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Trm breakdown of cellulose and other related compounds eonstitutiug so­
eallecl " erucle fibre " is generally n~ganled as the most important in a series 
of ehemif·al dumges undergone by plant food stuffs within the forestomach" 
of ruminant animals. I n the absence of any cellulose-splitting enzyme 
:,;ec1·etecl from the glands of the digestive tract itself, t l1 is disintegration of 
cellulose is largely, if not exclusively, dependent upon the presence anrl 
activity of a specific microfl.ora within the forestomach s and to som e extPnt 
in the large intestines. 

From data presented by the Cambridge workers, Hareroft, McAnally, 
Phillipson, Elsden and otheTS, it is evident that a eousidera ble proport ion 
of the organic af·ids thus formed from cellulose and other carbohydrates i11 
the rumen is largely absorbed into th e bloo(l st ream through the walls of 
the forestomadu; thenu;elves. Great d ifficulties, howeve1· , are encountered i11 
study i11g the speed with whirh different food constituents are bro],en d-mru 
and also the nature and exa(·t quantities of the differPnt products liberatefl 
in this process . This is due to a variety of causes ot whif·h the follo"·ing 
may he cited: -

(1) Due to the dose p1·oximit~' to eaeh of t he entrant:e and exit 
of t he rumen as well ns the voluminous sat:-like nature, this organ 
cloes not readi l~, empt~' itself even after prolonged fasting. 'l'his 
results in the accumulation and constant mixing of the food consum ed 
over an extenrled p eriod a nd therefore in different stages of disinteg-ra­
tion. 

(2) The mte of passage of ingesta from the rumen to the Test of 
the digestive tract depends npon its physical condition . This in turn 
is determined by the fibre t:ontent and bulk of the food, the efficacy 
of mastication , rum in nl motility and the a(·tiYity of the cellulose 
splitting organisms. 

(3) 'Vhile pnrt of the breakdown products fire passed thnmgh 
to the abomasum, some mav he <lirectlv absorbed from the fore­
stomach s as mentioned above. Y et a third portion may eit h er be 
eompletely oxidised by the organisms into carbon dioxide and watel' , 

*Dr. Hoflund was on a r esearch v isit to Onderstepoort and the work was done 
during his st ay at the L aboratory. 
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wi th th e liberatio!l of a ('on ,.;idt>rabl e amount of !t eat. or else resyutlt e­
:;i,;ed to 1-d.v('og-en and other produds to ('Onstitute purt of the;r own 
protopla .,;m. i-lnhsequen t l:- tll t>Se organisms pass on wit h th e inge,.; ta 
th roug h th e abomasunt <ltt<l int estines ,,-hPre th e.•; <HP expose<l to the 
a('tion of t he onlinar.1· fligeo-d:ive enzymt>s. 

(4) In 1·ie w of t h e nni ety of org-;uti sm s nonnalh- inh abiting t he 
forestom a('h ,; and t hP fad t hat th eY ;ne infl.uenre<l hy hoth the 1liet 
and the ph.):;;iological state of the ho,.;t animal , an intri('ate Lly natlli(' 
bulance must a t all ti m es be maintain ed heh,·een the differ en t spe('i Ps. 
This i .,; es::;ential in p reventi11g outrig-ht puh·ebdion in thP fore­
stomach s an cl t he consequent 1langers o£ toxaemia . 

From t h e:-;e consid erations it i,; oln-ion s tha t a complete ch em ieal s tu1ly 
o l all th E' t·on! 'lllTe>tt ,-han ge,.; mHlergone hY t hE' food in t he for0<>tomadu; 
is a physieal imposs ihilit? . Not only i s aliquot s;.unpling· rendPred ,]ifficul t 
lmt abo no true estimnte ('an he mad e ot tlw tot a l ruminal ('OtttE:> nt.s a t a n:· 
giYen t ime. 

As des('ribed in preYiou;; puhlil'a tion s b.1· <-!uin ancl Van 1ler vVatlt , 
somt> ·of t h ese flifficultiE>s coul<l , hoii'PYer, be o \·pn·ome by t h e use of anima1:; 
carrying- permanent l'lllllinul n,.;tn]a tubes throug·h whi1·h Y<ll'iou;-; test lll<tterial s 
could be su sp end ed in the nunina l m<-tss itsdf. H.v the periodil' ·with,ha11·al 
of t hesE' ma t <·rinls Hom e i nformation could lw g·ain e cl a s to th e typ t> of 
Ol'g-anis ms attracted t o t he m and also tlw rate at 11·hi ch such tPst suh-;t a n('es 
wer e broken (lo\\·n. For t hi s purpose small ,.;v-lin,hical bag-,.; were made frolll 
a verY thinlv \\"0\'f'll nahual si lk. These wer e then fillNl e it h er with a f ew 
('er eai g-rain s, pi t>l'es of straw ta ];pn 1hui ng difterPnt stag·es of plant gTo1dh 
or pure cellulose iu the form of paper pulp. Although th e material was 
constantly exposed hoth t o th e mE>chanir al an1l the baderi a l act ion in thP 
r um en , experiE>n ce showed that whe1·e materials s udt as paper pulp wer e a t 
nll inclined to lwcom e dumyecl in tht> bags, no sharp end-poin t wa~ r each e1l 
a nd h ence t h E' tobl tim e taken for complE>tt> <li ,.; in tegration could 11ot lw 
reli abl:v a scE:>rta ined. Wh t>r e whole ce rPal grains of 1lifl'E'r en t t y pes " ·erP 
e xposed , sati sfactory r eading,.; wE're USll all)- ohbtined ns to the times taken 
for t h e starch:- portion to fli sappear. 'rhE' s;tmt> flirl not , hOITPver , apply 
t o th e (' E'llnlo;-;E' husks wlti('h requin-'d long- p E> rio<ls for contplete <li,.;integration. 
Thil-l delayed reaction e:-;peeia lly in cellnlo:-;p fligest ion mi g-ht possibly lw 
a ssociat·ecl wi th smne clt>gTE'e of ;; tag-nntion in th e bag·:-; <ltHl a n a ('c umulation 
of v<trious hrE:>akcloiYll pnHlncts whi ch 11·en• not h eing- n-•mo1·ed rapidl:- e nough . 

