULCSE.

Sheep Condition Period of Number of Average ¢ Average ¥ % Cellulose Average  cellulose Average 4
Ko. of rumen. exposute periods total loss loss due in sample. in residues calec, celiulose
to digest- exposed, to leech- on original weight digested.
ion. Inq- of samfe. (a = b).
aj b.
58 Free from 24 hours 4 41.2 26.5 40,9 30,0 10.9
59  infusoria 24 " 4 41.0 25,5 40,9 28,3 12,6
68 do. 48 " S 46.8 20,5 40.9 26.1 14.8
59 do. 48 " 3 49,9 25.5 40.9 23.8 17.1
58 Infected 24 hours 3 40.3 26.5 40.9 7.0 13.9
with '
59 infusoria 24 " 3 43.6 25.5 40.9 25.7 19.2
58. do. 48 hours 3 435.3 2b.5 40.9 26,9 14.0
59 do. 48 " 3 48,5 25.5 40.9 24.1 16.8

versity of Pretoria
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PLATE I. Infusorisl digestion of starch: Gen, entodinium,

1.
2.
3

Hungry @&ntodinium X 500,

Freshly ingeeted sterch granule, X 220,

Brovn granules gathering within infusorium after 1 hour,

X 220,

Increased brown grenulee after £ hours,

Complete obliteration of structure by brown granulees -

8 hoursa,

Granules losing their lodophilic reacticn -~ 18 hours,

Further advanoced stage after 24 hours, At 48 hours the

granules ere usually translucent again,

PLATE II, Infusorial digestion of starch: Gen. Diplodinium.

1.
2

3.

(B

Hungry Diolodinium, X 270,

Freshly ingested etarch granule, X 270,

Brown granules gathering 1 hour after ingestion of

granule, X 270,

Brown grenules increased 2 hours after feeding,

Jome freshly ingeeted starch granules 8 houre after

initisl feed.

Brown grenules masking infusorial structure after 18

hours.,

Granules clesaring up eftar 24 houre,

of
PLATE III, Photo/coloured plate showing digestion of

starch granule within an infusorium, Gen. Entodinium,

a = anus,

8 = starch granule,

n = nucleus,

m = mouth,

4 = glyzegen containing bsoterias.
e = discharge through anus.

Digestion gycle:

1. Hungry infusorium containing some transperent bacteria.

2./'0-00...0-
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2, Infusorium with freshly ingested starch graznule,

3. Engorged infusorium showing commencement of bacterial
synthesis of glycogen.

4. Synthesised glycogen staining brown in the bacteria
contained within the infusorium,

5. Disintegration of starch granule commenced.

6. Accumulated masses of glycogen conteining bacteria with
expulsion of some from anus.

7. Complete disintegration of starch granule leaving only .
& dark mass of iodophilic bacteria.

8. Almost complete metabolism of glycogen by bacteria,

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Que#® YUNIBESITHI YA PRETORIA

INFUSORIAL DIGESTION OF STARCH : GENUS ENTODINIUM.

X 220 7

<
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Infusorial Digestion of Starch: Genus Diplodinium.

:"‘.\“\;’

T

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

@ YUNIBESITHI YA PRETORIA

PLATE 3,
PHOTO OF COLOURED PLATE SHOWING DIGESTION OF

STARCH GRANULES WITHIN AN INFUSORIUM.

X 220
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IXI, B, (1)
BACTERIAL POPULATIONS IN RELATION TO DIET WITH

PARTICULAR RioFERENCE TO THE NITROGEN,; CARBOHYDRATE

AND BINERAL LEVELS OF THE FEED.

l. Litersature,

2, Experimental.

3. Discuesion of experimentsl results,

(a) the influence of the nitrogen and carbohydrate content
of the diet on the number of ruminal bacteria nresent,
(b) the influence of minerals on the ruminal microflors,

4, Conelusions,

1. Literature.

Hart et a1l (1939) studied the effects of the
subatitulon of urea for the pnrotein nbrtion of the food, and
attempted to draw conclusions in regard to the number of
ruminal bacteria in their experimental animals by making
.bacterial cultures from ruminal contents taken after death
of the animal., They concluded “that no essential qualitatiie
or quantitative differences were revealed, The culture tech-
nique used by these authors was not described. This 1g the
only reference traced in the literature relevant to the deter-
mination of the number of bascteria in the rumen of animals,
Reference to the ruminal bacteris has been made freely by
several research workers; the amount of digestible protein
derived fron rumen bacteris has even been calculated by\
Schwarz (1925). Notwithetanding all this interest and acti-
vity no technique for the counting of these micro-organisms
has as yet been evolved, and consequently no information is
avellable in regard to the variety and density of the ruminal
bacteria,

2, Experimental,.
In order to ascertaln the relationship existing

between the number of bzcteria in the rumen and their

nutritional/ceeeecenss
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III. B, RUMINAL BACTERIA.

(1) Bacterial populations in relation to diet with
particular reference to the nitrogsn, carbo-

hydrate and mineral levels of the feed.
(2) The digestion of starch by ruminal bacteria.
(3) Celluloee digestion ms influenced by

(&) the bacterial populstion of the rumen.
(b) the lignification of plant tissues.
(¢) the nitrogen and carbohydrate content

of the feed.

(4) The possibility of oystine synthesis in the
rumen and its relationship to nitrogen -
metabolism,

(6) The utilisation of urea by ruminal micre-

organisms,
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nutritional requirements, 1t was deemed advisable to
tabulate the different ratlons that were fed to the sheeo
over extended periode during which counts of the ruminsl
bacteria were regularly undertaken (table 10). Counts were
made according to the technigue described above., Grouos
comorising five to twenty sheep at a time wePe used and the
averags bacterial counts for the groupe taken during the
different periods. As a rule there were very emall indivi-
dual variations in the bacterisl counts, excepting when a
sheep went off its feced, or if, for some reason or another
it developed unfavourable conditions in the rumen,

It will be observed from the data given below that
a number of the rations were 2ctuslly used as exnerimental
rations in other sections of this work ané will be discussed
agaln, though from another point of view,

Three differsent basal ratione consisting of wheat

- straw, mature veld hay and lucerne hay were employed

throughout, Tﬁese were fed as roughage, firstly, without
supplementation and afterwards were supplemented by various
feeds, e.g. urea (a non-protein-nitrogen compound), minersls
in the form of bone mesl, &n smino acid viz cystine,
dextirinised starch, yellow orushed msize, meat meal and white
fish meal. Observations made on sheep running on natural
pasture during different seasons of the yesar are also

inecluded,

2, Discussion of Experimental results,

(a) The influence of the nitrogen and ocarbohydrate

content of the diet on the number of ruminal bacteria present.

According to a statistical analysis of the bacterial
porulations present in the rumen under different exverimental

condition/.ceevvnens
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conditions, the difference between any two counts must be

of the order of 255 x 10° per cubic centimetre to be of
significance., This will be borne in mind in the discussion
of these resultes, From tsble 10 it apnears that sheep on a
desily diet of 600 grams of wheat straw only, had a bacterial
population of 580 million per cc, Sunvliementation of this
diet, which contained aprroximately 0.3 ver cent. nitrogen
(protein = N x 6.25), with 200 grams of dextrinised starch,
which is prectically free of nitrogen, produced no significant
incresse in the bacteriasl populstion., When, however, 5 grame
of urea (= 2.33 grams of non-protein-nitrogen) was added to
the wheat-straw-dextrinised-starch retion, there wes a
eignificant respouse &nd the bacterial flore inbreased'by 74
per cent. On substituing white fish mesl containing &
corresponding amount of nitrogen, for the urea, the tacterial
population increassed by 206 per cent.

As the d4iet comnosed of whsat gtraw was very low
in nitrogen as well as in starch, it could not maintsin the
bacterisl pooulation at the normsl level, The bacterial
population varies with the diet, but as will be seen from
the table, a wheat straw diet correctly sunnlemented (e,g.
trial No, 4) should maintain a flors of approximately 1800
mlllion per cc, Consequently there appears to be little
doubt that with sufficient earbohydrate present, nitrogen was
the limiting factor to bscteriel proliferation. This is
further borne out by the counts observed in feeding trials
Koe, 7, 8, 9 and 10, 1In trial 7, only 7.7 per cent. of maize
wesg added¢ to the retion compared to 17.0 per cent, of meat
meel contelning 80 per cent. of protein. This constituted a
ration deficient in starch, with an excess of nitrogen. A
bacterial count of 1200 million, which is well below the

normal /. eeeeeon,
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normel count exnected was eobserved. On incressing the
peércentsge of meigze to 30, that is, to a more or less normal
level, and maintaining an excess of meat mezl, the bacterial
growth was etill depressed., An excess of nitrogen, therefore,
exercised an inhibitory influence on bacterial oroliferation,
not quite to the same extent as in the case of a nitrogen
deficlency.

A further trial (No. 9) was undertaken to observe
the effects of a diet containing the amount of caruvchydrate
normally required and supnlemsnted with twlce the necessary
amount of nitrogen., 1In this instance the bacterial population
increased by 46 per gent and reached the same level a3 was
obtalned on a balanced dlet of tae same cownonents in trial
No. 10, It is interesting to note that the exneriental
aninals sctually lost weight (on an average 2 1lb, per sheep)
during feeding trials number 7 and 8, although difficient
natrients were ingested by them at least to maintsin their
body welght. An excess of nitrogen in the form of meat meal
therefore proved harmful not only to the ruminal florz but
also to tne host animel itself.

With regard to the influence of carbonydratss on
the pacteriml populution, it wes found that the addition of
200 grams of dextrinised starch to & diet of 600 grams of veld
hay did not imorove the bacterial populetion significantly
(trials 12 and 13), With the adaition of 100 grams of
maize to a veld hay dlet and suffioient meat meal to keep
the sheep in nitrogen equilibrium, the bacterisgl floras
doubled iteelf, With a further increase in carbohydrate to
200 grams and a reduction in meat meal (trial 18), to keevo
the nitrogen level constant, the bacterial popnulation
increased slightly from 1785 to 1964 million ver cc., On
feeding at & 300 gram level of maize, which now in itself

provided-/.........'
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provided sufficient nitrogen for maintenance, & decreased
bacterisl proliferation was brought about, The vopulstion
was lowered to 1567 million, 1.e. by 24 oper cent, ©GSheep
which continued receiving a small amount of meat meal
together with g lsrge maiste supplement showed a simllar
depression, It éppears therefore tnat of the different lsvels
&t whioh malze wss supplemented, the amount of 200 grams had
the most favourable influence ¢n bacterial growth, orovided
adequate nitrogen wes present., As ls the case with nitrogen,
both a deficiency and an excess of ca&rbohydrate had an
irhibitory influsnce on pacterial proliferation., Optimal
conditions for bacterial gréwth in the rumen are therefore
craated when the animel rsceives & balanced ration aas in
period 6, table 15,

TABLE 10,

Bacterial vopulations in relation to 4ifferent diets,

I. dheat straw,

Feeding Diet Ration No., Bacterisl count
trial Yo, ner cuble ognti-
metre, X 10
1 Wheat straw (600 grams) 580
2 " + dext, starch 612 and 837
{250 gramrs)
3 " + dext, starch + 11 1068
ures
4 “ + dext, sterch + 13 1875
wvhite fleh meal
5 " + dext. starch + 18 1106
bons meal,
6 v + bone mesal 19 1094
7 » + mEize + meat meal 14 1200
8 * + " + meat meal 15 1244
9 " + # + . " 16 1818
10 I I 17 1890

II. Veld Hey/eewouonn.
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I1, Veld Hay.

Feeding Diet Ratlion No, Bacterisl count
trial o, per cubic centi-
metre, X 10°
11, hatural veld ad 1lib.,
(tauvle No, 5).
(&) Juiy (miGwinter) 1067
(b) January (suaner) 1849
12 Veld hey (600 grame) 080
13 " " + dext, starch 981
(200 grams)
14 " "+ Gext., starch 1254
+ bone meal.
15 * * 4+ Lone weel 1102
16 " " < meat wmeel Period 2, 1557
table 15.
17 " * 4+ meigze (100 Feriod 4 1785
grems) + table 15,
meeat mecl.
13 4 " 4+ maize (200 Period 6, 1864
- grauLs) + table 15,
neat meal.
1¢ " " + maize (300 Period 7, 1567
grame) in table 18,
excress,
I1Il. lucerne,
20 Dry lucerne hsy (500 1986
grans )
21 " " + maize - 3 -— 1874
(300 grame) ,
22 4 # 4+ gystine 2330
(1 grem), :
23 Green lucerne (500 gm,) 1571.

Shcep on & Gry lucerne hay diet showed no 2ignifi-
cant changes in the nuaaber of tasir ruwinsl bacteris wxnen the
ration sas sunplemented with malze., Thie 18 vrobsiliy aue
partly to the fact that the composition of & good lucerne hay
approzches that of a balunced ration for nature sQeen.
Lucerne 1s, however, known to bLe low in cystine (Hasg, 1931);
gsupvlementation of lucerne hxy with one gram of c¢ystine daily
stimulated bacterial proliferation from 1255 million to 2330
million, i.e. an inorsase of 20 per cent, fThis indicates

that/....
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that a cystine deficlency had a limiting influence on
bacterial multiplication,

(b) The influence of minerals on the ruminal

microflora,

While some organisms multioly on a comparatively
simple medium, it ies usually necessary to suvnly protein,
carbohydrates, and minersl salts if & profuse growth of
pathogenic bacteris is required., For the optimal growth of
ruminal bacteria, the majority of which are orobably non-
pathogenic, one would also expect that at least these three
maln constituents of nrotoplasm would be required in the
medium; A deflclency of elther nltrogen or carbohydrate has
been shown above to have an inhibitory influence on the
ruminal organisms, The influence of the third factor viz,
minerals, will now be discussed on the besis of the results
tabulated above,

On a diet of veld hay supnlemented with dextrinised
starch (trial 13), the average bacterisl count was found to
be 991 million. Both the hay and the starch was deficient
in phosphates. After feeding 10 grams of bone meal dally
( BOcoontent = 20 per cent,), to the sheep for 10 days, the
average counts were found to have increased to 1254 from 991
million, 1.,e., by 26 per cent. over a period of several weeks,
On repetition of the experiment, using wheat straw instead
of veld hay (trial 5), the becterial population increased
from 837 to 1106 million per cc., that is by 32 per cent,

The increase in both trials was definitely significant, The
ration of matur@ veld hay is comparable to that received by
the majority of farm animsals in large arsess of the Union
during autumn and winter, so that, although there would be no
improvement in the amount of cellulose Aigested by the

augmented/..oveeee.e
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augmented becterial flora (vide section III B (3) ), the
animal would at least benefit to the extent of an increased
amount of bacterial protein in the rumen., If the same basis
of calculation is used &s in Section III.B (4), & sheep
would derive apnroximately 2,55 grams more vrotein per day
from lte ruminal bacterie, should it be suprlemented with
10 grames of bone mesl dally. The increased bacterisl
protein must, however, be derived in part at least from other
proteins elready precent in the rumen ingesta and bone meal,
80 that the efrect of bone mesl on the rumen flora would be
to vrovide an incressed amount of essily dipgestible protein
at the exnense of other less easily digestible proteins,
Whether this 1s of significance to the animel in such amell
amounts is doubtful,

Results of experiments conducted by McAnslly and iiaclean
(1935) indicated that yesasts could synthesise much more
glycogen and other volysaccharides from aveilable sugsr when
phosphates were added to the cultural medium, It is orobeble
therefore, that the addition of vhosnhates to the diet of
rumlnents would also increase the capacity of the ruminal
microflora to synthesise such polysaccharides., This would be
beneficial to the host snimel in so far as it would lead to
the conservation of an increased amount of ocarbohydrate
which would otherwise undergo complete oxidation in the
rumen, This would apply particularly to & feed like lucerne
in which carbohydrates are present mainly as sugars which
are easily fermentable and rapidly oxidised., With this losse
of energy the ruminant probably doeces not ‘derive the full
benefits of the sugar stored in lucerne, Attenpts to produce
fat lambs in the Union on lucerne have falled so far, notwith-
standing the fact that lucerne theoretically contains
suffiolent nitrogen and soluble carbohydrates to produce fat
lambs., The cause of this fallure has however, not yet been

elucidated,
IZ ./ /0eececnnne

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



llllllllllllllllllll

I11I. B, (2),
BACTERIAL DICESTION AND SYNTHESIS OF STARCH,.

1. Literalure,

2, Becteriel disintegrstion of starch granules within the
runen,

3. Rete of disintegrstior of msise sterch

{(a) in rumen with developed flore,
(b) in rumen with undeveloped flora.

4, Rste of disintegration of starch grenules of different

cereuls,

5. The digestion of starch in the rumren,

€. Typés of ruminal iodophilic micro-organisms &né their

reagtion to slocohols e&nd carbohydrates.

7. Jecletion of an iodovhilic streptococcus and some of its

characteriatics.

l. Litersture,

A low-power mlcroscoplo exsmination of rumen ingesta
snowe thet infusoria are the most conepicuous organisms. A
more deteiled examination, however, also reveale the onresence
of large numbers of non-pathogenic tacteria, yésts, fungl
and spirochaetes conetituting the microflors of thas rumen,
Non-pathogenic bacteria are¢ of great significance in biology.
The fertility of the soil, production of silsge, £nd the
digestion of mzeses of fibre in the rumen and large intestinex
of hertivorous snimels are procesceg cingularly dependsnt
upon a microfiore and ite products, Thus the =041 carries
its own microflors, through which life and fertility are
elther promoted or alternatively depreesed by the production
of toxine (Neilson-Jones, W., 1941).