bn·tWYl-:n ' L'i-:cttXIQt-t·: l:'frH 'JIKISl' Hlxt; H .l'l't·: ov Ct·: u . n .o sl-: ]}t si::\T t·:r;Jt _I 'I' tO:x. 

In Yi<·ll· of t-h e gTe<lt importanr·P attache1l t o t lw ::tdualrate of cPlhtlo,;e 
hrP<1hlo1Yil in the forestDln a1·h ,.; tlllcl er 1liffPr en t f ee1lin g· !'ondi t ion s a n<l its 
t•ftpd on appe titt> ancl 1Llily foofl con ;;umption . furth er pffort,.; we1·p macl E' to 
<l el" i ~E' a m ore n •liahlP m ptho<l of m ea suring- t hi s fad or. It 1\'a H r ealise1l , 
ho11·eYPl', t hat a hue pidure f·OtH·prni >tg- thP ratE' o f hl'(-•al"lo1Yll of th e cliffe ren( 
I'Olnponent;; norma lly r·omprising- 1-rnrlP fihre in th e Yariou ,; fE>ecl,.; C'oulfl not 
he hoped for see ing t hnt th e <l egree of inl'rustatio n of plant ti ,.;s ue,.; hY high],~­
indigestibl t:' lip:nin :md oth t> l' relate(l t·ompomuls \\';!,.; houn<l to Y<HY wi t h ,.;uch 
f<1cton; a s speciPs, frE>~hn es~, stag-e of gTo1dh , soil , 11·ater all(l climatil' 
C'OlHlition;; . ( 'on,.;equently it " ·as f·on s i<l ere!l nel'e,.;sarY to rr h · on pure <· Plhtlosf' 
in ,.;om E' s nitnhl e form a1Hl fn•e front any l ig·n in a ,.; tlw most- fl esirahlE' te,;( 
material. Thi s IYn s nchieYE' tl by t lw u st> .of short sh;tnfl,; of onlin<try se ll'ing­
cotton loosely ti E>fl to th e enrl of a thin m etal ro<l 1·owrefl b;v- a ('lose fittin g 
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rubber tube. By inserting· this r<ld t hrough the fistula tube, the end unrying 
the cotton threads coultl b e kept deeply plunged in the ruminul mass " ·hile 
t he other end 1·emained firmly fixed to a cork stopper inserted in the ll ec k 
of the fistula tube. This ensured C'outinual exposure of the threads to the 
iull effed:<> of ruminal actiYit~- <lt <·oJJstant depth. :MoreoYer, by limiting the 
use to only one gTade of ('otton (~ o. 40) of a well-lmow11 mauufactun "', 
reliable comparatiYe <lata could be obtained as to t he rate of ehauge in the 
breakiug streugth of individual C'otton thread::;, <llld the pe1·io<ls required 
for complete <lisintegTation. In comparison " ·ith t he r e:mlts obtai11Nl hy 
;;uspeadi11g tl1 e materials i11 silk hags, this simple technique rdfonled a far 
better oppmtunity fm foll<ming t he rnte of cellulose clisintegration, hom 
iis onset. to the stag'f' of :final <·ompldion. A:; will be noted hom t he followiug 
result;;, cli-tl'erences t:oul<l he re('orded not onh· between iwli v idual animals 
but ;dso a:; a result of ('hanges in t he diet. · 

The use of t:otto11 t lueads \ HIS extended a lso to inve,;tig·ations in ritTo. 
For this purpose t he flui<l portion of expressed ruminal ingesta dra \\'ll under 
different (·omlitiolls was in<:uba ted in test t ubes with length s of the same 
cott011 suspencled ill it. Again the threads could be wi th<ha,nJ at set i11 ten-nls 
an<l t he ratf' and exteJJi: of <lisiutegration <·omp<necl '"it h that noted in t lu· 
<mimal hod:· itself. This affonl ecl an opportunity not only of comparing- t he 
In cl eo with the in ritro hreak<lo,Yn of cellulose, but especially also of 
ascertaining to "·hat exte11t t he results ohtaiued in rilro could be reganl e<l 
as falling within norm ::~ l physiologieal limits. 

In a deli tion to the teHts on cotton ce llulosf', at-tempts " ·ere also made 
to ascertain the ra tf' of pl'otein ln·ea kdowu ill t he rum en. For t h is purpose 
;;hands of :mrgi('a l g ut as '"ell as fibTeH ma nufadm·ed <:ommercially fro m 
casein and pe:umt protei n were like,Yise S\l Rllendeil in the rumen. From the 
unduly long periods ta ken for a11:' ·of the,;e materials to di sappear from the 
rods, it wa ::; eYi<l ent, hmYeYer, t ha t the:.- '"ere refradory to the a<·tion of the 
ruminal orguniHm:;. At first this " ·as explained as being clue possibly to 
the exte11sive elmnges nn<lf'rgon e by t he protein in the process of numuhdure. 
F urther testH were t l1en C'an·ied ·ont in whi('h thin Htrip i> of freAh muscle 
obtained from cuts of beef or hom the hind legs of re1·entlv kille<l r atR were 
similarly expose<l to nnnin <:~ l achon. Ref'ing· t ha t t hese strips did 11ot 
disappear until the fourth or fiftl1 <lay after exlJORm e, it \Ya s conelucled from 
tl1e variou s tests mad.e that the di sintegration of these animul proteins . both 
ill t h e fresh an<l in t he <l enutnrecl ('Ondition was by 11 0 means comparable to 
t he more prompt dig·estion of protein nonnnlh- found in the stomach an<l 
intestines. Further inve~ti g- :1tions in reganl to protein flig-e:>tion in ruminant;; 
are, however, being undert:aken . 

'l'nE IN'l'EHPHl~T.~TIOI> Ol' TIJB in ri1·o TESTS ox CELJXLOSE DIGESTI OX. 

Stanclanl six cord " ·hite ~e"·ing ma('hin e cotton , gaug-e 40 (J . & r. Coats) 
was used throughout . 'This was attal'hed to ro<ls us i llustratefl. 
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It "·us found that the free e1uh or tail,; (B) were u:-;uall,\· dige,;te<l before 
the portions lying against ihe rolls (A). The threacb ,,·ere t•xumined manually 
for breaking siTeng·t h at ,;pi' intt:>rYals and thf' following- :tnnotatiun used to 
record t l1e r esults: -

0 Xo change. 

( + ) " 'l'aib" break with a snap. 

+ " Tails '' pull apart. 

+ + " Tails " absent , thrt:>ad;; pull :qnnt. 
+ + + " Tail;.; " a11<l "Thread,; . , ah:;en t . 

.As it wa;.; found quite impos,;ihl e to n'<·onl ,-mall nll'iahons in the amount 
of dig·Pstion of the threalls after theY had lH'f'll ex pOSP<l for a fix efl period , 
the time fador was :tl,;o int:rcHlu<·Pd in t·he intt•r]Hdation of Uw dab. '.L'he 
threa<ls wPre examin<•rl h,·il'e <lail~· until compl etP rlige:;tion ha<l hePn n•ar-IH'!l. 

In order to :~llow of gruphil' repn·sentation of thP speNl of <·elhllo,;e 
dig-Pstion, the fo iJm,·ing· arhitr:ny ~wal e \\'<I S <le,·i:;ed. (Table 1.) 

'l' .IHLE I. 

Sm1e of Hate of I Jiyes tion of ( 'olton TI11'Pads. 

I 
Hours within the Rumen. 

Rnte o r 
Digestion. 1-;:- --

I 
:10 48 i\.J. 7:2 9ti 120 

l-! +++ 
1:1 ++ +-++ 
12 + +I+ 
l l ( -!- ) -t f- +++ I 

10 0 + +++ 
9 0 ( -j ) +++ 
8 0 0 +++ 
7 0 () ++ +++ 
6 0 () + ..L ' 'T 

...:.__+ 

!) 0 0 0 -t +++ 
4 0 0 0 () ++ +++ 
3 0 0 0 (I + +++ 
2 0 () 0 () 0 ++ ++ f-

() 0 (I 0 + +I 
() 0 0 () 0 () + 

- ------- ---
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The goraphs rlepicting i11e rate of cellulose dig-estion in ·u·i1Jo are all 
drawn to this scale. 

CoMl'AlUSox Hl~T \\"EEN in r·i·w .um in TttTo rl'ESTS . 

The in rit1·o te:;ts were (·onclucted by placing threads of the standard 
cotton in ruminal ing-P,.;ta and incubating at 38° C. At first 2 per cent. 
(·aleium carbonate was added to the ingesta to act as a buffer, but it wa,; 
found that this made very little rlifterence to the ntte of cellulose dig-estion. 
1 n general the cellulose in the in t:dTo tests was dig-ested at a speed very 
similar to that oecm-ring- in the rumen itself. The following- result:;; from 
simultan eous tests illu:;;trate thifi point. ('!'able 2.) 

TADLE 2. 

The Cumpm·ison hetween the /~ale of Cotton l)igestion in 'Vivo and 
in ritto (S imultaneo-us T ·tials ). 

Sheep 
No. 

I 

i\Iet hod 
a = in v ivo. 
h = in •:itrv. 24 

Time in Hour•. 