Similerly the production of good silege is
dependant upon the definite reaction rhich iz determined by
the microflora present and which in turn is controlled by

the/cveiiinnn.
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the compoaition of the materisls (Smith, 1938), The rumen
and the large intestines of herbivores are large storsge
orgsns in which micro-organisme digeet celliulosic structures
and mase svallable to the host animal previoucly encrustated
food materials such ae pecilns, proteins and carvohydrates
(keyer, w., 1927), &eyer has shown that in this process the
cell membranes flrst Lecome swoilen, then they avpvear lighter
in c¢colour, and with progressive digestion the cellulose
lamsllae becone torn, cavities are formed and diesintegration
sete in, The bu&teria are aeen surrounding the cells and
later penetrating into the interlor vhex»e the digestive
process ie contliued,

Beher snd Martin (1938) s&lso lnvestipgated the
disintegration of oell-wall substances in the gastro-
intcstinel tract of hertivora. According to ﬁhem alsinte-~
gration 1s evidenced by the formation of clearly defliued zones
of erogion, with changes 1in microchemicel and staining
resctiont essociated with miceller dleorgsnisation. (Cellulose,
hemicelluloses and veotlic substances are dissolved, walle
cutin and heavily lignified structures entirely rcalst attack,
In the caecum of the gulnea pig, the rabcit and the horse, as
ws1ll as in the rumen of the sheep, the primary agents of
this disintegration were found to b iodophilic micro-
orgsnisms, giving & blue (emylodextrin) reasction with iodine,
There is very l1little information to be found in tne literature
on the digestion in the rumen of the remaining foodstuffs,
namely proteln, fats and starch, sangold and 3chmitt-Krahmer
(1927) demonstrated bacterial digestion of fata in the rumen,
FPerber (1928) dhowed that infusoria readily ingested fat
droplete, and that these fats were dilgested wlthin the
organism by bsacterila,

Bsker and fartin (1933) observed that in the

caeo‘lm/..‘.’.....
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csecum of the horse there was & deposition of nolysaccha-
rides in ihe indigenous micro-orgeanisms., Tne indication ls
therefore, that these organisms had the avility to form
gtarch-like polysacocharides within their own bodles, from
the sufrounding medium containing celluloes and other
encrustated foodmaterials, or other fermentation »roducts,
8ince no regearcihes on bacterial digestion of
atarcheg in the rumen are recorded, thls study was undertaken

in sn attempt to elucidate some sspects of tahls »nroblem,

2, BACTERIAL DISINTACRATION OF STARCH GRANULKS

BITHIN THE RULEN,

Elght fistule sheep were placed on g whesat-atraw
diet without any chemlcally detectable starch, On this diet
the multinlication of starch digesting bacteria in the rumen
could be controlled either by the addition or the reduction
of starches or sugars,

“The gheep were also freed from infusoria by copver
sulphate administration some weeks bafore, ao as to have all
the etarch sdministered into the rumen svaillable for andis-
turbed bacterial digestion only,

Smears were made daily from rumen ingect:, with-
drawn through the fistule, by adding a drop of Lugol's iodine
to & dron of ruminel ingeeste on a 8lide and covered by a
coverslin, Theae nrenaretions were then exemined for etsrch
granules, When no rore granules could be seen, 5 grams of
reize starch wes aéminietered into thé rumen of esch of four
sheep at » time. After this, emell semnles (2 cc.! of rumen
ingeete w2re withdrevn hourly to follow ur the vrocess of
dieintegratisn of the sfarch grarules, Tre nrersrstion of
smears wag usually continued until the sterch war aomnletely
dilrintegrated, |

The mode of attack and dieintegration of *he

gtﬁrch/......o.oo.
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starch granules is clearly i1llustrated in vlate IV. Flg, 2
shows & few glightly mauve coccl adj)acent to the sterch
granule, one hour after administratiqn of the starch into
the. rumen. Fig. 3 shows & starch granule with double the
number of mauve coccli around it, photographed one hour later.
Fig. 4, taken three hours later again, shows an uncountable
number of mauve and dark mauve organisms surrounding the
starch granule,

Fig., 5, taken seven hours lster illustrates
another granule with almost a pure culture of iodonhilic
streptocoocci surrounding it, The tyovical disintegration of
& starch granule is well i1llustrated. It is excavated from
the sides and there are bscteria filling these craters ‘and
enlarging them until the granule breaks up into fragments,

In Fig, 6 the remnants of such a granule are seen
after having been in the rumen for 24 hours, Only a mass
of dark mauve and brown cocol is left, Some of these cocci
are aslready losing their iodophllic reaction. Three or four
hours later most of them will have become translucent again
unlegs fresh starch granules or sugars are introduced.

Although in most instances there were numerous
lodophilic organisms of various types present in the rumen,
the disintegration of starch granules was mainly brought
about by an iodophilic streptococcus ususlly present in
large numbers, The disintegration followed & definite
pattern.

By incubeting sterilised starch granules with
bacteria~-free ruminal fluid obteined both by centrifugation
and filtration (Zeitz filter and collodion membranes),
dislintegration of starch granules could not be produced, On
the other hand, when incubated in a synthetic medium, similar
to that used by Woodman and Stewart (1928), in their

researches on cellulose digestion, with cultures of the

lodophilic/c...veen..
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1odonhilic strentococcus isolated from the rumen, starch was
attacked &8 in the rumen, without notioceable evolution of gas.

Furthermore, disintegration of starch granules was
never observed in the rumen if the granules were not attacked
by lodonhilic bacteria, mainly atreptococel.

It seems, therefore, that in the absence of
diastatic enzymes in the saliva of the sheep, other diastatic
enzymes were either not present in the ruminal fluid, or
otherwise too dilute to have any percentible effeot, Conse-
quantly, the only diastases present in the rumen seem to be
those secreted by ruminal bscteria, which would then be

responsible for the entire starch disintegration seen here.

S. RATE OF DISINTEGRATION OF mAIZi STARCH GRANULES.

IN THZ RUMEN,

This is influenced by the presence in the rumen ofi-
(a) A developed iodophilic flora,

{b) An undeveloped flore,

{a) Developed flora:

To promote the develonment of & starch digesting
flora 100 grams of malze starch was administered daily
for 10 days through the figtula tube of & sheeov on a hay
diet, After this the rumen was prepared for starch dlgestion
triels by omitting the administration of starch 48 hours
before commencement of the trial. After this period the
rumen had become free of starch and the organisma had sll
lost theilr lodophilic reaction., Under these circumstances
the rumen thus contains a rich lodoohilic flora ready to
atteck any starch that may be administered.

On the day of the trial 100 grams of maize starch

was introduced through the filstuls of each of three sheen,

using/.eeieiiiennnn.
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using different sheep in subsequent trials, A small ssmple

(2-3 ec.,) of rumen content was withdrawn for microscopic

examination at regular intervals of 30 minutes after

administration of the starch. dicroscopic prevarations were
made a2 in the previous experiment. The procedure was
continued until neither starch nor iodophilic organisms could
be geen in the preparations,

The results were briefly as follows:-

(1) After 30 minutes a few 1odoph11104strentococci were
present arocund most starch grains, some of the organisms
staining light mauve, whilst others were still trans-
lucent, Péeudo—yeasfs (Fig. 5 (b), Plate V), disversed
in the medium, stained & pale-greenish-yellow with
Lugol's iodine,

(2) After one hour the number of organisms were notably
increased and ﬁore of them staining mauve,

(3) After 2 hours most starch grains were completely
surrounded by 1odophilic streptococci. A tyne of large
iodovhilic strentococcus forming rather long chains was
usually viesible from this stage onwards,

(4) After 3 hours layers of iodophilic strentococci were
packed around practically all the starch graing with
streptococcal chsins and groups of tetracocei (Fig. 3,
(b), Plate V) dispersed throughout the medium,

(5) After 5 hours disintegration of starch granules
commenced,

(6) After 6% hours disintegration of some starch granules
was completed, and lodophilic bacteria were disversed
throughout the ruminal fluild in large numbers. (Plate V,
fig, 3, (a), (b) and (¢) ). Both pseudo-yeasts and the
cigar-shaped bacilli (Fig. 5(a), Plate V), commenced to
show lodophilic reactions at this stage.

(7) After 18 hours only remnants of sterch granules were

present/..........
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were present, These were surrounded by masses of
strentocooci, moat of which had become translucent again,
T™he iodonhilic micro-organisms that were disversed |
throughout the ruminal fluid were rare because they had
comnletely metabolised the polysaccharides responsible
for their nrevious'iod0phllie reactions,

(8) After 20 hours there were nelther starch residues nor
iodonhilic reacting bacteria, Starch disintegration was

therefore completed in from 18 to 20 hours.

(b) Undeveloped flora,

For the puropose of these observations 8 fistula
sheep on a hay diet without starch supnvplementation were used,
Microscopic examination of their rumen ingests revealed no
iodophilic micro-organisms. The trials were carried out as
in (a).

(1) Arter 13 hours, compared with 30 minutes in (a), translucent
bacteria were seen in contiguity with the starch granules,
(2) After 2% hours the organisms reacted to iodine, i.e.
1% hours later than in (a).
(3) Disintegration of starch granules commenced after
7 hours, i.e. 2 hours later thar in (a),
(4) pisintegration was completed after £6-28 hours. In one
sheep complete disintegration took 36 hours,

CONCLUSIONS.

In the rumen of sheep receiving & regular supply
of starch in the diet the bacterial disintegration of starch
granules commenced after 5 hours and was comnleted within
18~20 hours, whilet in the case of eheep not receiving
starch in the diet disintegration commenced after 7 hours;
it was much slower and took 8-10 hours longer, In the sheev
receiving starch regularly, the bacterial flors concsrned in
the disintegration of starch is well developed and conse-

quantly more organisms are aveilable to attack the starch

granules/........
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granules,
In the case of starch disintegrated by bocteria
within infusoria, it was shown above that' disintegration

comrenced after 5% hours and was completed within 24 hours,

4, RATE OF DISINTEGRATION OF STARCH GRANULES OF

DIFFERENT CEREALS,

Using the same technique a&s in the previous
experiment, a series of experiments were conducted to deter-
mine the rate of disintegration of the various cereals that
may be incorporated in the feeds of ruminants, According to
measurements taken by the author in the course of this
investigation, starch granules of the various cereals were
found to differ in size and shave, vide Table 11, below,
Taylor and Iddles (1926) have found that there is also a
difference in composition of the various starches, The sizes
and shaves of the granules in a cereal also vary, e.g.
potato starch granules may vary in length from 9 to 72
microns., Their shave is elther soherical or oblong. The
granules of maize, wheat, oats, rice and peanuts have a much
more uniform spherical shape,

In the table given below it is shown that sterches
with large granules are digested more slowly than those with

small granules, Potato starch which has the larpgest granules,

require 1l hours more than oats which has the smallest

granules, The average maize atarch granule has 1/3 the sige
of the average potate starch granule and is digested 10

hoirs sooner than the latter.

Table 11./ccevc...
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TABLE 11,

Comvarative diameters of starch granules in microns and

rate of digestion,

Starch Largest 8mallest Average Time required for
granule, grenule, granulie complete digestion.

Potato 7e ) 35 28«30 hours:

Wheat 29 6 24 24-26 "

kaize 18 3 12 18-22 '

Peanut 15 3 9 18-22 "

Rice 15 3 6 7-20 M

Cats 12 3 8 17-2¢ ¥

From a statlcsl anslysis of the diameters of the
different tyvpes of starch granules and the rate of digestion,
a linear relationstip was found to exist betwseen the log. of
the time and the dlameter of the granule, The diameter of
starch granules therefore definitely influences their rate

of dislntegration in the rumen,

5., THE DIGESTION OF STARCH WITHIN THE RUMLIN.

Degradation of starch usually results in the forma-
tion of soluble carbohydrates like dextrins and sugars
(Blake, 1916, Stsrke, 1942). It has been shown above that
some of the products of starch degradation are resynthesised
into glyczogen and starch-like polysaccharides in certain
rumlinal mlcro-?rganlems. The polysaccharides thus formed
are utilised by the organisms for their own metabolism as
evidenced by the active division seen in the vseudo-yeasts
during these stages,

As weak organic (fatty) acids, e.g. acetic and
lactic acld have been found to be usually present in the

ruman/...-..cuo.‘
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rumen (Wcodman, 1927), it is possible that these acids are
ferumentution products of some of the soluble ceruvoh; drates
formed during the process of starch hydrolysis. Thees aclds
are in turn changed into salts, e.g. &cetates and lzctates
owing to the presence of large amounte of carbonates in the
rumen,

The soluble carbohydrates are therefore pertly
resynthesised into glycogen eand starch-like nolysaccnarides
and probably also partly changed inte weak organic rcids and
their salts, The percentage of starch formed inte organio
ncids 1s unknown, According to Woodman only about 8% of the
totel digestible carbohydrate of the food in the rumen 1is
broken down to the gas and organic acid stage, He essumes
consequently, that approximately 87 of the cugar present in
the rumen will undergo further bacterial breskdown, &nd that
the rest ofthe suger will be absorbed in the alimentary
tract of the animal., Woodman advanced these arguments to
support hla theory that cellulose is broken down by bacterisl
digestion to oe&llobiose and thence to dextrose, He considers
this comnarable to the iigestion of starch which is first
hydrolysed to maltose, and then to dextrose, by enzyme action,
Woodman's theory 18 therefore, that all earbohydrates in the
rumen are ultimstely broken down to dextrose and absorbed ss
such excepting for apossible 8% which are broken down by
bacterisl astion to orgsnic =cids and gases.

Mangold (1929) ovvoees Woodman's theory and
suggests that in the rumen, substances such as sugsrs,
starchee, and oellulose, ferment to form pgases, organic
fatty acide and alcohols, Neither Woodman nor kangold,
however, considered the poséibility that the microflora may
be able to reform starch~like nolysaccharides and glycogen
from the breakdown products of starches introduced into the
rumen. They regarded the mlcro-organisme only &s secretors

of/..OI..C..'
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hydrolytic enzymes aggisting in the breskdown of orgsnic
matter in the rumen.

The amount of digestible carbohydrates formed into
acids znd gasecs in the ruﬁen is dirfioulf, if not imrmossille,
to assese, because materlal is constantly pescsing out of the
rumen to the omasum and atomasum, psrticulerly during
'reeding (Quin znd vsn éer Wath, 1938). 1t is thus imocesible
to calculate at any one moment, how ruch of a substance
placed in the rumen &t 5 given time is still left in it at
& later stage., Under these exserimental difficulties it is
thercfore imposeiltle te eveluate the gmount of starch
digested in the various ways in which 1t msy be dealt with
in the rumen.

A schemuatic presentation is given below of ruminsal
digestion of starch, based on the data obtained in thie study
a8 vell as on some known facts about starch hydrolyeis.

Starch adrninistered into the rumen,

(a) [4)]

Passed directly Formation of goluble cartohydrates in
from rumen to rumen by the action of bmeterial diastatic
abomasunm and in- enzymes and noseibly also maltare of the

testines - hydro- endosperm,

lysis by digest- i
ive acids and (65 gtarch and glycogen (d) Portion of
enzymes, (Obser- are synthesised in iocdo- eol., carbohydrate
vations made on philic organisms, formed into weak
shecp with &bo- organic acids
masal fistula), . {chiefly fetty acid
% l e.g. ecetic and
{e) (t) lectic zeid and ges
Pagssed to Production (woodmen),

ebomesum  of heet,

&né intee- energy and (g) \

tines end gas in bace \4
digeeted terial mete-~ Formed into the

by proteo~ boliem, selts of these
lytic and acide,
other di- l/
gestive Pessed to abomasum
enzymee,

6. TYFES/ oo.o.. ... .
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6., TYPES OF RUMINAL IODOPHILIC MICRO-ORGANISHS AND

THEIR REACTION TO ALCOHOLS, AND CARBOHYDRATES.

In studying the digestion of starch in the rumen
xeveral types of iodophilic micro-organisms were observed when
sheep were fed elither starches or sugaers, Baker and Martin
(1937) desoribed the iodophilic organisms encountered in a
study of cellulose digestion in the caecum of the rabbit,
They found similar organisms in the caecum of the horse and
guinea pig and subsequently (1938) also in the rumen of the
sheep, They concluded that the primary agente in the disinte-
gration of cell wall substances in the rumen were iodophilic
micro-organisme, very similar to those observed in the horse,
guinea pig and rabbit, By using special methods these
investigators cliam to have observed iodophilic bacterie in
the interior of lacunae formed in the cellulose particles,
The 1odophilic bacteria and pseudo-yeasts concerned in the
digestion of starch in the rumen can be demonstrated without
difficulty by using Gram's or Lugol's iodine, To & drop of
ruminal fluid on aclean slide & drop of Gram's iodine is
added and ocovered with a thin coverslip. Any iodovhilic
organisms, whether brown or blue, are immediately discerned,

The bacteria and pseudo-yeasts enumerated below
(table 12), were observed inthe rumen of the sheep used in
these experiments, Apart from their size and physiological
action, detailed desoriptions of these organisms will not be
given., They are olearly illustrated in phot-micrographs
Nos, 1 to 5, Plate V,

TABLE No. 12/.......
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TARLE NO, 12,

Micro-organisms, Bl ze ggnthetlc Produts
{microns) Glycogen Starch
Streotococcus (Pnoto 1, .65 X
Plate V).
Btrentococcus, large type.. ¢
{pPhoto 2, Plate V), 1.35 X
Te tracoccus (Photo 3(b), 5x8 X
Plate V),
3mall bacilli - various {(.5x3
types (Photos 3(c) and (
5, Plate V.) (.5 x 2 X
Large 1odoph, clgar-shaped (2.5 x 16 X
bac. (Photo 5(a), Plate V) ( 4 x 13

Pseudo-yeasts, dividing by
binary fission (Photos 4 4 x 8 X
and 5(b), Plate V.)

In the course of this study it wes observed that
these 1odophilic organisms reacted differently to different
carbohydrates, e.g. starch and glucose, 1If glucesse was
administered into the rumen, the vpseudo-yeasts and some
bacteria, especially the cocci, soon rescted iodoohilicslly
by staining dark brown and bluse, resnectively. Wwhen starch
was administered these orgaenisms reacted similarly, but the
reaction was much delayed and not as strong., It was therefore
decided to test the reaction of the iodonhilic flora to the
introduction of various alcohols, sugars and other carbohy-
drates, into small quantities (10 cc.) of ruminal ingesta
incubated at 39°C. immediately after withdrawal from the rumen.
The test material was used in concentrations of two and five
per cent in the ruminasl ingesta, BMicrosconic prevarations
stained with Lugol's lodinewere made and exsmined after 15
minutes, 45 minutes, 3 hours and in some instances 20 hcurs
after the commencement of incubation. The observations on
starch were carried out in vivo at the same time and on the
same sheep.

me/..tn...uo‘
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The results are tabuleted below (Teble 13).

it will e observed thati:

(1) The three pentoses used nemely, arabinoée, xylose end
rhamnose ﬁere not agsimilated by the micro-orzanisms to
form 1odoohilic polysacéharides. The other_msnosadcha-'
rides used were hexoses. Of these dextrose (glucose)
and laevulose (fructose) were very reedily agssimilated
and condensed into lodornhilie nolyeaccharides. Gslactose,
however, produced an iodonohilic reaction in the oigar-
shased bscillus only.

(2) The disaccharides @altoée and saccharosewere asgimilated
by all typec of iodophilic micro-orgenisms, but not as
fast as laevulose and dextrose, Lactose and celloblose
produced deleyed i1odovhilic reactions in the bzeterie
only.

(3) The trissmocheride, reffinose, produced en esrly
lodophilic reaction in all types of iodonhilic crganisms,

(4) Amongst the polysscohsrides, starch and vectine showed
delaye%,rsactions in the bacterisz and to & lesser extent
in the pseudo-yeasts as well, The readily soluble ooly-
‘seccharidee inulin and soluble starch were aseimilsted
within 15 an¢ 45 minutes respectively.

{(5) Of the alcohols, isodulcite nroduced no icdonhilic
reaction, whilst minnite anéd sorbite were assimilsted
soon, although the last nemed wee spnarently noorly

assimileted by becteria,

CONCLUBIONS,"

(1) Of 211 the substrates used, leevulose (fructose) &nd
dextrose (glucose) were most readily assimilated by the
icdophilic flora, as Judged bytheir intense iodovhilic
reaction,

(2) 8tarch was metabolieed, but very slowly, vrobably owing

tO/QOOODOOOOQ
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RATION OF RUMINAL IODOPHILIC MICRO-ORGANISMS TO ALCOHOLS ,SUGARS AND OTHER SOL. CARBCHYDRATES.

Nature of
substrate

Substrate

Period of ineubation and resction of OTgs,

40 minutes

40 ninutes.

5 hours,.

0 hours.,

Galactose ¥onosaocch,

Arabinose b
Xylose »
Rhamnose "
Glucose "
u)exnaose)
Lasvulose "
(Fructose)

Lactose Pisacch,
Maltose L
Saceharose "
Cellobiopse "
Raff inose Trisacch,
Mannite Alcobol
Sorbite "

Isodulcite "

T ias” g

Nt S Dot T e

Inosite Benzol
Salicin Glucoside)
)
)
Inulin Polysacch.
Peotin »
Untreated
Maize starch "
Soluble "
Starch

Cigar shaped bac, light
blue

neg.

neg.

neg,

Pseudo~yeasts -~ dark

hramn and awnll on
Clgar.bac.: dark blue
bands,

Bascteria:; blue

As for glucose, but
more blue bacteria,
neg.,
As for glucose,
As for glucose, but
Pseudo~yeasts only
showing brown patohes,
nego.
Pseudo~yeasts: light
dbrown
Cigar., bac.: blue bands
Bact.: some are light
blue.
Ps.~-yeasts: brown poles

Cigar. Bac.:blue bands,
Buoct.: light blue

Ps.~yeasts: light brown)
Cigary bact,: bluebends)
Bact.: neg. )
nege
neg.
Ps.-yeasts:brown poles

Cigar. bac,: blue
Bact.: neg.