30 48 54 72 

0 0 0 0 + 
0 0 0 0 0 

0 (+) ++ +++ 
0 0 ++ +++ 

4 I 

---, -j--
9 (+) + +++ 

0 (+) +++ 
- --1----- ----------1- ----
,, I (+) + ++ +++ 
b 0 0 ++ +++ 

- - ---- -------------1------
a (+) + +++ 
b --~- 0 _+~~-1-------
>1 (+) + +++ ' 
b 0 0 +++ 

10 
i 

=-~' J-
1 

13 

--:--- ~--0----(-+_)_ --+--+--·-1--+-+- +--1-----
b 0 0 i +++ 

---' 
17 

The basic diet used throug·hout the first :;;eries of experiments consisted 
of poor quality grass hay. This feed is high in fibre and low in easily 
as:;imila ble carbohydn1te, protein a nd phosphate . Alone it d-oes not form a 
maintenance diet for sheep. Previous experiments have shown tha t sheep 
on this hay lose weight Rteadily hut no gross clinical disturbances in digestion 
are noted, even after exti·ente emaciation h as been reached. 

THE EFFECT oF Sn~AH OJ\" THE in rit·ro DrG ESTIOK OF CELI:CLOSE. 

N umerous trials werP made to test the effel't of varioufi concentl·ations 
of glucose on the 1n rit·to digestion of l'elluloRe. '!'able ~~ illustrates t he 
results obtained . 
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TABLE ;). 

Cellulose Digestion. 

Glucose Percenta~e ..... . 0 ·08 · l ti 

Sheep 1 .. ( ) ++ + 
Sheep 2 ............... . (+ ) ++ +.-
Bovine J .. . .• • • . •• • •.. . + + +++ +++ 
Bovi nc 2 . .... ..... . ++ +++ +++ 

·40 

( + ) 

(+) 

0 

0 

All the aho1·e animals \Yere on a diet of poor haY and the readings on 
t heir nuuiual ing-esta takeiL aftt>r !i(j hmu,; ill(·ubation. As will be seen from 
the aboYe tablt>, eellulose dig~·;;tion " ·as aceelerated h}· the atl<1ition of 0·08 
aJHl () ·16 p er ("enL g-lueose hut \Yas depJ·ps:;ed by 0 · 4 per cent. It was 
subsequently fou])(l that the co11centration of glucose required for optimal 
<·.ellulose dig-e;:;tion in citro Yarird hetwepn the narrow limits -of 0 ·1 and 
0 · 2 per eent . 

'l'1n; E:FFEcT o F Fl'EJJIKG Sl:GAR \YITH HAY. 

In onler to te:-;t the aho,·e fin<ling , four sheep were placed on a c1iet of 
g rass hay only fm a perio<l of ,;ix wet>h. Tlw_v ''"ere t l1 en ft:><l the same hay 
hut ,,·ith the <H1<1ition of sugar. .\. str-ong· solution of :-mnose wa;; mixed into 
ihe hay so as !o giYe the d t>s ired percentage of wgar aud the hay rapidl:· 
sun dried to prevent ferm entation. 'l'he aver<tge daily haY <·onsmuphon an<1 
rate of cellulm:>e r1ig·elltim1 tln·ong·h tl10 exprriment are <lf'pided in Gr aph L 

Prim to the adual expe1·iment t he animals were reeeiYing lueerne hay 
and mail'-P. The Tate of cellulose chgestion improvec1 rapi<ll:v when the rabon 
was changed to one of g-rass hay only anrl reached a peak <1fter t wo \Yeeks. 
After thi,; it showed a tenr1 en<:y to dedin e but after s ix weeks was lltill 
much morf' rapid than it had been " ·l1 en lu("erne an<1 maize were fe<l. During 
this period t he aYen1g-e \\·eig-ht of the fom· sheep choppetl fro m G9 to 59 lb. 
'l'he hay conllum ption sho11·e<l the sa m e trP11<1 as the rate of ("ell ulose c1 igestion 
after a time lag· of approxi111ately bYo week:-;. 

After the c;ixt h 11·eek hay ("Onta iuing· 1 pr r cent. of ,;uno:-;e was feel. 
This had t he effed of stabili siJlg' the ntte of cellulose <1igestion and inereasing 
the h ay C'On;;umptimt. Durin g- the lOth \Y et:> k of thP experiment ;3 per rent. 
~ ugar wao:> a<l<1e<l to tl1e hay and after that it wa s rai sed to 9 per c-ent. As 
will be llPen tl1 e extr<1 sugar <·ause<l an improYement in t he <'ellulose clig-estiou 
for the first two \\·eeks but suh;;eguently a cl er·iclecl drop took place . rrhe ha_,. 
consumption was <1 efinitely impnwed and nwiutainer1 at a high level till 
the end of t h e expe1·ime11 t. It i;; probable that the retardation of celluloRe 
digestion noted during the last \Yeek would haYe depre. secl the h a:v con sump­
tion h ad t he experiment been continued longer. 
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'rhese results sho\H•d that :mpplementing sugar to the poor hay to an 
extent of less than 9 per cent. ha<l the effect of acu•lerating cellulose digestiou 
and increasing h ay <·onsumption. Despite this the sheep con tinued to lose 
weight as th<'y had done on t he hay on ly. The ave1·age bo<ly weight of the 
four anima ls fell from 59 to 52 lb . during t he seYen "·eeks that. they " ·ere 
fe<l the sugared h av. This indicates th at the acl.rlition of sugar only, to a 
diet oth erwise defir·ient <·an stimulatf' both appetite and eellulose digestion 
in sheep without, however, beneficially afl'ediug ho<ly weight . 
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TnE INFLUENCE oF PROTEIN 011 THE OrTiliUL CoKCK\' TRATIOK OF GLucosE 

FOR CELLULOSE DrGESTIO.:{. 

During the in Titro trials on the effect of giucose on cellulose digestioll 
it was noted th at this prot"ess wa s inhibitetl by exeess glnl'ose. 'rhe concenha­
tion of glucose requ ire<l to exert this efrPet was higher in ingesta taken hom 
sh eep ·on a high protein diet than in that from sheep on hay. The following 
results illustrate t his point. ('rable 4. ) 

In the experiment 2 per cent. ('al<·imn <·arbonate was aclde<1 to e~l<'h 
Sltmple and the readings taken after 42 hours incuh<1tion at 38° C . 

It will be noted that inhibition of cellulm;e digestion took place in lower 
con centration of glul'ose in the ease of the ,;heep on hay. 'rhe ingetsa from 
the sheep on a high protein diet showed full digestion in maximal con('entra­
tioHS of 1 ·2, 0·80 and 0· 56 per rent. glucose respectively, whereas in t he 
sample from hay-fed sheep, eellulose digestion was retarded by eonc('ntrations 
of sugar above 0 · 4 pel' cent. 
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lt ,,-ill be noted abo llwt th!:' pH decrea,;f'd with i nl'reasing glu('o~e 
concentrations but th;J t t his efff'l't wa,; not :-;o marked in the samples eontain­
iug- a hig-h er l1·\·el of protei n. rl' hi ,; i,.; probablY due to th e buffr ring adion 
of t he protf'in i n th e> ingef'b . The facilibtion of PelluloRc> 1lige,; tion l'an n ot , 
ho11·eYer, be a;;nibNl to thi ,.; lmff ering ndion alone. I11 sheep No. :1 (high 
protein) complete cellulose (lip:esi ion took place at pH (i · 62 11· hereas inhibition 
I\' 3R nott> 1l a t ]pypJs of pH (i ·8:2 and (i ·DS in she c> p 8 <1 11(1 ~) rr;:;pediYely . 

Diet. 

Luecrnc casein 

Luc·crnc casci n 

Lucerne en sci n 

Hay ... .... ... 

Hay . . . .. ..... 

Sheep 
Xo. 

l 

2 

3 

8 

9 

TAJILE 4. 

G LUCOSll ( Percen tage). 

. OS I . 24 I . 40 I . :i6 I . 80 I J . 2 

Digestion I+++ +++ +++ + 1-+- +++ +++ 
pH _ 7·80 7·80 7 · ·Hi 7· u ()·98 6 · 6~ 

--------------
Digestion +++ +++ ++-f +I ~ +++ (+ ) 

pH 7·30 7·30 7. 10 7 · I I) 6·00 6·60 
---------

Digestion +++ +++ ++ -1 +++ + ( -I- ) ( -I- ) 
pH ()·82 ()·88 6· :)8 6 · :i~ o·6l 6·28 

Digestion +++ +++ + 0 0 0 
pH 7·42 7·:W 6·8 1 ()· :32 o·25 ii·7:) 

~- [);';:i;,, I +++ +++ +++ + 
I 

(+) 0 
7·32 7·20 7 ·1 2 (i-£)8 6·60 6·58 

In order to test t he sign iflca n ce of the p1·otrin: ~ug-ar ratio on cellulose 
digeshon, t wo RlJ eep (-± ancl 9) were fe<l a basic ration of QTa ss ha:-;· only . 
Simultan f'ously case in an<l mola sses \\·err a (lm inistr red 1bily through t lw 
fi stula. 'l'he rrsults aTe depid ed in Graphs 2 and :L 
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GRAPH 3 : SHEEP 9 
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'l'h e amount of molas~es giYeu \Yas rai 8ed hom 100 gm. to 150 g m . after 
a p eriod of three weeks and t hen to 200 after a fur ther periocl of 2~ weeks, 
whi le the casein was kept constant a t 20 gm. clail:Y. As will be seen from 
the graphs the r ate of eellulose digestion was maintainecl at a high level 
thToughout the first eight \Yeeks of t he experiments . 

As inclir;ated in tb e test with sugared hay already dt-sr· ribed , t he addit ion 
of 9 per cent. sugar to th e h ay cau::;ecl a m ar keel drop in the r a t.e of r;ellul ose 
digestion a fter tlw Recond week. r\ t; the aver age daily inta ke of hay •vas 
approximately 520 gm ., this repr esen ted about 47 gm. of sugar daily . 'fh e 
molasses used in this experiment ('Ontainecl 40 per ('ent . sugar, t h e daily <losP 
of 200 gm. thus r epresenting 80 gm. of 0:\Ugar. D espite thiH higher su gar 
intrlke the rate of cellulo::;e digestion "·as not effeded. 