P8 .-yeasts:brown spotis
Cigar.bac.:light blue
Baoct.: nege.

neg.

neg.

nege.

St Wmgrt Ysomett g Vet S Wt

)
)
)
)
)

Ag at 15 minutes,
neg.
neg.

nege.

AS &% 1D HIOULTEH,

As at 15 minutes

neg.

As at 15 minutes,

As &t 18 minutes,

Some small bact, brown.

- deecper brown
-~ deep blus
~ light blue

-brown extending from
poles.

«blue throughout
«-light blue

AS at 15 minutes,

neg.
neg,
~brown
~dark blue
~gmall no. blue.
( Spots.
(«larger
(«light Dblue
(-neg.
nage.
neg.

Pe.-yeasts: liéht brown)
Cigar. bac.: neg.

)
Bact.: Fairly numerous g

blue

A8 at 15 minutes,
neg.
neg.
noeg,

AD AV AW MeMWYwss

Many more blue bact,

As at 45 minutes.

gt Vgt Vo LSRR S T ed

Cigar. bac,: blue,
As at 45 minutes,

Pseudo~yeasts: dark
brown and swollen,

ta” et Nt v Vgt

but numerous blue bacteria,

Fairly numerous brown and

blue bact,

}) As at 45 minutes,

-~ dark drown

dark blue
- blue,

t

[

brown poles.
blue
~ blue bact. rare,

L e g
s

neg,
neg,

As at 45 minutes,

Brown spots.

-~ and poles
-« blue
- gsmall no. blue

nege.

neg,

As st 45 minutes

« brown
- blue
« fair no. blue

(Ps.-yeasts-some are
( brown.
(Cigar.buc .- neg,
(Bact,: Fairly nume-
(rous blue ones.

(Ps.~yeusts:some brown

(Cigar, bac.: neg,
(Bact.:fair no. blue,

As at 3 hours.

e e
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to its insolubility and complexmolscular structure,

(2) 9The nentoses did not produce iodonhilic reactions in
any of the ruminal micro-organisms, These substances
have been shown not to be fermented vy yeasts (Plimmer,
1940),

{4) Cellobiose, derived from cellulose, produced & delayed
lodéphlilic resction,

(5) Some alcohole gre assimileble by the ruminal microflora,

It appears therefore thet the microflora cof the
rumen czn gesimilate s wlde range of carbohydrates. The

rste and extent of sseimilation 1s in some meszsure determined

by the complexity of the molecule., This ability of the
rumin2l microflors ie of great advantage to the host animal
as the great varlety of complex oarbohyérates naturally
occurring in ite dlet can pe hydrolysed to lees complicated
structured, and made available to the host snimal in a more

assimileble fornm,

7. ISCLATION OF AN ICLOPHILIC STREPTOCOCCUS AXD

EOLE OF ITS CHAPACTERISTICSH.

A smell coccus wae observed to be the dominant
iodophilic bacterium, alwaye closely ceroclated with etarch
granules in the rumen and present in every sheep examined,
An attempt was therefore msde 1o isolete this orgeniem and
study some of 1ts characteristics in pure culture,

A small silk bag of natural ellk es deecribed by
Quin, vii der Weth and hyburgh (1938), was filled =ith
crushed and shelled sterilised maize kernels, This was
suspended in the rumen through the rigtula. After 48 hours
of ruminsl digestion the bag wae withdrewn and transferred
into & sterile petri dish. It was then onened and a few
partly‘digested kernels dropped into sterile saline. From
this suepension surface cultures were made on dextrose-agar

o
or starch-agar slants and incubated at 39 (¢ for 24 hours,

Two/oo.oaoo..
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Two or thres typnes of coloniss were usually oresent after
inoubntion, OFf these, the smallect dew dron tyne of colony
almoet invarisably pqroved (o oe the strevftococcus asszociated
with the maize Xernels in grasat nuabers. Subeultures wore
nade on dextrose-agar, HSnears weré usually made of some of
tae kerneis and steined with Lugol's lodine aand with dran's

gtein, Clusters of Grar-iodophilic cocc)i vwere observed in

most instances around the starch narticles. (ihoto 1, Plate VI)

Although some other organisms were usually 2180 aresent, they
occurred only in emsll numbers and were not iodovhilic., 1In

& simylar wey, chemicully pure cellulose susgended in a
separate compertment siaultansously with waize, was found te

encourage varicas tynes of Gram negative bucteria {Photo 3,

Plaste VI). A few (ram vositive bucilli , coccowbeclllii and
large c¢occl were &lso present. Casein (79 per cent, protein)

€hcourz.ee predominantiy Cram nogitive orgsnisms, comorised

&lso of lurge cocci, cocco=-bacilli znd brmeilli (Photo 2,
Plate VI).

The indications are therefore, thut materials
submitted to digestion in the rumen encourage specific types
of bacterie to'multinly in itz immediate surroundings. In
the cazse of starch the organisms concerned was found to vlay
2 significant rdle in ite disintegration witain the rumen,
The orgenisms associated with the cellulose and cegein

probatly uleo escsist in their disintegration,

SOLE CHAPACTELISTLICS OF ISOLATLD STREPTOCOCCUS,

1, 81ze : .65 microns (First subcultures).
2. S8trongly Gram positive.
| 3. Nonesporulating ovoid cocci ueually in »eirs or short
chulns,
4, Grosth:
(1) Grows eesiiy in dextrose brotﬂ with fincl pd = 4.0

=3
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(2) pextrose- and starch-agar — in 24 hours at 37°C
discrete sami-transparent colonies,
(3) Does not grow in peptone water pH = 7,5
(4) Serum agar - chains up to 10 organisms. Mostly
appears in pairs, longitudinally, or in chains of
4 to 5.
(5) Serum broth - ghort chains of 4 to 5, Longer chains
of 12-15 infrsquent,
(6) No liquefaction of gelatin,
(7) Good growth in gelatin at room temperature (2500).
(8) Methylene blue in milk not reduced.
(9) Acid formed in milk but no coagulation,
(10) Growth on ordinary agar feeble, Lore profuse on
dextrose-agar, soluble starch-agar and serumeagar,
No growth on dcxtrose-agar at room temperature in 24
hours but minute colonies are oresent after 48 hours.
(11) Broth - Uniform grenular turbidity in broth after
24 hours and even earlier, Heavy deposit. Chains short,
(12) Starch - In synthetic medium (Woodman and Stewart,
1928), the organism ferments gtarch with the
production of zolid but no gas,
(13) After three monthe in stabculture (dextrose-agsr)
sealed with wax and kept at room temnersture, .rowth
was produced on dextrose-agar at 37°C within 24 hours,

5, Fermentation of Sugars:

(1) Ferments : Glucose, Lactose, Saccharose, Maltose,
Laevulose, Raffinose, Aravinose, and Inulin to produce
acid but no gas,

(2) Does not ferment : Mannite, Galactose, Salicin,

Sorblite, hhamnose, Inosite and Dulcite,
It also ferments Aesculin in bile medium producing acid.

6./..........
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6. Resgistance to heat:

Withstands hesting in broth at 60°C for 20 minutes
but is killed efter 30 minutee,

7. Pathogenicity for laboretory animels:

‘Fresh {24 hour o0ld) broth cultures were found none
pathogenic to rabrtits end mice on intravenous and intro-

peritoneal injection of .5 e¢c., 1 cc, &and 1.5 cc,
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PLATE IV, BACTERIAL DIGESTIOR OF STARCH.
Photo 1. Potato starch granules X 220,
* 2, One hour after administration of starch into
rumen & few iodophilic coccl are seen attacking 1it,
" 3. After & hours the iodophilic organisms have
inereased,
¥ 4, After 4 hours & cluster of iodophllic bacteria are
surrounding the starch granule.
¥ B, After 8 hours excavation of the surface of a
starch granule is well advanced,
* 6., 26 Hours only remnants of a granule are left.
They &are surrounded by lodophilic bacteria,
PLATE V, RUMINAL IODOPHILIC MICRO-ORGARISHS X 500,
Photo 1. Pure culture of Gram + iodophilic streptococcus,
" 2, Iodophilic streptosoccus (Large %type).
* 3., (a) lodophilic streptococcl photographed in the
* 220 last stages of their iodophilic reaction and
grouped around the remnants of a starch
granule,
(©) Iodophilic tetracocous,
(c),8mall 1odophilic bacillus,

" 4, BShowing numerous pseudo-yeast cells filled with
glycogen. BSeveral are showing a central constrict-
ion and partition in the act of dividing,

* 6. (a) Large cigar-shaped baci{lli, These bacilli

represent various stages of starch synthesis
within them, Some have blue discs, others blue
rings, and those farther advanced have brosd
dark blue confluent disecs.

(b) Pseudo-yeast cells,

PLATE VI./eoeocevcre
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PLATE VI, INTRARUMINAL DICGESTION OF SPECIFIC FOODSUBSTAKRCES.
———— ’ 0 .

Photo 6. A starch granule surrounded by an slmost pure

culture of the Grem + streptococcus,

® 7. Cssein taken from & silk beg suspended in the rumen
for 36 hours, A rather mixed flora is gseen,
consisting mainly of large Gram + cocci, cocco-
basilli and bacilli, A small number of Gram -
organisms are present,

%  8.Chemicsally pure cellulose suspended in the rumen
for 36 hours. A predominantly Grsm - flors is
present, Relatively few Gram + organisms are

present,
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Ruminal Iodophilic Micro-organisms. x500.
Stained with Lugol’s Iodine .

P“(Q}i%

1 (X 500) 2 (X 500)

B iaa) 4 (x 500)
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Intraruminal Digestion of Specific Foodsubstances. x 1000.

Grams stain .

i
Starch

Casein

3
Cellulose
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III. B. (3). CELLULOSE DIGESTION IN THE RUMEN OF SHEEP

AS INFLUENCZD BY:

(a) bacterial population of the rumen.
(b) The lignification of plant tissues, and
(¢) The nitrogen and carbohydrate content of the feed.

IRTRODUCTION:

In a recent publiocation on the sunplementation of
winter grazing in the Transvael, Smuts and Marais (1940)
stated that: "1t appears fairly definite that there also
exlats an energy deficiency in the protein deficient
grazing®. The energy~-yielding part of meture grass consists
very largely of celluloee and other related polysaccharides,
80 that an anlimal eubsisting on winter gruzlhg only, would
be dependant upon its &bility to utiliss such carbohydrates
for prscgticelly all its energy requirements. Consequently,
it ie a matter of practical importance to determine to what
degree cellulose can be ytilised in such grazing, and to
ascertain to what extent, AT at all, this utillisation 1is
enhanced by feeding supplements containing the main deflclentv
constituents, e.g. carbohydrates, protein and phosphates,

The breakdown of cellulose and the hemicelluloses
18 accomplished not by entymes gecreted from body cells into
the digestive trsct, but by enzymes derived from symbiotiec
micro-organisms (Meyer, 1927). The extent of cellulose
digeetion as a result of bscterisl action is, however,
suspected to be subjlect to variations in the type and number
of bacterla present, which in turn, sars influsnced by the
oomposition of the diet (Hamilton, 1942). The degree of
disintegration of caruchydrates in the rumen a2lso depends
on thelr chemical and physical nature, It has been demon-
strated by Louw (1842) that the cowplex polyssccharides of

m&tum/..........
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mature plaants sre not as well digested as those of young,
growing plsnts. The difference ief due primarily to the
presence of certain encrusting substances, notably lignin,
which are deposited in lncressing amounts in the cell with
advancing mzturity. According to Baker and Martin (1938)
rumen micro-organisms have little or no wction on lignin,
particularly that of msture plsnte, The result is that the
celluloge 18 nrotected from the esctlon of the orgenisms by
the lignin, or, probably by & llignin-hemicelluloege complex.
(c.f. Louw, loc. cit.). In & recent publieation by keAnally
(1942) the percentege cellulose digested in the rumen was
determined by suepending known quantities of cellulose in
8llk bags into the rumen of sheep through fistuleae,
Extensive experiwentetion at this Inestitute has, however,
shown that thls technique ocould not be relied upon for
quantitative determinatione. For quelitative work it proved
however, to be more reliavle, It is known thaet pure cellu-
lose 1s mlmost completely digestible in the pesunch of the
ruminant and that lignified plant tissues are relatively
indigestible, However, the factors controliing the degree
of celluloae digestion &re not yet clearly defined, although
the following are believed to play & part:=-

(1) The nuuber and types of ruminal bscteria.

(2) “The degree of lignification of plant tissues,

(3) 'he smount of sugsr or starch present in the diet,

(4) The amount of nitrogen present in the diet.

The experiments desoribed below were vlenned
primarily to obtalin inforuwation on these points,

The influence of small supplements of protein and
carbohydreate rich foodstuffs on the Dacserizl count in the
rumen and the digestibility of cellulose, was at first
ascertained, For this purpose a basal ration of mature veld
hay containing approximstely 3.0 per cent protein was used.

me/.ooo-ucoon
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The carboaydrate rich supplement was inoreased to determine
the efféet on the microbiotioc decomposition of cellulose
in the hay. In all the triasls coaducted the nitrogen

metabolism wee sftudled,

EXPERINMENTAL,

The exnerinent consisted of a seriss of etudies
on cellulose and nitrogen balance of five full-grown merino
wethers ranging in weisht from 75-130 1b, and on which
cloesd ruminel fistulee Opwratiosns had been nerformed, Mature
veld hsy containipg soproximately 3.0 ver eent of orotein
served as & baeel ration and was fed during neriod I,, supole-
mented by minersi esh and yesst only. This rstion wes
therefore deflcient in nitrogen as well as in rssx?lly avallable
carhbohydrates, producing enerzy. In perind III, cech animal
receivad dzlly nn sdditional amount of m2at meal sufficient
to maintain the nitrogen reculirements of the animals, From
periode III to VII the ration fed in neriod II, was further
supvlenented with incrassinge amounts of yellow crushed malge,
The allowance of meat mesl, however, was reduced with each
gdditicn of meize in order to meintein a more or less
constent intake of Aipestible protein from veriod II. onwards.
Durlng all the perinde each sheep received 3 gram3 of ysast,

5 gra~s of bono ash &nd 5 grems of £21% deily, Pull detalls
of the rations are aiven in table 15,

In order to mocuatom the animals %o the Aist a
preliminary fezding perind of 10 Aays wu3 allowed throughout,
Tha Forbes type 5f metabolism cage wvas ugsed. The faeces and
the urine were aollected daily for periods of 10 days
duration, The usuzl nroczdures for colleeting, »nreserving
and eliquoting of exorate were followad, FPeede, faeces and
urine were anslyaed for total nitrogen by the Kleldshl method,

The/ieivevnnnn
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The methcd of Normen end Jenkins (1933), wes employed to
determine the c¢ellvloce in the feeds and Taeces, For the
baoterisl counts, semnlsg of ruminsl ingeste were withdrawn
through tre fistuvlze ¢ n £t leest three consecutive dayse
during £ collecticn neriol, end the vversge of the three
counteg teken, The Petroff-Herueer counting chember method
already described wes ueed, The arirsls were fed twice
daily, at @ a,m, and 3 p.m., bsctarial counts bzing made
from gamples withdrawn in the norning iwnediately before

feading,
RESULTS,

The escential dsta conoerning the collections and
the goefficients of Aigestibility for the dry matter are
presentzd in tahle L4, The discuseion of the results is
bz2sed on the average values ohtsined in the seven periods in
which flve sheep were uzed, Ceefficients of digeatiboliity
ere nresentesd for both total dry wmatter consuued and ary

matter derived from the hay only. Th the latter case the

goefficienty were caloulated on the sssumption that tha’
cvncentrates, maize znd memt meal, wers comnletely Qlpgseted,
The calluloze &nd proteln contents of the feeds
anmnaar in table 15, ‘the coefficients of digestibility for
sollulose together with the figures for the. breterial
counts, rewnresenting nmnillions of bactoria ver cublic nenti-
me tre of rumingl ingestia, ere presented in tsable 18, Data
relating to the nitrogeh mevsboliem of the sheep appear in

toble 17.

DISCHESINN/ .. e
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DISCUBSION OF RESULTS.

In order to evaluate the siguificance of the
differences bLetween the Tercentage of celiulose digested
(coefficients of dlgestibility) during the various experi-
mentsl veriocds, & statistical enalysis was applied. Fromw
this it was established that the necessery difference
between the mean values of coefficients of Adigestibility
should be 3.30 for P = 0,5 and 4,51 for P = ,0), to bs of
significance (P = probability level). Caloulsting from
table 168 it is found that the Aifference between the means for

periods

l1and 7 = 7,12, 1.e, eignificant at p =,01,

2 and 7 = 3,78, i.e, . " pa 0S5,
3and 7 = 5,00, {,e, . " r= 01,
4 and 7 = 3,30, i.e, " * p = 08B,
5and 7 = 3,64, 1.e. * Y p =05,
1l and 6 = 5,86, 1.0, “ * Pa 01,
Sand 6 = 3,74, L.e. * * p= 05,
1land 5 = 3,48, i.e. . * P =05,
1 and 4 = 3,82, 1.e. " " pa=,05,

Differences not specified in the above summary
were not signifiocant,

The general tendency for the digestibility of the
cellulose was to decrease gradually from period 1 to veriod 7.
The digestibility of the hey was theréfore, not improved by
supplemsnting it with varying smounts of weat meal and
orushed malze in spite of a significant increase in the total
number of bagteria in the rumen, the site of gellulose
digestion,

One or more of the following possibilities suggest

themseslves:

(1)/0.000-0¢-0
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(1) ©No efrfective increase in cellulose digesting bscteria
was brought avout by the enrichment of the medium.

(2) Ths basal ration of hay oreated conditions in the rumen
of the sheep favourable encugh for the exisience of &
cellulolastic flora, capsvle of waxiwmal disintegration
ef the celilulose in the ration,

(3) Lignification of the hay had a limiting influence on
the cellulose digesting rowsrs of the bacteria,

(4) The nitrogen onld oarbohydrste supplements affected the
degree o cellulose dleintegration,

In regard to the first fector méntioned above,

Harric and iitchell (loc, eit,) nroved that the digestion of

¢ellulose wns incresssd coneiderably (by Ll per cent) when a

ration contalining only 0,85 per cent protein wee supnlemented

by .24 grans uree nitrogen daily. However, they did not
gtuvay the influence of the ures supovlewent on the Lacterial
population of the rumen. It wes founé by the writer thet the
addition ot z,33 grame of urea nitrogen to the type of besal
ration emcloyed by Herris end Mitchell stimulated the paunch
flora to 2 significant ineresse of 74 per c¢ceat, ‘thers are
therefore, strong indications that tue inercased cellulose
digeetion dexmonsirated Ly Harris and kitchall wos au: to the
augrentaticon of the bacterial nopulation of the rumen, It
mey thersfore be conciuded that the number of breataoria
present in the rumen sould influence the extant of oelluloss
dlisintegration when the rsation i3 very low in pratsin

(0.85 per cent), dowsver, with tie percentaws of arotein

normelly nresent in maturs veld hzxy (3.0 ver cent), the

r8sults or tne pregent investigation bave enswn that even if
the ruminel becteris wére incrazsed in number they did not
influence the Jdigediibility of the celluloce favourebly,

‘he ireresse¢s in the nuwber of bsoteria from nveriods 1 to 4

(figures in bracrets tablie 18) were not sccompanied by

correanonding/ceeee...
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TABLE 14.
SHONING COLIECTICGRE DATA AND DIGESTIBILITY OF DRY MATTER,

60

Period Sheep Weights (1b.,) Daily ration (gm.) Average Average dally dry Average dally Coefficient of digestibility for dry matter,
Vo . daily matter intake (gm) dry matter ex-

Residue creted (gm.)
(gm.dry
Initial PFinal Hay |Maize Meatmeal matter). Hay Total Total Average Hay Average,
1 3 89 90 600 0 0 107.5 438.5 438.5 232.3 47.0 47.0
4 108 104 " 0 0 122,6 423,4 423.4 203.5 51.9 51.9
5 117 117 " ) 0 105.5 440.5 440.5 233.1 47.1 47,5 47.1 47,5
6 81 83 " 0 0 54.3 . 491.7  491.7 265.1 46.1 46,1
7 83 76 " 0 0 37.5 508.5 508.8 £278.2 45,3 45.3
2 3 99 85 y 0 24 26.5 521.3 544,1 288.0 47,0 44.8
4 109 106 ” 0 25 119.1 428.7 452,4 £30.6 49,1 46,2
5 128 121 " 0 33 75.6 472.2 503.80  269.4 46,5 45,0 43.0 42,4
) 87 83 " 0 2l 30.8 517.0 537.0 323.8 39.7 37.4
7 77 86 " 0 18 £8.1 519.7 5?6.8 308,2 42,6 40.7
3 3 99 97 n 50 16 20 .2 524.6 585.4 £82.9 51.6 46,0
4 110 110 " " 19 109.0 436.8 499.4 281,82 55,7 49.3
5 128 127 " " 27 5.4 539.4 610.6 285.9 53.2 50.7 47.0 44,7
6 86 86 " " 13 26,6 519.2 579.0 309.2 46.6 40.5
7 78 76 " " 12 23,5 5.1.3 578.3 309.2 46.6 40.7
4 3 96 95 " 100 10 3.9 551.1 561.8 306.8 58.0 44.4
4 108 109 " " 16 45.0 §10.0 616.4 281.3 54.4 44.8
5 125 128 " " 20 1.0 554.1 664,32 290.8 88.2 51.9 47.6 42,6
6 92 86 " " 10 18.5 536.5 637.2 314.0 50.8 41.5
7 75 74 " " 4 59.5 495.5  5%90.5 324.8 44.9 34.5
5 3 95 96 " 150 4 13.0 539.0 679.6 306.2 55.0 43.2
4 112 110 y " 7 66.8 485,2 628,6 249.6 60.3 48,6
5 132 131 " " 126 0 B52.0 700.7 270.0 61.5 56.0 51.1 43.9
6 85 87 " " 4 41.6 510.4 651.0 300.9 53,8 41.1
7 76 78 " " 0 55.0 497.0 633.8  321.3 49.4 35.4
6 3 96 96 " 200 0 76.0 476.0 658.4 279.7 57.5 41.2
4 110 111 " " 1.5 79449 472.1 655,.9 265.3 59.6 43.8
b 131 138 " " 70 3Z.7 548,3 737.3 304.6 58,7 56.8 44.4 41.0
6 aa# 87 " " 0 33,1 518.9 701.3 313.9 55.3 39.6
7 79" 7 n " 0 39.4 512.6 695.0 528.8 52,7 35.9
7 3 97 96 " 300 ) 166.0 383.0 656.6 £39.8 65.5 37.4
4 112 113 " " 0 192.0 367.0 630.6 230.8 63.4 35,4
5 135 136 " " 0 33.6 516.4 789.0 £289.0 63.4 60.7 44,0 36.1
6 91 88 " " 0 76.0 473.0 746.6 316.5 57.6 33.1
7 79 78 " " 0 60, 488.9 762.5 340.5 55.4 30.4 -
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TABLE 15: (bHGWING PERCENTAGE COMPOSITION OF FEEDS
A S).

/Oe r/oo/s

- w— A < . A ¢ W co——n s —

Teed Constituent 1 2 3 4 5 6 ”

91‘\1&3 prﬁ" 3. (}Q "9016 3016 5.55 504&9 3-‘5:1 3042

tain
kalze Cellulose 1.8
{rude pro- ' 1l.0
tein.
keal Crude pro- E0.0
Heal tein, B .
Yeast Cralic pro- 56.0
tein. ‘
TABLE 16: SHOW HG.uerFICIAN UF DIGE3TISILITY FOR
T BLoULGO A WITH ,di.uffsb'ﬁ.:.,/‘x.u TG 1% BRecrIms.,

——

Bxiod sheep ¢  Skeep ¢ thespg &  5Sheep € Sheer 7 Mean,

T et WA Wi e e - —

65.4(2.200)71.4(1189)85. 2(1156)63.6(1244)6 .1(1356)65.5(1229)

3.2{1511)65,7(1156)64,7(1456)56,6(1367)59.8(1522)62.2(1490)
65.3(1644)69.5(1756)67.7(1722(57,1(1622)57.5(1767)656.4(1702)
63.9(1889)65.3(1789)567.7(1666)59.6(1639)52,4(1844)61.7(1785)
61.9(1785)67.6(1907)70.5(1700)58.2(1781)562.1(1943)62.2(1824)
59.3(1805)64.5(1944)66,4(1760)67.1(1728)51.1(1694)59,7(1782)
58.9(1716)61.2(1622)67.7(1408)54.0(1644)50.3(1641)58.4(1567)

<N O B B

X Given in millions per ¢o. rwainal contents.

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



TABLE 17. HNITROGEN M¥TABOLISM OF SHEEP IN PERIODS 1 - 7.

5%
<
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Sheep 5 Sheep 4 Sheep B Sheep 8§ Sheep 7 Average for
Period 5 sheep,
1l Eitrogen intake:@. (Hay 2.01 2.23 £2.02 2.456 2,51 2.24
(Yeast .24 .24 .24 024 .24 .24
Total 2.28 2,47 2,26 £.69 .75 2.48
Nitrogen exoreted ;- (Faeces 2.11 2,07 2,18 2,41 2,50 2,28
(Urine 1.01 1.41 1.41 1.27 1.18 1.26
Total d.1% 3.48 3.59 5.68 3.68
K - (apparently) digested C.14 0.40 0,08 0.28 0.25 0.83
¥ R - (apparently) digested 6.2 16.2 5.5 10.4 9.1 9.1
2 Kitrogen intake:- (Hay 2.64 2,38 2,39 2,61 2,63 2,83
(Yeast .38 o4 o 24 « 24 « 24 « 24
(Meat ¥eal 3.07 320 4.22 £.,69 8.30 3.10
Total $.95 5.82 6.85 £.54 5.17 5.87
Nitrogen excreted (Faeces 3.56 3.17 3.77 3.78 3.50 3.b6
(Urine £.88 3.60 3.99 2.94 2,80 de84
Total 6.44 6.77 7.76 6.72 6,30
N - balance - 0.49 - 0,96 - 0,91 - 1.18 - 1.13 - 0.93
N - (apparently) digested 2,39 2.68 3.08 1.76 1.67 2,31
4 K - (apparently) digested 40.2 45.6 45.0 31.8 32.3 39.0
3 NHitrogen intake:- {(Hay 2,60 2,39 2,73 2,63 2.64 2.61
{(Yeast 24 24 24 o4 «24 24
(Meat Meal 2,00 2,43 3.4 l1.92 1,53 2.27
(Mealies .81 .81 .81 «81 «81 81
rotal 5.7 b,.87 7.23 b.60 b.22 5.93
Nitrogen excreted ;- (Faeces 3.30 2.88 3.78 3.37 3.33 3.33
(Urine 1.88 $.04 3.00 2.22 2,18 2446
Total 5.8 5.92 6,75 6,59 5.61
K « balanoce + 0.57 - 0,08 + 0.48 + .01 - (.29 « 0,14
¥ - (apparently) digested 2.45 2,99 $.48 2.23 1.89 2.61
% N -~ (ggparantll) digested 42.6 650.9 48.2 39.8 36,2 43.5
4 Fitrogen iniake:i« (Hay 3.13 3.00 3.1 3.0 £.95 3.06
(Yeast +24 24 s 24 24 o 24 2 24
(Mezt Meal 1.28 2,00 2,56 1.28 51 1.53
¥ealies 1.61 1.61 1.61 1.61 1.6 1.61
Tota 6.26 6,90 7.56 6.18 $.31 6.44
Nitrogen exereted:~ (Paeces 3.62 3,64 3.77 3,587 3.556 5.63
: (Urine 2.16 3.37 &.09 2.71 2,17 2.70
Total 5,78 7.01 6,86 6,28 5.72
N - balance + .48 - 0.11 e 0.70 - 0.10 - 0.41 - 0.11
N - {(apparently) digested 2.64 3.26 3,79 2.61 1.76 2.81
4 N - (apparsntly) digested 42,2 47,3 50.2 42,3 33.1 43.0
& Eitrogen intake:~ (Bay 3.00 2,86 3.08 £,94 2.90 2.96
{(Yeast .24 .24 .24 24 24 24
(Meat Meal .51 «90 1.60 51 0 »T0
(Mealies £.42 PP ¥ 8,42 2.4 2.42 2,428
Total 6.17 6.42 Ted4 6.11 5,56 6.32
Nitrogen exereted ;- {Paeces 3.60 3.24 3.53 3.47 3.52 3.47
(Urine 1l.64 2,17 2.63 2.17 1.68 £.06
Total 5.24 .41 6.16 b.64 .20
¥ - balsnce o 0.93 +« 1.01 v 1,18 « 0.47 - 0,36 + 0,79
R -~ (apparently) digested, 2.b7 3.18 3.81 2.64 2,04 2.80
¢ N - (apparently) digested. 41.7 49.6 51.9 43.2 36.7 44.6
6 Kitrogen intake:- (Hay 2.46 2,76 3.00 £.84 2.80 2,77
(Yeast e 24 + 24 24 el « 24 « 24
(Meat Meal 0 .19 90 4 0 «22
(Mealies 3.22 J.22 3.2 S.22 d3.22 .28
Total b.92 6.41 7.36 6.30 6.26 6.45
Nitrogen exoreted:- {Faeces 3.29 3.51 .98 3.60 3.68 3.60
(Urine 1.48 1.99 2,77 1.71 1.54 1.90
Total 4.77 $.50 6.69 5.31 5.22
N - (apparently) digested 2.63 2.90 3.44 2.70 2,58 2.8
% K - (apparently) digested 44.6 45,2 46.8 42.9 41.2 44.1
7 Nitrogen intake: {Eay 2.04 2.37 2.81 2,75 2,80 2,68
(Yeast «24 «24 « 24 .24 24 24
Total 7.12 7.4 7.89 7.83 7.88 T.63
Fitrogen excretedy- (Faeces 3.58 3.67 3.97 4.23 4.40 3,97
(Urine 1.0 1.98 2.11 1.74 1.76 1.83
Total 5.13 5.65 6.08 5.97 6.16
K - balance ' - 1.99 & 1.80 + 1.81 + 1.86 + 1,72 + 1.84
N - (apparently) digested 3.54 3.78 3.92 3.60 3.48 3.66
¢ N - (apparently) digested 49.7  50.7 49.7 46.0 44.2 48.1
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corresponding improvement in the digestibility of the
cellulose, as may be deduced from the average veluss for

the digestibility of the cellulcse presented in the last -
column of table 16, It is concluded therefore, that the
basal ration as fed in 1tself contsined sufficient nutrients
to support & bacterial flora and ereate conditions favourable
enought for 1t to effect a meximum dieintegrztion of the
cellulose presgent,

In view of the above considerstione, the second
factor that may possibly have governed the extent of the
breakdown of the cellulose in hay containing 3.0 per cent of
protein, is the degree of lignification of the plant tlasues.
This has bsen shown to influence cellulose digestion in the
rumen(Louw, 1942). 1In the experiments of Harris’ and
Mitchell supplementation with urea nitrogen did produce &

21 per cent increase in ocellulose digestion which was, as
previocusly stated in all probability due to & marked increase
in bacteria (74 per cent)., In the present investigation,
ueing & basal ration of veld hay containing 3.7 per cent of
protein the inorease in bacteria on supplementing the ration
with protein amounted to 30 per cent only, as compared to

74 per cent when the ration contained 0,85 per cent of
protein, The bacterial digestion of cellulose in an almost
nitrogen free ration is therefore incomplete owlng to the
small number of bacteria as compared to the degree of
digestion in the veld hay ration which contain 3,0 per cent
of protein and is capable of maintaining twice the number

of baoteria. Aoccordingly, one would expect a more complete
digestion of cellulose in the nitrogen low ration (emnloyed
by Harris and Mitchell) when sufficient nitrogen is supnlied
to stimulate sctive proliferation of the bacterial flora,

As chamiaallyApura cellulose is completely digested in the
rumen, this improved digestion would lead to almost complete

cellulose/..........
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cellulogse dieintegration if the plant tiesuses were not
subject to voriable dsgrees of lignificstion. VWith the
bacterizl flore sugmented to the extent of 74 per cent the
disintegration of cellulose would theretfore, continue until
1t reechicd the linmdteation inposed Uy the dcgree of lignifi-
eation, The indioations are, therefore, that the degree of
lignificetion mey influence the extent of cellulose digestion
in the rumen of sheep subsisting on mature veld hay.

in the stetistical enelysis of the results of the
céllulose digeetion, Lt hae alresdy been indiceted thet
mualize supplements exerted s depressing influence on the
digestibility of the cellulosée in the Lagel ration, More-
over, the extent of thie depression showed a direct
correlstion with the amount of meize fed, An analysis of
the meen velues given in the 1lsst column of table 14
revezls that the dry matter of the veld hay, which consti-
tuted praotically the whole of the cellulose in the supvle-
mented rations, was digested in a manner similar to the
celluloss 1a pariods i to 7. It decreased from 47.5 per cent
in period 1 to 33.1 per cent in period 7., Such & reduction
in digestivility 13 in agreemeant w#ith the findings of
several workera (o.7. Arwsby, 1917). ‘The eflfect is most
distinet wien pure digestible carbonydratés, such as cane
sugar and glucose, are edded, out manifests iteelr also
when larye amounts of feedingstulis rich in carbohydrates
are fed, Tnis is due o0 i(he fact that the complex cellulose
molecule is not as easily dligested as are sugars and
starches, <Consequentiy, the bsoterial digestion of cellulose
is particliy aivertea to that of the more resdily digestible
sarbohydrates, resulling in & depression of celluliose
digestion,

The datu reluting to the nitrogen metaboliem of
the shesp are presented in table 17, %he mean velues on

mloh/o..cvoco--
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the following brief discussion ie based are given in the
last column of the table.

In period 1 on the basal ration, the daily nitrogen
intake amounted to 2,48 grams, of which only 0.23 gram was
apparently digested. The sanimals were definitely not
receiving sufficient nitrogen for maintenance as was evidenced
by the pronounced negative balance of 1,03 grams nitrogen per
day. In period 2 the total dally nitrogen intake increased
to 5,87 grams due to the supplement of meat meal. The
nitrogen apparently digested increased. ten-fold, to 2,31
grams, but in spite of this the nitrogen balance remained
negative at 0,83 grams pér day. From period 2 to period 6
the dally nitrogen intake remained practically the same, yet
the dalily nitrogen belance changed from 0,93 in period 2 to
+ 0.95 in period 6, 1.e, from a relatively strong negative to
a relatively strong positive nitrogen bslance, The only‘
feasible explanation Hr these changes in the nitrogen
utilisation seems to be that an energy defilcliency existed in
&t least the ration of period 2, The 1norea§1ng supplements
of maize from period 3 onwards, gradually eliminated the
energy deficlency with the result that the avallable nitrogen
could more and more be utilised for the replenishment of the
nitrogen losses associsted with the basal metabolism of the
animals, |

Similar results were obtained by Smuts and Marais
(1940) supplementing basal rations of veld hay and wheat
straw with peanut mesl and dextrinised starch. The conclusion
drawn by these workers thet under practical conditions it
would be futile to rectify the existing protein deficiency
with a minimum quantity of protein, unless the energy require-
ments are simultaneously satisfied, is strongly supported by

the results of the present investigation.

CONCLUSIONS:/eeevrenanne
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CONCLIUSIONS,

The exneriments discussed above were designed to
throw 1ight on cellulose digestion primarily, but
necessitates a consideration of the influence of both energy
and nitrogen in so far as these three substences are
correlated in the process of ruminel digestion.

From a statistical analysis of the figures obtalned
it appears that the digestibility of the hay was not '
improved by nitrogen and starch supplementations even though
there was & significant increage in the number of ruminel
bacteria, The results have shown on the contrary, that the
digestibility of the cellulose decreased with increasing
smounte of starch in the diet, Furthermore, the animals
ocould not utilise the nitrogen in the diet low in starch
bescause of an energy defioclency. However, the utilisation of
the nitrogen improved proportionately to the incresase of
carbohydrates in the diet, It has, therefore, bsen shown
thaﬁ the amount of carbohydrate in the diet influences both
the percentage of cellulose digested as well as the amount
of nitrogen utilised by the animal., These experiments were
carried out on & basal ration contalning 3.0 per cent of
protein, Rations containing 0,85 per cent of protein, i.e,
practically on a nitrogen free level, (Protein = N x 6,25),
were used by Herris and kitohell in their study on cellmlose
digestion. They observed that the addition of nitrogen,
suffiolent for maintenance of the animals, to & ration con-
taining an adecuate amount of starch (energy) increased the
digestibility of cellulose significantly., Without the addi-
tion of nitrogen this increased cellulose digestion could
not be effected. On a dilet low in nitrogen cellulose is
therefore not digested to ite fullest extent., It would,
therefore, appear that an optimal level of nitrogen as well
as of carbohydrate is required for maximal digestion of

0011ulose/seeeeerene
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cellulose in the rumen, From the data obtained in these
experiments, 1t may be sccepted that the maximsl amount of
cellulose would be digested under normsl oconditions

if maintenance requirements of nitrogen are provided in the
diet of the anima]l and sufficient stareh or sugar is sinmul-
taneously incorporated so as to allow the animal to utilise
its nitrogen,

The percentage of cellulose digested in veriod 5
snounted to only 62,1 per ocent when the conditions created in
the rumen of the sheep must have corresponded very closely ta.
the required conditions for maximal digestion formulated
above, This lncomplete digestion of cellulose msy reasonably
be accepted to be due t0 the sdvanced degree of lignification
present in the mature veld hay used in these experiments,

The number of bacteria oresent in the rumen did
not influence the extent of cellulose disintegration in a
rat®on of mature veld hay with & 3.0 per cent »nrotein level,
It, however, increased the digestipility of cellwlose by 21
per cent when a ration containing only 0,85 per cent protein
and sufficlent starch was improved by supnlementing it with

ma&intenance requirements of urea nitrogen,

D A S > S D S S S - o o G it
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ITI, B {(4)., THE FOSSIPILITY OF CYSTINE SYNTHESIS IN YHE RUMEN

AND ITS RELATIONSHIP TO NITROGEN NuTABOLISM.

1, Literature,

2. Exnerimental.

3., Results and Discusgsion.

4, Summary and conclusions,

1., LITERATULNE:

Apart from the production of sterch and glycogen
by ruminal micro-organisms, the poaaible synthesig of amino-
80l1ds, and in particular that of oystine, was also considered.
Being an essential amino-acid for growth aind wool oroduction,
cystine has roceived a fair amount of gttention from
Tesearch workers,

In 1939 At was established by karals and Smuts
that for rats, lucerne is defirditely deficisut in the sulphur
oontaining amino-acids &nd that supplementation with either
cyatine or methionine enhances the biologloal utilisation
of lucerne nitrogen to & significant extent. When, however,
the effect of gcystine on the nitrogen utilisation of lucerne
in mature sheep was investigated (Smuts and Nerzie, 1938),
no veneficial effects could be established. 1t was concluded
tentatively tnererfore, that elther lucerne contained enough
cyetine or methionine for maintenance, or that cystine could
be synthesised by the ruminal flora or, finsily, that cystine
was not a necessery component for tissue regeneration in
shecp, This last assumption by Smuts end karals, however,
fells away, &€ 1t was recently shown Ly Burrcughs and
kitchell (1940) that cystine or methionine was indisyensable
for tissue regeneration in the rat, Jonsegquently, on
physiological principles one should &ccept thet this aminoc-
acid would also bLe indispensable for the sheep, The entire

problen/ceeceecens
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problem of cystine metabolism in sheep is therefore reduced
to & study of the quantitative cystine requiremente of these
animals and the prolabllity of cystine synthesis in the fore-
stomache, Both these aspects have received & fair aemount of
attention in the past. Neverthelees, it ig appsrent that the
pest disputes on coystine syntheeis and cystine requirements
of sheep were almost exclusively based on the surpossd gross
di fferences q6£ween the cystine content of the feed or
pasiure and that of the fleecs, To eéxpleln such & difference,
Rimiogton and Bekker (1932) suggested that cystine might be
synthesised by x symiiotic action of the intestinal flora.