In orcler to ascer ta in wheth er this was due t.o the easein supplemen t, 
thr latter was stoppe<l at tl1 e e1Hl of t he seventh week but the dosing of 
mola t>se::; t.:ont inued as hefore . It is d early evi(lent hom Graphs 2 and 3 
that this was followe<l hy a m arkerl drop in th e n d e of l·ellulose digestion i n 
hoth these sheep . Subsequent r estoration of the cnsei11 supplem en t <·ause<l 
t he rate of cellu lose dig-e~tion to r ever t to its former len·l. 

The effed of protein on the tol r ranre to a high sug-ar intake ''as further 
shmYn on two other sheep (Nos. 2 and 3). Th eRe aHimals had been kept 
Qn a high protein diet <'Olnprise<l of <lry lucerne leaves and casein ('Ou tinuously 
for a period of t lner month s. The administrat ion of 200 gn1. molasses per 
clay for two weeks 11 <1<1 no depress ing effed on th e r at r of crllnlosr (ligesti01i 
nor did it cause a ny diniral (ligestive (listur han('es. 

These r esults sh·o\\' t hat th e r a te of cellHlosr <1 ige,;tion is mnrkedly 
<lepressed b:v giving over 50 gm. of sugar pe1· clay to sh eep on a (liet l ow in 
protei n. ·with a high protein i nta ke on the other h and, over 80 gm . of 
sug·a r per day failed to produce any similar ritect OH <'elluloRe dig-eRtiOJl . 

TI-m I NFJ.-nDrcE 01' Pucrrm~ os C GT.Lri.OSE lhGE STION . 

I n orclel' to test the effet.:t on ('ellul ose digestion of a protein supplem en t 
to the basic diet of poor quality grass hay, o ne shepp (No. 1) was kept on 
hay only and casein dosed daily t hroug·h th e fi stula . Th e J'eRtilts are sh own 
in Graph 4. 
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G~APH 4 · THE EfFECT OF EXCE~ PROTEIN ON 
CE:LLULO~E. OIGE.5TION AND HA'i CONSUMPTION. 
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It will be noted from t he above grapl1 t hat t h e aclministration of 50 g'lll. 
of casein per clay for two weeks d id nQt affed th e rate of eellulose digestion 
nor the hay consum ption . -\Vhen t he easein was raised to 100 g m. per day 
however , t here was a marJ, ed drop in both these factors. 

This result indieatf's t hat the sudden in troduction of a h igh protein 
supplement on a diet of grass h ny m ay cause cmnplete inh ibition o£ cellu lose 
digestion. 
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TnE EFFECT OF :ExcEss PROTEIN . 

Two sh eep (K os. 5 and G) which had previously been on a low protein 
ration continuously for three m{)nth ::;, were stHldenly given lucerne hay leaves 
all liu together with 100 gm. of casein a day . 

One {)f these animals (No. 5) immediately started to consume more tlum 
1 K g . of the lucerne hay l eaves a rlay . Un the morning of th e fourth <lay 
it was found in PJ:trentis. The animal \Yas in coma a nd showed muscular 
spasms. On po;;t mortem exan1inat ion no (l efiui te lesions were discovered 
but the nnninal contents sm elt strongly of ammonia. It ,,·ould appear that 
the ntminal fiora waR not adapted to sue h a high pn>tein diet <Jnd eonsequen tly 
a large amount of <1mmo11.ia \Yas suddenly liherate.l thus resulting in the 
death of the animal. This sudden death from excesi-l prott'in following 
a poor diet is being inYe,; tiga t ed further. 

'l'he sec.ond ;:;h eep (N o. (i ) wai-l not so r,;everely aftected but the r ate of 
t·ellulose dige;:;tion (lr·oppe<l n1piclh· hom 11 to 5 '"it h subsequ ent recovery. 

N ATl" IUT. r\.JJAPTATIO.> TO HIGH l)ROTEIN. 

In onler to obtain a feed relatively higl1 in protein and low in fibre, 
t l1 e leaves of the ln('er11 e hay '"ere separatecl from the rstem:s bv means of 
a c;ieve. Two sheep (No;; . 2 and :1) whic·h ha<l previously been on a ration 
of lucerne lmy and maize, 11·ere t l1 en offered th e lucerne lt•aves od z,ih. In 
ad<lition each animal \I'M; <losed with 50 g-m. casein <laily through the fistula 
tube. Th e r eact ion of :-Jh eep No . ;~ is ~hnwn in Omph 5 . 

As shown in the grapl1 the animal took to the lucerne leave;:; rea<lil!· allfl 
1>y t h e fifteenth clay 11·as consuming over 1,800 gm. in 24 hours. The r ate 
of r ellulose digestion , however, was markedly fmppre,;secl. This " ·as followe<l 
by a l'npid decrea se in appetite so that for a period of three days t he daily 
intake was only 20 gm. of lucern e leaves . At this point the rtdministration 
of casein was di::;c·.ontinuf'<l but t he lucerne leaves offere(l as before. Tl1is 
resulte(l in a progressiYe return -of the appetite wit h t h e (laily consumption 
rising· hom au avernge of 20 gTamc; to 1,840 grams over ~~ r eriod of 17 
days . Simultaneou~;ly the cellulose digestion improYed . After 17 cla yR on 
lucerne leaves onl:·, suppl em entation with 50 gTams ('asein dailY was resume<l. 
On this occasion there '"er e 110 ill-Pfteds and hot11 the food consmnption and 
rate of cellulose digestion rose rapi(lly to Yery hig·h levels. 