Fraser snd Fracer-Roverts (1972) on the other hanad,
tried to account for the high oystine content of wool by
assuming that the wool folliocle possessed a anecisal mechanism
whereby oystine formation could be effected. Beth thece
theories are highly speculative and without ény gxperirental
#vidsnce to support them,

Althougn the work of Abdel-Salaar and Leong (1938)
and Guerrant, Dutchier and Brown {1837) on rats, McElvey end
Goss (1539) on sheep, and Wegner et al {1940) on cattle proved
thiat certain members of the vit&min.ﬁ complex could be synthe-
$ised by organisms in the colon of rats snd by the ruminal
microflora of shesep and ca&ttla, it does not follow that
¢cystine could be produced in the same wsnner,

In the absence of conclusive evidence, the most
&ocepteble view appears to bs that of Woodman and Tvans (1933)
and of Kellermann (1835), According to these authors there is
sufficient cystine in the pasture to &ccount for the cystine
content of the fleece and that the supposed differences
between the cystine gontent of pasture and vwool are %o be
ascribed to the anelytical methods employed., Furthermors,

it/..l...l...
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1t is ot the utmost imnortance, as Burroughs anj iitchell
(1.940) hawe pointed out, to besar in mind that the requirements
both fer cystine and for the other indlapensable amino-aclds
may vary with the chsracteristic functionsl activities of

the animal es wall as with different specles,

2, wXPERILENTAL.

Ia iv33, Smute ana darais studiedthe Dlological
value of lucerne and lucerae suvilewented iy cystine, in
sdult sheep. It was found ®that the negative e¢ffrct of
oystine la the asupplensataticn experinent =zaz possidbly due to
the level of protein fed, which provided sufficiunt cystine
for meintensance reguirements®, For this reazon a simiiar
type of experimeat was subsequently undsrisksn by the zuthor
on growing sheep, to study the sffect of cystine on the
aitrogen utiliecation of lucernz, Lorsover, by feediug
separste groups of rats on

(1) ruminsl ingesta,
(2) ruminel ingesta pluse oystine,
(3) incubeted lucerne,
(4) lucerns,
the biological valuée of these meterials vas Geterained,
Seaing that the blological velue ie & relisbls vescurs of the
quality and ocompletesness of tne emino-aciic or protein fed,
it was thug posslble to determiune whether
() oyetine was indispsnsuble,
{b) whetner it cuprlemented lucernc which is known to be
Geflolent in 1%, &and
{0) whether it is synihesised in the forestomsche of the
sheep,

In the experiment on sheep, 5 merino westhers were
used after the aninals had become accustomed %o thr metabolism
ocrates, After beilng fed a standard protein ratinn of lucerne

(Taklz/e.vennnee
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{(Table 1(C), Retion 20), they were reneatedly subjected to

g diet low in nitrogen (Table 1{C), Ration 22) for the
purpdse of Getsrminiug the metabolic faecal nitrogen. From
theze reszults an avergge valus was obtzined for the metabelio
fescal nltrogen of each animal, Thia wac utilised in the
caleulatisn of ths metabolic faecal nitrogsn during the
veriods when lugerns was fed, The endogenome nitrogen was
ealoulated from the equation P = ,74 W'734 (8muts, 1933),

It 2as arranped that a perind af sxcluaivo lucerne
fseding alternated =ith one dAuring whiash syeting was supple-
manted to the bagsic lugerns Asat (Pahle 1(M, Ration 21),
which was kent constant throuvghont, Fasch nf the threse
veriods during =hich faeces snd urine were collecte? lssted
for 10 deys =z2fter xhich renreaentative alinuots were taken
for totel nitrogen dsterminstion,

In the sscond experiment four groure of gix ats
each, with ah epproximste weight of 70 grems per snimel, were
olaced on the following diets: (a) lucerre, (b) incubeted
lucerne, (o) rumwen ingesta, ené (3) rumen ingeste nlus
oystine (T-ble 1(D))., As in the ccse of sheesp, each group
n? rete wee aubjented to periedes of lor nitrogen intske for
the estimetion of the matalolic fescesl nitrogen and zl<o
for the endogenous nitror~en, The —umen ingsste wez olbtained
from sheen 12 hours after they were fed lucerne from the asme
stock as thet on which the biolaglcel values were determined.,
The material was collected from the rumen aither throupgh a
vermanent rumen figtula or after alsughter of the zniwmel at
the stioulated time, The inesata wag Aried at £0%C, sfter
which 1t wes ground and mixed with the other ingreli-nts of
the rations, A quantity of lucerne from the =sane b tch as
that fed to the shesp vns wixed =«ith water ond incubated at

3700'/....""..
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27°¢ for 24 hours. It was then washed and dried in the same
manner a8 the rumsen ingests, This product wes referred to
#3 incnbated lucerne,
The percentzge composition of the rations le glven
in Tebles 1(C) snd (D).
3, RESULLT3 AND DISCUASION,

Conmplete results on the metabolism studlies of rats
gre precented in teble 18, At the 8 per cent nrotein level
ususlly fed to rate in the determination of biologicel
velues, thoe ration became unpalatable because the proportlion
of rumen ingeets thet had to he incornorated to obtsin the
desired level ét orotein, was fourd to be too high,
Consequently, the biologicsl wvalue wee determined at a
S Qer cent level in order to mesintsin paletebility.

As will be noted in table 18, the averasge
biologlcsl value of lvcerne was found to be 67 ner cent, its
appgrent and Ats trus digestibilities amount to 50 and 78
per cent respectively. Therse is only a& £light snd insigni-
fiecant veriztlon emongst the biologicsl vslues of the
individusl enimals which may be gttributed partly to the
fect thret the food intake of each animel wes kent constant
throughout the collection neriod.

In ¢ompsring the results obtzined between
{2) lucerne, (b) incubated lucerre, and () rumen ingesta,
1t will be noticed that no ststistical differsnce is obtzined
in the results between (a) and (b), whereas in the czse of
rumen ingeatn 8 much higher blological velus was shown,
although the apparent and the true digestililities ere lower
then either for lucerne or incubated luecerne., Thus the
biologieal walues are as follows: Lueerne, €7, incubated
lucerne, 64, snd ruminsl iugests, 82, The spnarent and true

digestibilities/.eu. ...,
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Tabus 38, swiaBoblos Vala by Cawt® W HHNLL ULULG A VasllE,

Rat Initail Final Average Daily JDaily Daily Body N in faeces. Fobd  ab- baily Boday N in VUrine . ¥Foou § HRetained Biolo- 4appa- True
No. Wgt. wgt. wgt. food ¥ in- X in per gu. per day. ¥ in sorbed X in per 100 per day in urine XN glcal rent digest,
intake take faeces food. faeces N urice gm.wgt., value digest,

E-low period for lucerne ¥ N = .47

1 88 80 B4 4,3 2,95 22.7
2 90 81 86 6.3 2.78 £0.0
3 8% 74 79 5.9 2,87 ¢ BB,b
4 8 17 81 5.1 2,95 24.2
4] 8b 78 80 5.9 2,84 26,8
6 93 86 920 5.4 2,88 20.1
Lucerne Period { N = 1.12 |
1. 83 81 82 6.0 67.2 35.0 2,95 17.7 17.3 49,9 32,9 22,7 18,6 14,3 3b.6 71 48 - 74
2 88 82 85 6.0 67.2 33.2 2,78 16.7 16.56 50.7 36.7 20.0 17.0 18.7 32.0 63 51 75
3 76 74 75 6.0 67.2 30,5 2,87 17.2 13,3 53.9 38,0 £8.D 2l1.4 1¢.8 37.3 69 55 80
4 80 76 78 6.0 67.2 34.b 2593 17.6 16.9 60.3 4.8 24,2 18,9 1E.9 34,4 68 49 75
<] 80 76 78 6.0 67.2 36,7 2.84 17.0C 19.7 47.5 38.6 6.8 20.9 18.7 31.8 67 45 71
6 91 87 89 6.0 67.2 33.1 2.88 17.3 16.8 9l.4 36,1 20.1 17.9 18.2 23.8 65 51 76
Average X4 B0 75
K-low period for rumen ingesta [ N = .47
7 84 74 81 6.3 3.10 £2,.8
8 97 89 93 b.8 2,76 156.7
9 84 74 79 5.0 : 3,01 27.4
10 98 92 95 6.3 2,56 18.4
11 99 90 96 6.9 2.08 23.3
18 87 78 83 6.3 £.83 23.0
Puminal ingesta period 7 N = 1.13
7 80 76 78 6.0 67.8 41.1 3,10 18.6 22,5 46,3 25.7 22.8 17.8 7.9 37.4 83 39 67
8 89 85 - 87 6.0 67.8 39.1 2.76 16.6 82,8 4H.2 24,3 16.7 13.7 10.6 o4.7 78 42 67
9 77 71 74 6.0 67.8 40.9 3.01 18.1 22.8 48,0 26,2 27 .4 20.3 5.9 vP.1 87 40 66
10 97 89 93 6.0.7,367.8 40,7 2,86 15.4 26.3 42,0 22,56 18.4 7.1 S.4 37.1 87 40 63
11 90 82 86 6.0 67.8 41.5 3.08 18.5 83.0 £4.8 29.96 23,5 20.0 9.6 3b.2 79 39 66

12 78 74 76 6.0 67.8 40,4 2.83 i7.0 2.4 44.4 2b.9 23.0 17.7 8.8 36.2 81 40 65
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TABLE 18 (contd.) METABOLISM DATA AND CAIGUIATICN OF BICLOGICAL VALUE.

Rat Tai¥ial Final Average Dally Daily vally Body ¥ in Faeces, Foodq  AD= Yally Body K In Urine Food K Retain- Biolo= Appa- WTrue
No-  wgt, wgt. wgt. food XN in- ¥ in per g per day ¥ in sorbed W in per 10C per day in ed K, giecal rent digest
intake take faeces food faeges N urine gm. wgt. urine value digest

N-low period for ruminal ingesta plus .24 oystine % W = 4.7

1id 113 96 106 6.9 2.98 2l.0
14 91 84 88 6.6 2481 2l.1
15 81 72 77 6.1 2,80 7.7
16 99 91 95 6.3 2.70 18.2
17 83 76 80 5.1 2,64 19.5
18 88 78 8d 5.6 2.97 23.2

Ruminal Ingesta plus 27 oystine period Y N = 1.03

13 103 95 99 6.0 61.8 38,2 2,89 17.3 20.9 40.9 22,5 21,0 20.8 1.7 39,1 96 38 66
14 86 82 84 6.0 61.8 36,7 2,81 16,9 19.8 42,0 21.8 21.2 17.7 4.1 37.9 90 41 68
15 79 73 76 6.0 61.8 38,6 .2,8b 17.1 21.5 40.3 21.0 27.7 2l.0 0.0 40.3 J100 38 38 65 65
16 98 92 95 6.0 61.8 38,9 2.70 16.2 82,7 3%.1 20.1 18.2 7.3 2.8 36,3 93 37 62
17 78 75 77 6.0 61.8 37.5 2.64 15.8 21.7 40.1 19,5 19.5 16,0 4.5 35.6 89 39 65
18 86 80 83 6.0 61.82 38,56 2,97 17.8 20.7 41.1 19.3 23,2 19.3 0.0 41.1 100 38 66
Average 95 39 o6
N-low pericd for predigested luceme,

7 83 79 81 6.5 2.59 25.57

8 87 81 84 6.3 2.96 19,55

9 82 74 78 48 2,96 21,561
10 81 74 78 8.7 2,72 22,89

11 88 78 83 6.4 2.91 24,52

12 84 76 80 5.8 2.82 24.10

67 predigested luserne period ¥ = 1,10%

7 79 76 78 0.0 66 3b.7 2.09 16.5 20.2 45.8 &5,7 25,57 20.0 15.7 20.1 66 46 69
8 82 77 80 6.0 66 24.3 2,96 i7.8 16.5 49.5 32,9 19,66 15.7 17.8 32,3 65 48 75
9 b 74 78 73 6.0 66 36.7 2,96 17.8 17.9 48,1 32,9 21,861 15.7 17.2 30.9 64 46 73
10 77 74 76 _ 6,0 66 33.9 2,72 16.3 17.6 48,4 35.0 22.89 17.4 17.6 30.8 64 49 73
11 79 75 77 6,0 66 33.9 2.91 17.5 l6.4 49,6 37.8 24,52 18,9 18.9 307 62 49 76
12 ™ 74 76 6.0 66 38,2 2.82 16.9 16,5 49,7 3b.7 24,10 18.2 17.5 32,2 65 50 75

Average 064 48 4]
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TABLE 19: THE EPFECT OF CYSTINE ADDITIOR OR THE BIBiGGICAL VALUE OF LUCERNEE IR YOUNG SHEYFP,

7. '
Animal Average Food Consumption Dry K. in- B. in Metabo- Absorbed K in  Endoge- Food im  Biolo- N.ba-  Apparent True digest
Neo. wgt. Tucerneé Starch matter take faeces  1lic N urine nous retained gical lance digesti- ibility
intake faeeal N value bility per cent.
N per cent
Kg. e en. . e, . & gn.  gm.  em. s g™
Lucerne Period.

56408 30 360 200 515 10.04 4.29 2,06 7.81 4.25 l.44 $.00 64 1.04 &7 78
56417 23 360 200 516 10,04 4.48 2,06 7.68 3.64 1.16 5.14 67 1.92 55 76
56436 23 360 200 515 10,04 4.40 2.06 7.70 3.49 1.16 5.37 70 2,15 bé 7
56386 23 360 200 515 10,04 4.19 2,06 7.91 4,17 1.16 4.90 62 1,38 58 79
56387 24 360 200 5156 10.04 4,52 2.06. 7.58 .84 1.22 4.96 85 1.58 56 75

Average ' 66 56 77

Luserne plus cystine (1 gram) period,

56408 30 360 200 515 10,04 3.20 2.06 8.90 3.58 1.44 6.75 76 3.26 68 89
56417 25 360 200 515 10.04¢ 3.25 2,06 8.85 3.03 1.26 7.08 80 3.76 68 88
56436 23 360 200 515 10,04 3.62 2.06 8.48 3.48 1.16 6.22 73 3.00 64 84
56386 23 360 200 515 - 10.04.. 3.08 2.06 9.082 3.47 1,15 6.71 74 3.49 70 90
56387 23 360 200 516 10,04 3,97 2.06 8.33 3.16 1.16 6.33 _76 3.11 63 83

Average 76 67 87

ILucerne p:riod,

56408 30 360 200 5156 10.04 3.13 2.06 8.37 4.39 1.44 6.02 68 1.52 68 89
56417 25 360 200 6515 10.04  3.58 2,06 8.52 5.95 1.26 5.83 68 2.61 65 85
56436 23 360 200 515 10,04 3.70 2.06 8.40 3.80C 1.16 b.76 69 2,54 63 84
56386 23 360 200 515 10.04 4.21 2.06 7.69 4,20 1.16 4.85 61 1.63 58 79
56387 23 360 200 8l 10.04 4.22 2.06 7.88 .81 1.16 5,83 _68 2,11 58 79

Average 66 62 83
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digestibilities respectively, taken in the same order, are

50 and 75, 48 and 73, and 40 and 66 per cent, On the basie

of these flpures, the higher blologicel velue of rumen

ingsesta fed &t the same level of nitrogen as lucerne, indi-
aates an imnrovaeaxent in tne quality of the vproteine contained
in tne ruminel ingeata., Thie msy be internreted e&s belng
elther due to the apecific synthesis of cystine in the rumen
cr to the formetion by the suminal organisas Of nsw proteins
with & higner biologlesl vslue, The cuection of paramount
iﬁpornance is wketner tue microflora cesn gynthesise its own
tissue protein from lucerne which 1g known to be defleisnt
in cystine? Two possiblilities suggest trewselves!

(1) ¥he cystine content of lucerne forrme £ 1imiting factor
&s fer ae the utilisation by these orgenisms, of other
amino-~-&cids is congerned, l.e. unlese edenuate sunnlies
of cystine are avallaole, at lesst e portion of the
other amino-scids will tend Yo psase throuch from the
rumen whassinilated by the mlcerofloere,

(2) The mic.oflors in the rumen if cepcble of syntheeising
edditionsl cystine so &8 to suviement the natursl
deficlency of thig amino-acld in luecerne. This in turn
allows for an inoreascd azssimiletion also of the other
am}no-aclds in lucerne, and s¢ raises the biologloal
value of the srotlsins 1n the rumen ingsete,

In the luticr cssc one world expect & complete
proteln mixture in the yumen or st leeet one wvhose blologloel
vslue is eguivelent to lucerue zupovlemented by cyatine, that
is, & vslue of 90 per vent, Ihir, however, is not the oasé
since a blologicsl value of only 82 wzs obteinsd for ruminal
iugesta. Heverthclegs, this 1s higher then thzt obtained
for lucerae alone, whioh has & biologlcal value of &7,

Horeover/, viiverees
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Woreover, this value of 67 is further enhanced by the
supplemontation of 0.2 per cent cystine 1o lucerne, thereby
ineressing its biologicel value to 95 (adarais, 1940).
According to the resultis obtained, the digestive processss
in the rumen as such ere, therefore, responsible for
inoressing the bilological value of lucerns from 67 to 82,
Seeing thet the supplementation of cystine to the rumen
ingesta further increases 1its bioclogical value to 95, this
affords evidence not so much of the sveecific synthaesis of
cystine iteelf as postulated in the second slternate, but
rather of the formation of additional bacterial protein
through which the biologicel value of the rumen ingesta
becomes elevated, If cystine synthesis nad taken nlace one
would have eéxpected the rumen ingesta to have a biologicsal
velue at least equal to that of ilucerne 4 oystine, i.e, 95,
Consequsntly, it must pe deduced that the first supnosition
represents the more corrsct view concerning the r8le of
ruminal bacteris in relation to cystine metabolism in sheen
kept on = lueerne diet,

On the bagis of the reasults obtsined on the rat,
the experiments on sheep are more readily explained, AhAs
previously shown, the supplementation of cystine to & diet
of lucerne waes without any effect when fed to adult sheep,

iz 18 explained by the fact that lucerne containe sufficient
eystine to satisfy thet portion of the maintenance require-
ment which demands & complete assortment of indlspensible
amino-gcids, The role of the mioroflora in this respeoct 1ia
probably purely symblotic, by utilising the lucerne nitrogen
in the synthesis of bacterievl protein which in turn is
rendered avallable to the host animel. Eurroughs and Mitchell
have shown thet the maintenance requirement of indispensible
amino-acids are indeed small, beinz ocorreleted with the

species/..........
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species of animal ee well as to the functionsl sé€tivity of
the individual, It cen easily be appreciated, therefore,
that desplte its defiolency in cystine, lucerne nsvertheless
can sati=fy the walntenance fﬁquirements o? adult sheen, On
the other haad, when growth is superimposed on maintenance,
the cystine recuirements are increased tc such an extent that
lucerns by itself can no longer satisfy thess demands, Hence,
the addition of cystine to lucerne increases ite vlological
value by as much as 10 per cent when fed to growing sheep
(Table 19), Consequently, from the experiments conducted
both on rats and sheep, there is no conclusive svidence of
sveciflic oystine syntheeis in the forestomachs of shsep, On
the other hand, there are definite indioations, that orude
plant proteins, including othar nitrogenous substiances as
shown in the work on urea, are tranaformed by these ruminal
organisms into proteins whieh are more readily digested and
assimilated by the host and which consequently ere of a
higher blological value,

4, SubhibY ARD CCOHCLUSIONE,

1, Hetabolism expsriments in which rumen ingestsa collect-
ed from sheep kept on a diet of lucsrne hay only, was
subsequently fed to walte rats, showed that the bliological
value of this material was definitely higher (by 15 per cent)
than that of untreated lucerne similarly fed to white rats,
Moreover, the addition of cystine %o rumen ingesta caused
further enhanoement of its blological valus to the extent of
13 per cent,

2, In the case of growing sheep, the supplementation of
lucerne by oystine incressed its blologlical velue by 10 per
cent, whereas in adult animala, Smuts and Mareis, in their

resesrches, failed to produce any such improvement,

Rrom/.eeveen. .,
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From the evidenoe at present available, it is
reasonable to conclude therefore, that as far as protein
me tabolism is concerned, the role of the ruminel microflore
appears to be primerily that of assimilation of proteins and
other nitrogenous ocompounds which are built up into the
protoplasm of these organisms, With the onward nassage of
the ingests from the forestomachs, large numbers of these
micro-organisms,anounting to as many as 1900 million »Her
cubic centimetre on & dlet of lucerns, are similarly swept
to the more distal parts of the digestive tract where they
dre expoaed to the action of notent proteolytic enzymes,
thus rendering thelr breakdown products avalleble for

assimilation by the host.
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IX11, B. (5) THE UTILISATION OF UREA BY RUMINAL MICROJ}ORGANISMS,

1. Literature.

2, Conversion of ures inte srotein by bacterie.

{L) Experimental.
{11) Results of the inovbetion of rumen ingesta with
zlucoege and ures,
(111) Liecusrion and Conclusions,

3. The utilieation cf ures by mature sheep.

(1) Experimental,
(11) Resulte of the supnlementaticn of nitrogen low
rations with ures, |

{411) Discussion and Conciusions.

1. LITERATURE.

In apite’of sxperimentas dating beck to 1895, the
value of non-proteinenitrogsn in feeds has not yet been
setlsfactorily asseseed. In Garmsny, where proteins have
been scarce for meny yeesrs, nutvitioniests wers compelled to
seerch for proteln subetitutes erd oonsequently, much
ettention wss psld to the possible substitvtion of animel or
plsnt proteins by synthetic products like urea, sammonium
scetete, ammonium blcarbonete, plycine, asparagine,
succinamide end other eimiler substences. The synthetic
production of urea by artificisl fixetion of atmospherie
nitrogen has already been oerried out in Cermsny and America
on a commercial scale at a very low cost 0f nroduction, Its
use &s 8 vartisl protein substitute wes found both
economicsl gnd physiologicsl by the German Porechunpgs Dienst
{1827), 2nd 1t was, therefore, incormorated ib ruminant
feeds in the form of 'smide-ciloske'! and 'smide-molasses' etoc.

Dwing to wer conditiosns, »roteins became limited

for,/........-.
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for animsel fésdu in OGreat Briteiu, so that sctlive stepe had
to b2 taken in order to ensure adsguate supplies of proteins
or of protein-substitutes (Benesch, 1941). Accordingly,
extensive and well pianned experiments wers initiated both
at the Hannsh Dairy Research Institute, Ayr, by Owen, Smith
and others, and in Amerioca by Harris and iitohelil, %o
deternmine the value of ures as s protein substitute, In a
preliminary renort published in 13941, Owsn et al found urea
to be of *unguestionavle value &3 a partial substitute for
protein in the feeding of dairy cattle®.

The investigatlons carried out co far were all
prestical feedling experiments, deslgned primarily to ascertsin
the result of this ‘amide' substitution on:

(a) 11k production in dairy ocattle and goats.
(b) deat production in heiters,’bullocks, stc.
(o) Hoat and wool production in shsep,

(d) Humans s&nd pouliry.

() §HE _SPFFETE OF 'ANIDE! SEEDING ON MILK PRODUGTION.

Xrebe (1937) mrezented an exhaustive review of
Germen litersturs, on the sublect up to 1037, FHe gquoted mony
recent exneriments, e,gz. Schmidt et al) (1937), Carstens znd
Mehner (1937), ¥Nehring (1237%7) all being from the German
Forzchunpgs Dienst, in whioch subminimel rationing of nitrogen
w22 u22d and in vhich milk yislA wee stimulate” by ths feeding
of urse, Wiile comitting that the faedinge of such comnounds
a3 ures #nd glyaoecll had some effect in sugmenting the
protein velus of the Adlet, Yrabs wes reluctant to accept sany
econsldsreble nrotein syrtherie, or that the Decteriel protein
producsd wee of cry enrrecisble velue to the rnimsl, |

Schmidt et al (1937) investigated the svsilability
of ures for the production of milk, In nlsnning their work

they /e eennenens
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they assumed a 50 per ocent utilisation of urea by the cow.
Only cne nornzlly fed, and five urea-fed animals were used,
4 14 day nontrol perind, Auring thish «ll thr eninale were
fedﬁalike, woe followed Ty & 76 dsy exrerinentel veriod,

During this tire the milk yiclA of fhe normslly fed snimal

8]

fell from 25,9 to 19,1, i.e, by 7.9 Tg., ead thct o? the
experimentsl snimele fvom 26,7 5 17.8, l.e, by 2.1 &g. The
averege ylelds iv the course >f the exgerimenitsl psriods
were 22,5 and 22,1 Kg. per aniwel per day raswectively. The
experimental group loet 4 Xg. in Lody weight ner aniwal in
the exnerimentel =wevriod, while the normelly fed zanimel
geined S5 fp, At the end of this experivent a2 ,roun of animals
on e nitrogen deficlent Jdiet wee elgo included in 2rler to
show that the conrtrol animsl hed not been overfed, The milk
Yielde of thease decreeged from 16,4 to 14,4 We, in 10 Jdays.

S8imdilarly, experiuents were planued by Ehrenberg
et al (19328) on four groups of eigkt cowe. ‘Thece confirmed
previoug Cermen work z¢ to the protein-gpering effegt of
urea. Ehrenberg cnd his colleaguee.claimed that glroine =leo
had a eparling effect,

Nehring (1939) in further experimente, came to the
garne conclusion a8 Ehrenberg et al, viz, thet there was a
limit to the extent to which the protein c¢f the production
ration could ve repleced by urea, Hehring found & beneficial
¢ffect when ures vwae given In gufficlient quentity to replace
toe protein o the production retion for £ Keg, milk, bug a
deilterious effevt when urea was given for 10 Re, milk, In
theee experimente in wvhich elrhteen cove ware vsed, the
protein eguivalent of the vree wes calculsted on the basis
of a 50& utilisation,

Feeulte of exveriments of Fichter and Herlkest (1938)

gupport/,.........
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suppert the claim of Ehrenberg et al, that glycine has a
protein-sparing effeet.' Richter and Herbst used four groups
each of sight cows. One group was deprived of part of the
production ration, & seecond was normsally fed, a third had
50L of its production ration replaced by urea, and in the
fourth group 50% of the prodﬁctlon ration was repleaced by
glyeine. The use of supplements resultedin & fz1l in mllk
yield which wss less svident with glycine than with ures,

Eventuslly experiments were conducted on & large
gscale by the German Forschungs Dienst, sccording to a common
experimentel plan, in whioh the protein demand for sbout two
gallons of milk was covered by ‘amides'. 1In gener&l; the
tamides' were found to poseess half the efficiency of protein,
Therefors, a complementary value (Wertigkeit) of EC was
allotted to ures nitrogen. fThese results led finelly to the
commercial manufacture of the amide-oil-cake by the German
1.G.

The most reaént work in this respact is Ulelng
oarried out at the Hannsh Dalry Research Institute, Ayr, by
Owen, 8mith and Wright (1941) who in a preliminary report
published the following findings!

(1) Urea which was first rapidly converted into smmonium
saltas in the rumen, nroved to be of ungquestionable
value as a partial substitute for protein in the feeding
of dairy cattle, provided that 1t was fed in proper
amounts snd in a suitable mixture, It was readily eaten
by the snimals and wes witnout lll-effects either on
the general heslth or in the yileld and quality of their
milk,

(2) In the course of in-vitroe incubstion of rumen contents
inwhich the general oonditions of the medium and the

mierobielogical/.........
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microbiological picturs (so far as could be jJudged)

were gimlilar to those in the inteot rumen, the
converasloi of non-proteln-nitrogen to protein was
clesrly demonsirsble, Thie conversion, though small,
wee sufficient to amccount for the effective utilisation
of much more uree then rould normally be included in the

diet of the lactating cow.

(v) gattle: The effect of ‘amide} feeding on

mesat nroduction,

At the end of hik exhaustive review, Krebs summed
up by stating that evidence had not been nroduced of any
increzse of flesh ss a result of uree feeding, and that,
until such an increase hed been demonstrated, it could not
be said that there was zny substitutisn of vrotein by ures,
However, exneriments published since the review of Krebe
have sunplied eonvineing evidence thst urea and ammonium
salts may, to a considersble extent, essume the role of
protein in the ruminant., Hart et al (1939) have subjeoted
urea and ammonium bilcarbonate to a very stringent test oy
eomparing them with casein, 1In & prelininary experiment
four male calvaes were used, The basgal ration contrined only
6% protein, This wasm suplemented in the caae af the
oinerimencal calves with uvraa, ammonium biearbonate ar
ocasein in sufficient quantities to raise the crude protein
content to 18k, The control animsl shoved an increase in
welght of 120 1b, in 23 we2ks, Auring which period the
ammonium bicarbonate, urea and caseln-fed animzle showed
incresses of 170, 220 and 310 1b., respectively, On anclyeis
the moisture, fst sni protein contents of the tissues of the
different grouns were very sioiler. The exnariment was
repeated with six heifer cslves on somewhat airilar rations.

Comarable/........
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Comparsble rates of growth were observed in all the animals
emoept the one receiving a basal ration. After 12 weeks its
weight remained constant at 280 1b. while the apvetite was
poor, A supplement of 1,4 1b, urea per 100 1b., of food was
then added to i1ts ration. The appetite imnroved and growth
continued for © months at the rate of 1 lb., per day, which
was but slightly less than that for the ocasein-fed calf
(1.2 1b. per day). The animals showed regularly recurring
oestrus, Samples of rumen content were collected at post
mortem for pH determination, Thie showed no significant
difference, Bacterial cultures from the same samples also
revealed no essential qualitative or quantitative
differences,

Fingerling (1937), Bartlett and Cotton (1938),
Murray and Romyn (1939) and Work and Henke (1939) have all
reported favourably on amides as promoters of growth in

oattle,

(c) Sheep: The effect of 'amide' feeding on meat

and wool production.

Nehring and Schremm (1937) using growing lambs
replaced one-third of the total nitrogen by urea; glyocine and
ammonium acetate respectively, Whilet the nitrogen-balances
a;e negative in the basal and low protein periods, they
became positive in the 'amide' periods resching a maximum with
smmonium acetate, Up to 200 grams of urea was fed daily
to the experimental sheep, without any 11l effects.

Very similar results were obtained by Mangold and
Stotz (1937) who experimented with linseed oake plus urea,
and with potato flakes plus urea. The amount of urea present
in both ovreparations was about 15 per cent,

Liliencron (1938) feeding glyocine to lambs for 150

A8ys /v iinnnns
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days, obtained very satisfactory results,

Kirseh and Szuer (1938) studying the effect of

different 'amides! on growing sh%?p, with 20-30 per cent of

the nitrogen wes repleced, found 'no differences between the

normal and ures& grouns with regard to live-weight and wool

production,

Harris and Mitchell (1941) planned a series of

exnerimente

(1)

{e)

(3)

(2)

{3)

(4)

to determine mhether the rate of conversion of urea

wase sufficient to covePf the maintenance requirements

of sheep, |

to messure the efficlency of conversion by comparing

1ts biological value with that of casein,

to determine the extent to which urea nitrogen could

be used in satisfying the growth requirements of sheep,
They concluded that

Sheep may be mzintoined in body and nitrogen equili-

brium for well over 100 days on rations containing urea

and minimal amounts of protein, whers the lattsr

provides only one~tenth of the amount of nitrogen needed

for equilibrium,

Bitrogen equilibrium may be maintained on 202 mgm, of

urea nitrogen and 161 mgm, of casein nitrogen per

Kg. of body weight daily.

At nitrogen 2quilibrium the biological value of urea

nitrogen is 62, and of cassin nitrogen 79,

The addition of ures to a low-nitrogen ration shich in

1tself 1s unable to support aporeciable growth in lembs

or even to maintain corsistant nitrogen Cquilibrium,

converts it into a ration capable of promoting & normal

or nearly noxmal rate of growth., Euch a retion nesed

contein/..........
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contain no more then 11% of conventionsl protelin
(N x 6,25), in which urea provides 50% of nitrogen.

(6) Rations used in the experiment and containing up to
3,18% urea on the dry basis do not exert any notable
toxic e¢ffects on lambs over a feeding period of 110 days,
8ome renal hypertrophy resulted in lambs on the higher

urea levels,

(d) The effect of 'smide! feedinz to rats and

chigkens,.
Utitilisation of urea in rats (Krigs and Marcy, 1930)
and chickens (Bice and Dean, 1942) could not be demonstrated,

THE INCLUFENCE OF MICRO-ORGANISMKS ON THE UTILISATION

OF 'AMIDES!,

As far back as 1843 Delafond exoressed the view that
infusoria might have a special nutritional significance, Later,
Pasteur and A Mayer (1907) succeeded in producing micro-organic
protein fror ammonia, using ysast moulds, These results vere
confirmed by k., Mueller (190¢) with asparagine and ammonium
hydrogen tartrate, by showing that rumen bacteria prefer these
substences to provein for ansbolic processes, thereby producing
considerable quantities of orotein. Zuntz (1913, 1917) assumed
that 'smides'! could be used by the ruminant as a regult of
weagimilation of the ‘'amides! by ruminal bascterisa which were in
turn digeated in the truly enzymatic digestive tract. (Zuntz's
bacteris aypothesis),

In 1v20, Voelts, on the basis of extensive expari-
ments, conoluded that urea could be utilised ss protein by
tae ruainant, He alao assumed that ures was first built up
into baoterial protein in the digestive tvact and that 80-90
percent of tnis was afterwards absorbed from the intestines,

Klein et a1 {1936, 1937, 19238) conocluded on the
basis of the results of their metabolism experiments, that

IN/ee.ivinens
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in certain protein deficient rations, protein could be
synthesised in the rumen from the nitrogenous fractions of
'molasses—-amides’, _

Lenkeit and Becker (1938) studied the fate of urea
in 'amide~flakes' in the rumen. They carried out experiments
in vivo and in vitro, In the former the decomposition of
urea into ammonia was instantaneous, but in the latter,
working with ruminal juice, it could be followed analytically.
There was & progressive decrease of urea nitrogen and increase
of emmonia nitrogen, leading to the complete decomnosition
of urea after twenty four hours; 10 to 20 per ocent of the
originzl urea, however, did not appear in the form of
ammonia, The fixation of ammonia nitrogen in the mioro-
organisms themselves would probably explain this,

Hart et al (1938) showed experimentally that urea
and ammonlum ocarbonate nitrogen could be utilised for at
least a part of the supply of protein nitrogen required by
growing calves, They concluded that the protein were pro-
duced by bacteria while multiplying in the rumen and that
subsequent digestion of the bacteria in the fourth stomeach
and intestine made the proteins available to the host.

Harries and Mitchell (1941) found the averags true
digestiblility of oasein nitrogen to be 86,9% and that of
urea nitrogen 88,8%, Urea is a readily soluble compound and
its nitrogen should have been digested very nsarly 100 per cent
Harris and Mitchell concluded that the portion 0f urea
nitrogen that could not be accounted for was probably
oonverted into bacterial protein in sccordance with the
hypothesies that urea nitrogen is chenged intoc bacterial
nitrogen in the paunch.

From the literature consulted there are strong
indications that the ruminal bacteria are responsible for the

synthesie/.........
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synthesis of protein from non-protein-nitrogen, EHowever, the
orucisl point as to whether there is an actual increase in
the ruminel huctevris end hence in bacterial protein during
lamide' faseding, has not bsen directly investigatsd.
Similerly, ths bicokemicsl reactions invelved in the rumen
during thie conversion of nen-protein-ritrogen intc trus
protein still remains to be sxplalned,

Experinents were sccordingly planned to throw
light on:
(1) the mechanism of the conversion of ures into protein

in the rumsn, and

(2) tue utilisation of ursa by mature snaep,

2. THE MECHANISM OF THE CONVERSION OF UREA INTO
BACTERIAL PROTEIN.

Bunge (1937) proved Ly mesna of fiitratoez of rumen
Angesta that an enzyse "ursask" was present in the ruminal
Julce., The mede of sction of this enzyme was, however,
obscure until lLenkeit and Becxsr {(1938) showsd that it acted
by hydrolysiag urea to COp and Nﬂa.

NH, urease
cé\ = pHp0 ———00p+ HpO + 2 NI,
Ridp

In an attempt to elucidate the conditions undar
which thuse rozctions can take place and the mechanisn
whers ures i8 utilised ih the production of micio-organis
nitrogen, the following experimonts, both in vitrg ad in
Yivo were carried cut in order $o obtain guantitative data.

{1) Experimentsl.

Experimonts may be osnduoted ia vitro with ruminal
,Angesta without departing significantly from thé normal
course of fermentation in the ruwnen provided the period
during which observations are made does not excced three to

four hours, After thie peried of time the absense of saliva,
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which 18 continuelly being swallowed and added to the ruminal
contents by the animal, alters the normal course of fermenta-
tion due to & change in the hydrogen-ion conscentration,
Furthermore, even if the hydrogen-ion concentration is
controlled by chemical substances, e.g. ohalk, putrefastion
sets in &8 a result of the accumulation of metabolic products
and dead mioreo-organisme which are usually diluted in the
rumen by saliva and also continuaslly passed out of the rumen,
together with food particles and ruminal Jjuice to the lower
compartments of the digestive tract.

For the purposes of this experiment rumen ingesta
was Ainocubated at 39°c in a thermostatiocally controlled water
bath. The waterbath again.was kept in continuous gentle
to-and-fro movament throughout the period of incubstion by
means of & mechanioal shaker, The rumen ingests was with-
drawn from the rumen of sheep with permanent artifiocial
fistulae immediately before the commencement of the experi-
ment in the morning, These sheep were fed 600 greams veld
hay, plus bone ash, salt and yeast, daily.

In each of four 250 oce conical flasks 100 cc, of
fresh ruminal ingesta was placed, . Flask 1 was kept as
oontrol. To flask £ ,166 grams of urea was added. A similar
quantity of urea plus one gram of glucooe was 8daed to
flask 3. The fourth received one gram of glucose only,

Small samples were withdrawn from the control material for
hydrogen-ion concentration determination.and bacterisl
counts, All four flssks were then incubated in the water-
bath at 39°C, Further sampling was done at half-hourly
intervals for pH determination, and after one and three
hours for bacterisl counte,

H-ion concentration values were obtained with
Beckman's (lass Electrode pH meter.

The/eeeinveeee
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The experiment was repeated on different sheep
with varying amounts of urea, but with essentislly the
same results,

The results of typilcal reactions encountered in
experiments where the minimal and maximal quantities of
urea were used are presented in table No, 20 and will be

discussed below,

(11) RESULTS OF THE IBCUBATION OF RUMEN INGESTA WITH GLUCOSE

AND UREA,

(1) Effects on hydrogen-ion concentration.