The reaction of the se('On<l sh eep was almo~<t i (lenh c<d . 

::'IA'lTR.U- An.\P'l'.\TJON 01> NnEF.P TO A C HANGE o :F Dn:T. 

In th e foregoing experiw e11ts it " ·ac; slwwn that th ere \Ya s a clired 
correla t ion between the ratf' ·of cellulose digestion and the foocl intake wl1en 
t h ese fadors were stu<liecl simultaneously under the influen ce of various 
diet;:; (see Graphs 1, 4 and 5). It is logic·al to asfiurne that r eta rrlation of 
('ellulose cligeRtion n e('essitates a longer sojoum of th e foo cl in the rume11 
and that this in turn woulcl decrease t he appetite. Ji'urthermore, it has been 
shown tl1at a hig-h J·ute of C'ellulo;:;e (ligeRtion mul footl <·onRumption ra n he 
maintain ed oil wid ely differing- diets, sucl1 m; luc·em e leave;;; and casf'in on 
the one hand and poor quality gr ass hay ou the otl1er, provided that t he 
r uminal floral has hel'ome adapted to th e particular iliPt. It can , th erefore, 
be assumed that the volun tar:v intakE' of fihrou;:; foocl h!· slieep serves as an 
in(lication of the ability of th e r uminal flora to hreak clown cellulose. 
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In order to stud~· t hP n a tural n(bpbt ion o+ sh eep to c:hanges of diet 
a:; r eflec-ted in appetite, four non-fistula ::;h eep ''"e1·e us ell in th e followi11 g 
study . For a p1·eliminnry period of two anr1 a halt ,,.ePks bYo of the animnL,; 
\I"Prf' given clriecl h1 cern e le:wes and the other hHJ gra ,.;s hay only . All four 
c;heep were then offerPd both these· f eed,.; ad li /1. Throug hout t hP experiment 
thP amounts of foo<l eoHsunwtl \\"f'I'e rel'ol'll Pcl tbilv. 

It \\·a,; fout)(l thnt t he sheep whil'h ha<l Lee1 1 ron<lition ecl to the cliet of 
lucerne leases took o11l~- about 000 g·m. of gTn ss ha::;· pPr day when it was 
offered. For the first tln·ee rlays th e con,;umption of lucerne chopped by 
<lpproximately t he ::;ame ::nnou11t. Suhsequentl.v t he intake of lucern e 
gTadunlly im:rea ,;eJ to :ilJoYe what it barl been b efore th!' hav 'Nail offe1·ed. 
:Uy the end of the fourth week the anima],; wer e t·onsmning- 1,400 to 1,500 
gm. of lul'eme ll'aws in arlditiou to 200. to :100 gm. of gnso:> hay. A il the~· 
hacl oJJly taken hehYeen 1,000 and 1,100 gm. of lucerne l e:wes daily rlurillg· 
the preliminary period, tl1 e adrlihon of small amounts of grass hay to th eir 
rliet definitely stimulatetl their appetite fm lucerne leaves, due possibly in 
part to the low fi1n·e eontent of the latter . 
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\Vhen the ;;h eep that hu<l been conditioued to g rass hay were offered 
t h<' a lteLnative of lucern e l eaYes, tlw:· took onl_y behYeen GOO and 700 g m. 
lucente daily for the first three cla~·s . '1'hiR amount inneased steadily until 
at the ell(l of the fourth wee k tl1e daih intake had 1·eac·he<l ()ver 1,700 gm. 
ln addition they aLo continuecl to co~sume 200 to 800 gm. of grass hay 
cbily . 

.\ similar study ill foocl ,;elect ion " ·ns ah;o unclerta keJJ on four other 
shf'ell. Tl1ese were. pluced 011 a ba siC' ration of g1·nss h<I.Y supplemented by 
:)()() gm. of peamtt-lJH'<.tl clail.v. After t"·o ,,·eeb the pea nut-meal wa s offeree] 
ad li!J , all(] the amonnh of both feed,.; enten clail :v \Yer e n"conl ed. It was 
founcl that th e daily c·onRmnption of peannt -m enl fl.uctuatecl markedl:r in 
ea r: b ,;heep. At times onc•r 100 g-m. \Yere c·onsumed for short p eriods ·Of one 
or b\'0 da,n, after ''"hiC'h it ,,·as hahecl for equally Rhort periods. Th E' 
c·on::;unJption of hay fl udnatecl inYexsel:· " ·ith that of the conC'eu trate . In 
this ,,·uy th e ::;]wep seledecl ,,·hnt appe:ued to h e a satiRLl d ·ory diet as judged 
hon1 general h enlth and \\·eekh in crf'ase iu hodY \YE~ig-ht . 

TnE EFFECT ol' A E LUTiox OK UEr.r:L"LOSE D IG E STIOK. 