The effects of incubation on the pH of the rumen
ingesta are revealed ss follows:-

(a) Control sample : The pH remained fairly constant, with

& definite tendency to acidity towards the third hour
of incubation,

(b) Rumen ingesta + urea: The pH lnoreased on the average

from an initial value of 6,94 to 7.83, 1.e., by .89, and
shifted therefore from the acid to the alkaline side
of neutrality., The ingesta acquired a musty odour and

turned dark brown.

(¢) Rumen ingesta + urea + glucoses The pH compares very
woell with that of the control. The fluctuations are
between narrow limits, e.g. pH 7.02 to 6.55 at the end
of the period of incubation, It therefore also has s
definite tendency towards acidity.

(d) Rumen ingests + glucose: The pH falls well below

neutrality, viz, from 7.02 to 5.7, In one trial in
which .33 gram uresa was used, the pH of the mixture
rose from 6.7 to 8,45, 1.e. by 1.75. A slight
ammonliscal odour was percelved. In the flask contain-
ing glucose as well as urea, the usual slightly sour
odour a# well as active fermentation was present,

2o/oo.o-n.ooo
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TABLE 20: EFVECT OF UREA AND GLUCOSE OR BAGTERIEL POPULATICON AND pH OF RUMIN INGESTA IR VITRO.

Trial Time Bact, aount Control Rumen Ingesta Rumen ingesta Rumen ingesta  Diet
and pH. « Urea. 4+ Urea + + Glucose, REMARY S,
Glucose,
1 0 hours. Bact, 1000 x 10° 1000 1000 1000 Veld hay .166 gm.urea
pH 7.08 7.02 7.02 7.02 100 eoc R.inpstn
Sheep 8
# hour Bect 7.18 7.50 7.08 6.4
pH
1 hour Baot. 1044 x 10° 1033 1240 1167
PH 7.18 7.78 7.10 6.18
1% hours Bact,
pH 6.82 7.90 6.88 6.15
2 hours Bact. ‘
PH 6.92 7.90 6.80 6,02
d hours Bact, 1089 x 106 1189 14353 1188
PH 6.82 7.80 6.6b 5,70
2 0 hours Bact. 1133 1133 1133 1133 Vveld hay .166 gm.uresa
PR 6.80 6.80 6.80 6.80 to 100 c.c.
R. ingesta,
Sheep 8 § hour Bact.
PH 6,88 7.90 6.9C 6.10
1 hour Bact. 12834 1433 1667 1378
3:1
14 hours Buct. .
PH 6.80 7.88 6.90 5.98
£ hours Bact.
pB 6.68 7.85 6.50 5.58b
3 hours. Baat, 1348 1490 1778 1422
PH 6.28 7.60 6,22 b.20
a3 0 hours Bact. 1.67 1167 1167 1167 Veld hay .166 gm. urea
PH 7.02 7.02 7.08 7.02 to 100 ceo.
Shesp 8 , r. ingesta,
£ hour Baot,
pH €.80 7.70 6.76 6.20
1 hour Pect, 1211 1389 1678 1411
pH 6.80 7.70 6.68 .98
14 hours. Bact.
pH 6.62 T .40 5.70 £.70
Exhours Bact.
pH 6.42 7.42 6.32 5.02
3 hours Bact, 1288 1442 1778 1409
4 o Hours Bact, 1189 1189 1189 1189 veld hay 435 gm. urea to
pH o.7 6.7 6.7 6.7 100 ec. rumen
Sheep 8 ingesta, .
'k hour Bagt,
pH 6.7 7.08 6.8%2 6.5
1 hour Bact. 183¢ 1456 1756 1478
PH 6.52 7 .46 7.20 £.92
1% hours Bact.
' pH 6.52 8.0b 7.18 .78
2 hours Bact.
pE , 6.38 8.30 6.956 8.52
3 hours Ract, 1300 1511 1300 1644
pH 6,22 8.45 _ 6.70 65,22
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(2) The effects on bacterisl counts.

{a) Control: Bacterial populations increased on the
everage by 10 per cent throughout the period of incu-
bation. HNo active fermentation was seen.}

(b) Dumen ingesta + urea: The inerease in bacterial popu-

lation wes 24 per cent, No fermentation was notice-

able,

(c) Rumen ingesta + ures + glucosedy The bacteris increased

by 50 per cent, Very sctive fermentation took place,
Large amounte of gas were libereted.

(d) Bumen ingests + glucose: A bacterisl incresse of 23

per ocant wns produced, Fermentation was very active
with svolution of much gas, The ingesta hed a sour
odour after fermentation,

Ia the trisl in which .33 grem ures wee used, the
bacterial vopulation of the rumen ingeste-uree mizture
increased by 27 per cent ue against 24 per cent or the
lesser amount of ures, The materisl containing glucose as
well, fermeunted sctively; 1ts bucterie increased by 60 per
cent, ss agelnst EQ psr cent on ,166 grems of ures andé 27

per cent when glucose wae not added.

(111) DISCUSSION AND CONCLUSIONS.

Prom the experimentel resulte it anpeare that:

(1) The pH of the rumen ingesta conteining ures definitely
begame alkslinz, but not to a degree which ig considered
detrimental to ruminal bacteria, A pH 7.2 is frequently
encounterad in normal ruminal ingestea fermenting
actively, (Unpublished data, 8.J. Myburgh, Onderstepoort
Leboratory).

(2) fThere wa# no perceptible fermentation in the ingesta-
ures mixture throughout the period of incubation, and

the/..----OQOQ
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the ingesta developed an unusual dark brown colour as
well a3 & musty odsur., The indication is that some
festor othsr than pH hca inhitited the novmal progress
of fermentstion and elgo partially thst of hseterial
multiplication, The bacteria increases hy 24 rner cent
only compareé to 50 per cent in other inetancas,

(3} In the omse 9f runen ingeste + ursea + pluccza the pH
of the msdium seemy to have Leen asentrolisd and kent
within & raenge of hydrogen-isn concentraetlon vhich was
favourabls for zotlve fsrmantation andl txetarial
prolifecetion, Withia 2 hours tha baaterlisl flora was
inereased by 52 per osnt aomared %o 24 per coant in the
cage Oof rumen ingesta + uresa only, It eaems, therafore,
ag 1f no inhibitory subztences wers formed, zr, if they
wers formed, they wers elther removed or nsutralized,

(4) The ingests sontainirg zlucose 3rly, fz=esnt2d actively,
but hera £1s2 the bactarla merily inarseaed by 23 per
eant, Aftsr 2 hours the -H at €.5 could not have %een
injurious to bacterisl multinlicstion. A noesaiXls
inhibltovy facter which could be considered of signifi-
cant 1nfluence 1is & defisiecney of nitrogen., Similsrly,
in the sasz where ursa cnly ves sdds=d %5 the »umen
ingestn, whish could not have contalaed much altrogen
nor aolubla carvohydretz at the <imzz at wnlch 1t was
withdrawn from the rumba, a deficisncy of roa-ily
aoluble gartohydrate ia indlosted, The meiun 9 which
bath ur2a and glugoee wee added, fermented vesy well
end also produced a 50 per ocent baoterigl wmultiplication,
It secns, therefore, that if both nltrogsn andl glucose
are aresent in runinel julce, favourable condltions
are created for farmentation and bacterial division,

vhersas/, oo ien..
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vhereas 1f one or the other is absent or becones
deficient, the fermentative and proliferative wnroocesses
are hamepered ot a stage vhen either the nifrogen or
energy supply becomes denleted. For the maximsl
utilisation of urea nitrogen by runminel bncoteriz it is
necessary therefore, that a sufficient amount of readily
soluble carbohydrate bLe present in the runinal fluid,
Urea, on hydrolysis in the rumen by the urease present
there, glves rise to CO, and NH,. The 002 thus forwed
is insufficient to bind the NRS to form s2mmoniuwm
carbonate, Calculated from their wolecular weighte,
approximately ,01 grem CO, must be derived from the
rumen ingesta to bind the HHs get free,  IT it As
considered that a large amount of CO, formed in the
rumen is lost either by eructation or sbsorntion from
the rumen or hy dissolving into the ruminal fluld, and
that NH3 may similarly bas absorbed or disaolved into
the fluid, it becomes so much more necessary to have
an excess of GO, so as to bind as much of the NHS as
possible and nrevent its absorhtion Anto the ociroculatory
system as éparhrul agent,

It 1s possible to obtain .25 gram CO, from 1 gram
of gluceoss so that the addition of 1 gram glucose to
rumen ingesta to which ,16€6 gram of ursa had been added
would ensure an excess of CO,. Under these conditions
ammonium bicsrbonate (NH,HCOz) which 2cts as a buffer
is conceivably formed, This assiats the salive in the
control of the hydrogen-ion conocentrstion of the rumen
ingesta and favourably influences the proliferation of
the flors as well as the fermentative proossses
ocourring in the rumen,

In oonclusion it may therefore be said that
urea admixed with ruminal ingeata acts in a twofold

'&y/........-o
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way:

Firetly, by supplying the micro-organisms with a
form of nitrogen wnich can be transformed by them into
bsoterial protein, ‘Ihis protein is utilisable by the
ruminant to the extent of 90 per cent sccording %o Voelt:s
(1920),

Beoondly, urea, when hydrolysed into NH; and 602,
probably contributes to the production of ammonium carbonate
and ammonium blearbonate in the preaence of a suffiocient
amount of readily soluble ocarbochydrate in the rumen, These
substances scoting as buffers in a variable degree, in turn
stabilise the hydrogen-ion concentration in the rumen and
promote the vital processes of fermentation and becterial
proliferation,

Further experiments are being undertaken to
determine the most economical rstio between the amountes of
urea and carbohydrsts required for maximel utilisation of

the urea.

3. The ttilirstion of uren by meture rheey.

As & result of the informstion obteired in
Erperiment 1, a second exvériment wes nlenned to determine
the effect of urea on the ruminagl teoteries in vivo znd to
prove or dieprove the hypothesis (Harris snd Nitchell 1941)
that the utilisetion of ures by adult ruminsnts occurs
through the formatlon of bacterial protein from urea
nitrogsn,

(1) Fxnerimental:

For this purpose five fistuls shesp wers fed on a
standard ration of 500 grams dry lucernc hay »lus 300 granms
of vellow orushed malze dally. 'Buring this period which
lasted 14 days, bacterisl counte were made to 2scertain
the denslity of the bacterial population under ortimsel

Of)ndltl"mE/....-.....
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TABLE 21: NITR(UEN METAROLISM STUDIES ON FIVE ADULT FISTULA SHERP. RESULTS EXPRESSED ON DAILY BASIS.

Sheep Ho. Ration Length Food cone Nitrogen Intake. Nitrogen Cutput, Hitrogen Balsnoe,
of sumed . In basul 1N SUppie= n Tasces in Urine
period. ration. ment,
" Tays. o 0. &n. TEm. &h. on, ' ‘"“ -
2  Low Fitrogen 8 500 1,93 - - 1.50 le21 - .19
Urea 10 480 1.36 2, 3U 1.60 1.68 + +41
3 Low Nitrogen 8 600 1.92 - k26 £.07 - 1l.41
Urea 10 4:70 1.32 2.33 1.38 2001 L 936
4 Low Nitrogen 8 600 2.34 - 1.70 1.77 - 1l.06
Urea 10 760 2.66 2,23 1.64 L1.§2 4 1.83
5 Low Nitrogen 8 620 2,77 - 1.86 2,87 - 1,95
Urea 10 540 2,47 2.33 1.23 £,18 +4 1.29
6 Low Nitrogen 8 800 2.84 - l.86 . 1.70 - .72
Urez 10 720 2.47 B.o3 1.18 2,C1 + 1.61

TABLE 22: AVERAGR BACTERIAL COUNTS PFR ee, OF RUMEN INGESTA IN NITROGHN METABOLISM STUDIES.

BACTERIAL COUNTS EX RSSED 1IN MILLICN LER ce,

Periecd Sheep #o0, 2 Sheep Ho., 3 Sheep do. 4 Shesp No, & Sheep Mo, € Avevage for & sheep.
1 1891 i8s8 1902 1933 1808 1874
2 613 5856 613 629 620 612
3 1256 1088 833 1100 1063 1068
4 1711 1281 1118 1533 1244 13877
] 2091 188¢ 1702 1811 1891 1878
Period 1 -~ Standard ration of lucerne hsy and ocrushed yellow maize.
" 2 - Nitrogen low ration.
n S5 - Hitrogen low plus O gm., urea.
" 4 -« Nitrogen low plus 2.5 gm. urea plug l4.1 gm. white fish meal.
O -~ Ritrogen low plus 28.2 gm. white fish meal,

n
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eonditions, On completion of the observations the animals
wers transferred to metabolism orates and out on to a
nitrogen low diet (kRetion No. 10), Collections of faanes
end urine commenced &fter & pre-period of 12 days at which
stege the animels were consldered not to be in nitrogen
egullibrium, During thies H-low period, which was continued
for eight deye, bacterial counts were made deily. From the
ninth dey on, 6 grams urea was administered into the rumen
of esch sheep through the fistula. Feeding, counts and
eollections werse contlnued me before, for a further period
of ten deys.’

With a view to gaining more information on the
abllity of ures te stimulate bacterial multiolication, the
ures perlod was followed by two further periocds. In the
first, the nitrogen of helf the urea wvas repliced by an
equivalent amount of white fish meal cslculated in terms of
nitrogen., 1In the following period there was complete
substitution of urea nitrogen by white fish meal nitrogen.
During these periods bacteria wsre oounted but sexcreta not
collected,

(11) Results of the supplementation of nitrogen low rations

with urea,

The results obtsalned from the various supvlement-
ations are summarised in Tables 21 and 22,

In the nitrogen metabolism experiment it will be
noted that none of the five shesp were in nitrogen equilibrium
on the nitrogen low ration, DBy suoplementing the ration
with O grams urea the daily nitrogen intake was inereased by
2.33 grams, with the result that a complete nositive
nitrogen balance was created, From theese results it appears
that the sheep utilised urea nitrogen to replenish the daily
unavolidable nitrogenous losses assoclated with maintenance,

The/.oo--o-o..
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The ruminel bacteria, as is shown clearly in
Table 22, increased in number from 612 million per cc., to
1068 million per oc,, representing an increase of 65 per cent.

On the substitution of 2,5 grams of urea with 14,1
grame of white fish meal, & further ineresase in ruminal
bacteria occurred, viz, from 1068 million to 1377, ~hich is
an increase of 28 per cent, Complete substitution of urea '
by white fish meal resulted in & merked bacterial
proliferation., From 1377 million the count rose to 1875
per cc, The bacterial population therefore inorsased from
612 million per cc. on a nitrogen low dlet to 1875 on
supplementing this dlet with an amount of vhite fish meal
having the same nitrogen value s 5 gram of urea. This is
equlvelent to the bacterial vopulation on the standard ration
of lucerne and yellow meize, and revresents a bacteriel
increase of 206 per cent, The increase produced by urea was
556 per oent., This means that bacterial nitrogen, apart from
any other micro-organic nitrogen that msy have been formed
at the same time, was increased by at least 65 per cent on
supplementing with 5 grams of urea,

(111) Discussion and Conclusions:

Schwarz (1925) found thet the nitrogen of bacteria
accounted for 11,7 per cent of the total nitrogen of the
rumen in sheep on a poor hay diet (3-4 per cent protein).

He calculated the weight of ruminal bacteria per 100 Kg.
rumen content as 2.79 Kg., containing 41°'gm. of N, This
corresponds to 256 gram of protein (N x 6,25), For every

1l Kg., of rumen ingesta & sheep on a poor hay diet therefore
has 2,55 gram of bacterisl protein in its rumen, If the
bacterial population is increased by 55 per cent when
supnlementing the ration with 5 grams of urea, the bacterial
protein in the rumen would ocorresnondingly be augmented by

65 per cent/,......
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65 per cent. Thus, the rumen would then have 4,19 grems of
bacterial protein per Kg. of ingesta, Assuming that the
rumen contained 4 Kg, ingesta, its bescterisl vrotein would
be increased on urea feeding from 10,24 pram to 16,76 gram,
In addition to this protein, the animal receilves from its
hay from 11.9 to 17.5 grams of ovrotein (vide Table 21)
dally, bringing the total nrotein in the rumen to hestween
28,6 and 33.2 grams,

According to Voeltz (loc. oit.), 90 per cent of
the bacterial protein can be utilised, thues of the 18,78 grama.
the sheep would utilise 15 grams, Of the voor hay 50 per
cent is utilised (Smuts, 1940), therefore sctually 6-8,7 grams
of protein, The total protein utiliced by & 4F Kg. sheep )
would accordingly amount to 21,8~23,8 grams,

The minimum protein requirements of & msture sheep
being 410 mgm, per Kg., of body weight (EKlein, Schmidt, Studt
and killler, 1939) a sheevp of 45 Kg. would require 18,45
grams of protein daily, The bacterial and food nrotein
amounting to 21,.8-23,8 grams deily would, therefore, keen a
45 Kg. sheep in positive nitrogen balance. This is horne
out by the results recorded in table 21, and has elso been
confirmed by Harris and Mitchell (1941), without supvle~
mentation by urea, the utilisable bacterinsl and food nrotein
in the rumen amounts to 15.2-17,9 grams dsily, vhich is
insufficient for maintenance and produces a negative nitrogen
balance,

Under the conditions inveastigated there ig therefore
no doubt that the feeding of urea results in increassd
bacterial protein in sufficient amounte to maintaein mature
sheep in nitrogen equilibrium, provided sufficient energy
is available in the ration in the form of starch or sugar,

Iv. SUM'EARY/ o® e 0o s o0
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IV. SUMI\;ARI!

Ruminal Infusoria:

1. A technique 1s described for the preservation gnd
counting of ruminel infusoria.

2, Pesctions of specific infisoria ss well ag total infusorial
populetions to changes in the diet of steble fed sheep
are deaéribed,

3, Seasonal fluctuations in ruminal infusoris of sheen on
pasture are recorded, The nutritive value of the nasture
wss shown to have & significant influence on the density
of the infusorial population, The number of infusoria
decreases almost pronortionetely to the decline in
protein content and dlgestibility of Ary matter,

4, Data are preaented commaring the density and tyues of
infusoris in sheen on pasture and different soecies of
entelones under natural conditions, It wss found that
browsing antelones (Kudu, Tulker, Imcela), harboured more
then five times the number of infusoris counted in
grazing antelones (Wildebeest, Sassaby, Sable etc.).

The number of infusoria present in the rumen of sheep on
peeture was compsaratle to thaet in the antelopes with
grezing habits, The average numberes per cublc millimetrq

being resvectively 278 end 313, The genus Entodinium was

commonly seen both in sheep and in antelones, &and was
inverisbly the dominent orgenism in anitmals on diets

rich in protein and csrbohydretees, The genus Diolodinium,

on the other hand, occurred with greater recgulerity in
sheep, whereas the genus Epnidinium ooccurred more fre-
quently in antelones, although it was also »nresent in
shee~r,
5. The digestion of maize starch within an infusorium is
desoribed. The brown glycogen-like granules formed
within/........e0
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within the foodsack and plasma of the infusorium have

been shown to be glycogen-synthesising bacteria and not

actual glycogen-granules syntheeised by the infusorium

&8 hitherto accepted. This important function previously
acsigned to the infusoria, 1s in reality performed by
bacterie which normally may be ingeeted by the infusoria. |
Consequently, the infusoria can no longer be regarded as
playing an important r8le in the synthesis of glycogen
in the rumen, |

6. The rate of digestion of starch within the rumen was
shown to be the same whether infusoria were present or
not. It is concluded therefore, that infusoria do not
accelerate the rate of digestion of starch An the rumen,

7. It oould not be proved that 1ntusor;a assiet in the
digestion of cellulose within the rumen, It is surgi-od
that tho digestion of cellulose within the infusorium
occurs in lines simllar to those described for starch,
naumely, by the agency of celluloée digesting bacterisa
whioch xmay normslly be ingested by the infusoria or
whica are adherent to the cellulose narticles when these
are ingested,

Ruminal bacteria.

8. A technique for the counting of ruminal bacteria is
described,

9., A diet deficient in nitrogen inhibits proliferation of
the ruminal flora to a marked degree,

10, An excesa of nitrogen in the diet, in the form of meat
meal, proved harmful not only to the ruminal flors but
also to the host animal,

11, Further a Jeficiency or an excess of starch has an

inhibitory influence on bscterial proliferation,
180/0'.00.-.0.
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12,

13,

14,

Optimﬁl conditions for bacterial growth in the rumen
are created when the animal receives a balanced ration,
The low eyatine content of luecerne haj limits bacterial
muitiplication in the rumen of egheep subsisting on
lucerne hay only,

The effect of bone meal feeding (10 grame daily) on the
rumen flore, iz to provide an increased amount of
6a8ily digestible bacterial protein to the extent of
2,65 grams per day, Whether this ls of significance

to the animal in such snall amounteg is doubtful.

Bacterial digestion and synthesis of starch.

15,

16.

17.

18,

18,

The only disetaces nresent in the rumen seem to be
those secreted by ruminal bacteria, whitch would then

be responsible for the entire starch dlsintegration
seen there,

In the rumen of sheep receiving a reguler supply of
starch in the diet, the bacterliel disintegration of
starch granules commenced after 5 hours and'was complet-
ed vitbin 18-20 houre, 1In the case of sheep not
recelving starch in the Jdiet, disintegration of the
gtarch administered through the fistula commenced after
7?7 hours and tock 8-10 hours longer to complete,

3tarch granules of the various cereals differ in size
and shapne. The dlametexr of starch granules influences
their rate of dleintegration within the rumen,

Some of the products of starch degradation are resyn-
thesised into glycogen and starch-like polysaocharldes
within certain ruminal becteria end pseudo-yeasts,

The L1odorhilic wmicro-orgsnisms encountered in the

rumen end sssociated with the disintegration and

digestion of starch, are described,

20, /0e.iinnnn
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20, 4in iodophilic strentococeus cloeely sseociated vith
the dieintegration of starch wae isolate® in oure
culture and some of ite cherscteriestics described,

Cellulose digestion in the rumen,

21, The Aizestibility of cellulosre in meture veld hsay
conteining 3.9 per cent nrotein wae not i'mroved by
altrogen and aterch sunnlementetions, even though there
ves a8 significant inoresse in the numbxr of ruminal
bacteria,

22, The coefficient of Adigeatitility of cellnlose decressed
vith increasing emounts of starch in the diet,

23. 'Tne zrount of sterch or sugsr rresent in the Aiet
influences the vtiliszetion of 1te nitrogen by the animal,
On & diet low in starch the nitroger was voorly
utilised., However, this improved pronortionstely to
the increese of sterch (energy) in the retion,

24, Uncéer optimel conditione for cellulose Aipestion, only
62,1 ver cent of the cellulose nresent in the dlet was
digested. “hie incomplete digestion ie dependant upon
the degree of lignificetion of the plant, The mature
veld hay used in these exneriments shoved that
lignification wee well advenced,

The poeeibllity of cyetine eyntheaie in the rumen and its

reletionshly to nitrogen metebolism,

25, bMeteboliem experiments in which rumen incests collected
from sheep kept on e diet of lucerne hay only, was
subsecuently fed to white rate, showed that the
plologicel velue of thls material was definitely higher
(ty 15 per cent) than that of untreated lucerne
similerly fed to white rete, Moreover, the sddition
o?f cyetine to rumen ingesta gaused further enhancement

of ites blologicel value to the extent of 12 ner cent,

26'/...'....
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26. In the ocase of growing sheep, the supvlementation of

lucerne oy cystine increased ite biological value by

10 per oent, whereas in adult snimals, Jmuts and warsis
in their researones, failed to procuce any such irprove-
ment,

27. The experiments conducted  Loth on rats and sheep afford
no evidence of a cygtine syntheslie by the microflora
of the rumen,

28, A8 far &8 protein metabolism is concerned, the rdle of
the ruminsl microflorsa apvears to bve nrim:rily that of
assimilation of proteins and other nitrogenous compounds,
which are built up into the protoplaem of thiese organisms,
Such becteriel vrotein being rendered avellavbis for

digestion and assimilation by the host,

THE UTILISATION OF UREA BY RUMINAL MICRO-ORGANISES,

29, The effecut of urea, admixed with ruminsl ingesta 1s
apparently twofold:

Firstly, it supplies the micro-organiems with a
form of nitrogen which can be traansforued oy them into
bacterial protein, Thies protein is then utilisable by
the ruminant,

decondly, urea, when hydrelysed into Rﬁs and 002,
procabiy ocontributes to the production of ammonium
carovonate and amronium bicarbonste in the presence of
an adequats anount of sugur or starch in the rumen,

The 002 derived from the urea has, ch calculation,
been found to be insufficient for thie vurpose.

30, 1he feedihgvof urea to suecep, results in increased
vaoterial protelin in sufficient emounts to maintain
mature sheep in nitrogen equilibrium, provided sufficlent
energy is avellable in 1ke ration in the form of starch
and sugsr. Ap&rt frogy the provision of CO, by these

carbohydrates/..ceeee..
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carbohydrates, they ialso supvoly the micro-organisms
¥ith the energy required for their metabolism and

proliferation,

V. DISCUSSION AND CONCLUSIONS:

THE SIGNIFICANCE OF THE RUXINAL FAUNA AND FLORA TO

THE NUTRITION AND HZALTH OF THE AKIwAL,

In evaluating the significance of the ruminal
micro-organisms in ruminant digeatiop, special attention
was given throughout this study to the abllity of the ruminal
fauna and flora elther to disintegrate or synthesise food
substances within the forestomachs, The information gained
from this investigation as well as the results obtained by
5ther workers in this field will be considered in the
following discussion in an attempt to elucidate and
co-ordinate some of the functions of the ruminal mioro-
organisnsg,

(1) RUMINAL FAUNA.

The ruminal fauna is comnosed chiefly of infusoria
and amoeba, As the latter organisms 4o not occur in signifi-
cant numbers, only the presence of the infusoria will be
considered as an index of the r8le played by the microfauna
in the rumen,

With regard to the digestion of cellulose and fats,
Mangold (1927) and Hennenberg (1926) have shown that these
substances are digested by bacteria within the foodsack of
the infusorium, These bacteria are normally ingested by
infusoria, Moreover, the author could not demonstrate
appreciable digestion of cellulose by infusoria in an
experiment in which the degree of cellulose digestion in
sheep harbouring a normal infusorial nonulation was commared

uth/vooocooooo
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with the degree of digestion in the same cheep fres of
infusoria., It 18 reasonable, therefore, to conclude that
infusorise do not significantly influence the digestion of
cellulose within the rumen. Cleveland (1924) has shown that

the protozoon Reticulotermes flavipes, which ig & normal

inhabitant of the inteatinal tragt of the termite, does
possess the ability to digest cellulose, This has to be
conslidered, however, as a rare exception of an individual
species of protozoon, endowed with this specialised function.

Trier, Westphal and Mangold (loc, eit.,) advenced
the view that infusoria were able to synthesise glycogen
from starch ingested by them, It was, howevep, shown in
this study that bacteris, normally ingested by the infusorias,
were responsible for the digestion of starch and synthesis
of glycogen within the infusoria, as is the case with cellu-
loss and fats, These organisms could, therefore, be
regarded only as hosts in which starch, cellulose and fats
are digested by bacteria,

FPerver (1925, 1929) held that these organisms
served to convert plant proteins into more easily digestible
animal proteins in the form of infusorial protonlasm, The
amount of protein the rumihant could derive 1n.this way is
however insignificant and could not favourably influence the
nitrogen balance of the animsl,

Due to thelr amazing activity, ruminal infusoria
disalpete a large supply of energy, and consequently require
& larger calorific intake, thereby tending to elevate the
temperature of the ruminal mass, The nhysical effect of
the rapid mechanical movements of these organisms as well as
the possible synthesis of vitamins and aminbeacids, still
needs investligation. These functions, however, do not
appear to be of vital importance to the ruminant, as sheep

kept/.otoco-co.
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kept free of infusoria for several months suffered no 11l
effects,

From the results of this study it may therefore
reasonably be concluded that the ruminal infusoria are of
no vital significance to digestion in the ruminant, 7This
view confirme the conclusiosn drawn by Scheunsert and
Schieblich, Beoker, Schulz and Emmerson, and Westhhsl,

(2) RUMINAL FLORA.

Physical disintegration, either by grinding or
chewing, is an act which usually orecedes chemical digestion.
In the ruminant food 1s only partly broken down before
swallowing, but 1s subsequently regurglitated to be
thoroughly masticated during rumination. This nrocess
reduces the coarse material to a certain degree of fineness,
leaving bruised and frayed edges in the plant material,
which results in an increased surface exposed tn bacterial
action, This augments and accelerates the rate of bacterial
disintegration (Woodman and Stewart, 1928, Meyer, 1927),
Once the cellulose digesting bsoteria have entered the
brulsed surface or edge of s cellulose particle, disinte-
gration can be followed microscopically, sten by sten, until
the cellulose particle loses its structure (Meyer, loc, oit.,
Bsker and kartin, 1938), Although the nature of the
breakdown products derived from cellulose has not 28 yet
been fully established, the fact nevertheless remains that
the digestion of cellulose as well as that of all other
fibrous meterials is determined solely by the nresence of
speoific celluleelastic micro-orgsnisms within the fore-
stomachs of ruminants, seeing that the essential cellulase
iz not seoreted in any pert of the digestive trsot of the
host animal (Dukes, 1937). aoreover, the results of the
present investigation show that (1) the maintensnce of the

rumingl/c ... oiinn.
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rumingl flora st & high level is essential to promote
maximal utilisation of cellulose by the ruminant, This
reculred density of the flora cen be mainteined by feeding
the animal on = balsnced ration. (2) The bacterial »Hopu-
lation in the rumen increased by as much &s 74 ner cent
folloring the supnlementetion of extra protein to a basic
diet consisting msinly of cellulose and sterch, but other-
wise low in avellable nitrogen., This significant increese in
the bacterliesl populstion wes in turh sseociated with en
improvement in cellulose digestion to the extent of 21 per
cent, On the other hand agein, it wses found that a diet
which was rich in sugsr or starch brought sbout & decrease
in cellulose digestion, due probasbly to the fact that the
mioro-organiems diverted their atteition from the cellulose
to the more easily digestible carbohydrates., Hence, care
should be exercisgsed with the amount of soluble carbohydfates
incornorated in a dlet if maximsl utilisation of cellulose

is required, Furthermore, it was found that with a
deficiency of starch (energy) in the diet, the aveilable
nitrogen is not fully utilised by the ruminant. Aecordingly,
the diet of animals on energy deficiency should be supvle-
mented with sdequate smounts of starch, or other esasily
digestible carbohydrates, e.g. molasees, Sheep on vasture
during oﬁr winter months suffer from an energy ae well as a
nitrogen deficlency, consequently such animals should
receive supplements of starch and protein, the feed indicated
being yellow maize,

Lignification is another factor which has been
shown to impede the digestion of cellulose contained in
mature veld hay, even to the extent of 38 ner cent, Hey
should, therefore, be cut before lignification hse become
advanced, Louw (1938) has shown thet if veld hay is out
during the flowering stege its nutritional value ie hiph,

the/ieeeennnn,

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



llllllllllllllllllll

the degree of lignification at this stage being small.

Apart from the chemical digestion of cellulose by
specific bacteria, the process of physical disintegration
associated with this digestion is of vnaramount imovortance,
in that it rendere ascceesible and assimilable such vitelly
important nutriments a8 protein, sugars and minerals, whieh
otherwise are locked uv by cellulosic walle, During the
process of disintegretion the fragments of food varticles
become hydrated and softened in the rumen after which they
are alloved to pass through to the abomasum and intestines,
Due to the delicate nature of the abomasal and intestinal
mucosa, in contrast to the horny lining of the forestomachs,
this preliminary softening and maceration of the foodmaes
before leaving the rumen and reticulum aids in the protection
of the digestive tract against excessive mechaniocal
irritation, Consequently the food mass leaves the fore-
stomschs a8 a fine watery colloidal susvension comvosed of
the smallest food particles together with large numbers of
micro-orgenisms, With the repeated onward passage of
ingesta from the rumeﬂ, acccmhodation is made available for
further amounts of food freshly consumed by the animal,

In addltion to the disintegration and gigestion
of celluloge, the degradation of starch by micro-organisms
has been shown above to occur in the rumen. As the endosperm
of some cereals contains a maltase (Laish, 1916), it 1s
possible that this enzyme assists in the later stages of
starch hydrolysis within the rumen, The ruminant saliva
does not lnfluence starch digestion as 1t contains no starch
8plitting enzymes, nor are such enzymes secreted from tissue
cells in the forestomache, This deficiency is, however,
compensated for by ruminal flora whioch also attacks and
8plits starch granules, the process being completed within
6% to 18 houre, This is an advantage geined, especially

DY /eeenencons
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by stall fed znimals recelving a diet rich in unvrenared

rew starch, the digestion of which vould be definitely
delayed due to the absence of any selivary amylase. Unless
partial disintegrafion of starch took nlece in the fore-
gtomachs, the digestion of this materisl would be denendent
entirely upon the esction of smylase present in the smell
intestine, in which oaee‘the vhole process becomes unduly
delayed, Vhereas carbohydrates after digestion are normally
sbeorbed as mono-saccharidee, chiefly in the form of glucosé,
the intefvention of bacterisl sction in the forestomachs
results in the elaboration of various organic acids such as
lactic, acetic end oroplonic acids, which themeelves arvre
avellelble for esbsorption by the snimel. Part of the carbo-
hydrate on the other hand, may be transformed into other
intracellular polysaccharides such as glycogen, which, after
the downward passsge of the organiems also becomss avsilable
for eseimilation,

An important group of chemical substances
synthesised by the ruminal flora is the vitamin B comvlex,
Thus, cElroy and Coes (loc, cit.) and Wegner et al (1940)
have shown that these organisms can synthesige this vitamin
complex even on a diet deficient in it, The significance of
this function is not as ye$ fully realised. Ruminante are
frequently dependant uvon vitemin B deficient diets during
our winter months when the vitamin B content of the hasture
declines (Hunt, Record and Bethke, 1936). As =z result of
this function of the ruminel flora, avitaminosis 3 is a
relatively unknown disegse in ruminants as con»nared to such
dismsases as PoOlyneurities in birds (Nobberstein and Haunt),
(1927), "Black tongue", in dogs or dog nellagra (‘/heeler and
Bebrell, 1233), neurosis and ataxia in horses (Carlstrdm et
al, 1939),

Avart/,........
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Apart from the synthesis of vitamins, i1t hes been
shown in the onresent inveestigation that ruminel micro-
argenisms are canable of utilising a non=-protein-nitrogen
e.g. ures, at leest to ecore extent, for the opurnose of
building their own cellular nroteineg vhich in turn zre at
the disposel of the host, Consecuently 1t enables *the
ruminant to utilise such a wesie vproduct of beody metabolism
as ures, which in the ceaee of other animals is without eny
nutritive value, By virtue of ite ruminel flors, and the
protein-aparing effect which 1t diepleys, the ruminant animel
can thersfore be fed more economically then any other farm
animals. This is of specinsl importence in view of the
expense end relsative scarcity of proteins asvailable in
animal nutrition.

The true eignificance of the ruminal flora in
animsl health is s matter to be inveetigeted still further,
eppecislly on account of the wide fluctuetione in the
nutritional value of the diet to which the rurinesnt animal
may periodically be subjlected. Thus it wes found that vhile
the ruminel flora was maintsined at & high level of 1944
million per cc, in sheep on good summer vesture, the bacterial
count consistantly declined to 1067 million when the
nutritive value of the vasture (consumed ad 1ib,) increased
owing to froste., Hhould the consumntion decline, however,
as 1s the case during malnutrition, the number of ruainal
micro~organisms decreeees still further to & very low level,
Ruminal paresis and ultimately complete cescation of
runination are conditions often essociated with debility,
which is probably aggraveted by the sccompanying low
bacterial flora,

Moreover, it has frequently been observed in the
ocourse of this study that sudden unfevourable changee in

dlet/....ooo...
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diet or the administration of such poisonous substances ae
copper sulwhate, rapnidly alters the nature of the ingesta,
impartin: to 1t a darker colour and & musty odour, At the
same time ths bactefial count drons from ¢z, 1900 to ca, 509
million 2¢r cc., and all signs of fermentation and ggs »ro-
duction disaonéar. Thus the sudden intoxication of the
ruminzl mlcro-orgenisms, or reduction in the nutritive velue
of the ingests, normall& forming the suustrste for the
ruminzl flora, ia resoonsible for the desth of vast numbers
of organiems,

This is also attended by a cowmplete change in the
comnosition of the flora assoclated to some extent with pro-
gressively increased anaerobic conditions within tne fore-
stomachs, 7The above conditions may favour toxin production
in the digesfive tract with tae result that liver function,
zhich is alreaﬁy influenced by deficient glycogen suvplies,
is lizble to varylng degrees of derangement, There are
indlcations thst it is under these conditions that such
111 defined metabolic disturbances as Domsiekte and

Enzootic Icterus make their appearance, In the absence of

critical experiments in this connection, it can only bLe
assumed that the setiology and pathogenesis of these
conditions mey be associated with scme such disturbsnces in
the forestomachs. Further investigations are essential,
especlally in regard to the behaviour of thne ruminal flora
under aknormsl conditions,
By cemraring the function of the ruminal fauna
&nd flora, an éttempt hae been made to elucidste their
reletive importance in ruminent digestion, and it has been
shown that: |
(2) 9The infusoria vhich nitnerto hed been oredited with
the digestion of starcn and synthesis of giycosen, in
recllty play a very minor r8le in this respect.

Kangold's/ceeseeenns
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Mengoldls assumntion that infusoria themselves did not
directly digeet cellulose but merely ingested cellulose
spllitting oacteria, ie also conflirmed oy mecsns Of
chericel determinstions, ‘The amount of orotein the
ruminegnt could derive dally from infusorisl protoplasm
hee lLeen shovrn to we ineigniricant.
(v) ‘ihe part slayed oy bacteris on tne other hand seems very
muchi more iaportent in that they are ceavable of such
videly aifferent functions, as for instance, thne trans-
formetion of non-protein-nitrogen, e,g. uresa, into
vidloglically more velusble nroteine; the disintegration
of starch and cellulose’ana the synthesis of giycogen
and other polyssaccharides,

From the results of the present study and of other
workers 1in this field, the fact seems falrly weil established
that zn intimate form of symbioéis exists between the ruminant
end ite runinel flore, There is very little doubt that this
gymvlosis, 1s in fact, the most important feature :hich
deternines the ability of the ruminant %o feed on ahd
utiliee a very much greater proportion of the lower, nmnore
eabundant snd therefore cheaner types of food, namely,
cellulose compounds, koreover, it eusbles the ruminant to
build up assimilable proteins from non-protein-nitrogenous
eubstences guch a&s urea, and also to synthesise for itself
the indispensible vitamin-B comolex,

Thie fundemental nhysiological adantation of the
dlgeative tract nes unfortunstely, aot recéived full consi-
éeration in the economic feediny of our stock. It is,
therefore hopned, that this work will at lesst serve to focus
the attention of nutritiounists to the immortence of ~uminsl
biology end vhysiology in ruminent nutrition, and that the
practiczl anoiication of the ovresent knowledee, although
8111l 1ncomplete, will go & long way in solvinq enome of our

nutritional problems,
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