'l'l1 f' nece~~itv for Lh e Ili a iHtewtlJ<·e uf a stric·t anaerobic state for t hP 
C'HltiYation of ceilulo~f' splitt;ng- hader i:1 holll tl1e rum en has reC'ently b ee11 
,.;tnssed by Rungai P ( l!J-!(j) ancl Oall (194G) . Alth oug h the OX,Ygen h •n si 011 
in t lw nllneu mu:-;t at <Ill timE',.; be relativel.\· lo\Y , compl ete anaer-obic condi­
ti cm ::; cannot al,,·ays preYnil ;1::; aeration of the footl Llh·,; plnC'e in t he m outh 
tluring feecl.ing a nd rumination. A('(·onlillg' to \\' ashlnnn <llHl Brody (1901 J 
t i1P p ercentage of oxygen in ruminal gases (fron1 a ccnY) Ya1·ied from 0 to 
on•r I) per l'eut. 

Dtning the r:om·,.;e of thf';;e stucli es ,.;omP obsen;Jtiou;.; \Yere made on t h e 
dYed of aer:1tion on ct•llulose tligestiou. 

Jh- nJ eaJJ S of in ritro triah; i t \\'as founcl th:1t cotton threads emened 
in nm.tinal ingesta Wf're dig'estecl equ nlly 1·apiclh " · li e11 t he t ubes were placecl 
in anae1·ohic jan; or l eft st;JJHling ope11. Cellnlo,;e rlisintegration wa c; 
c·om pletPly i uhihit c•cl , hcJ\\'('Yt> r , l1Y tl1e ('Olttim1ous lmhhli11g· of air tluongl1 
t lw lllt' rli mu . 

'L'his indicntes tlJ:Jt .ce llulost• ,.;pl itti llg c;;m take pLu·t• hoth under coudi ­
t ions of stric·t anaerohiasis a1Hl of lO\Y ox_yg·en ten::;ion as nonnnll:v preYailiug 
,,-ithin t he rum e!l . 'l'he at·J·obiC' organisms suC'h as yeastfl, normall:· present 
i11 t lie nuuen, maY ]'lay an impodant J'Ole in maint.lining a low ox:Ygell 
tc•usicm , thus airling t he ac·t iou of t he c·ellulose ,.;plitting b;Jcteria. 

In onle1· to con finn t ht- r esults obtainecl in rit ro, a sl1eep ,,-as fmitahly 
C"Ouhollecl aucl oxyg-e11 c·olltinuon::;ly insufHatecl into the ruminal mass for 
a period of ten cbys . )uJ ox.vgen cylinrler \\'il S u secl ancl the g-as first pas:>ecl 
tlu·ough a wash l)(Jtt] P cllHl then tlll·oug-h t lw fistula to he introclul'ed deep into 
t he• c·on t·en ts of the nmwn. RomP d iffic ·ultY "'"" exper ienC'ecl in maintaining­
a c·onRtant fie)\\- of ox~·gen ancl on three oC'casions it \\'as fcnlllcl to haYe stoppecl 
during tl1e night. For tlw greater part of t h e experi m ental p eriod hO\Yever, 
an inflo,,· of <lpproximatPly 20 huhblPs of oxyg-en pe1· minute \Yafl maintainecl. 
'L'he ox:·gen insufflation was subsequ ently stopped hut the animal kept uncle1· 
('Onclition,; other\\·ise f'Xadl_v similar for a further periocl -of 10 da:·s . The 
ration con s istPcl of luC'el'lle hay ancl mnize througl10ut. 
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During the period of oxygen insufflat ion cotton threa <ls intr-ocluced in to 
t he rumen were digested only after 120 hours. vVh e11 the flow of oxygen 
was stopped the time required for disintegration of the threads '"as rechH"ed 
to 72 hmus . \Vhil e oxygen waR being adminiRte1·ed t he average daily 
consumption of hay amounted to 575 grams whirh in!'reaRecl to 725 g-rnms 
after stopping the inflow of oxygen . 

Cellulose digestion and appetite were tl1erefore rf'ta rded , but not com ­
pletely inhibited, hy a high degree of oxygenation of the rumiual contents. 

DISCT;SSIOJ\' . 

OYer a gTeat part of t:iouth Africa the natural \\·in ter grazing consistf.; 
of clry frosted grass, either stancling as such on the veld or after being cu t 
a;:; hay. Owing to the intense sunlight and Yer~· rapi(l grmYth during the 
summer, this matuTe dry grass rontains a hi!:rh propol'tion of cellulose while 
t he protein , phosphorus a n<l carotene l'onte11ts are usuallv deficient. In 
<lddition it is often highl:v lignified ancl emTustecl witl1 silieates so that the 
average digestibility of t he cellulose is onlY 40 to 50 per eent. One of t he 
great p roblems in stoek feecli11g' is therefore to supply minimal amonnts of 
t he essential suppl ements in c)]·cl er to lwlanl'e this winter gTazing without 
arhersely affeeting the 11tilisa tion of the c.:ellulose. 

The present experiments ha Ye shown tha t where the cliet is hig-h in cnHle 
fibre but deficient in bot h protein aml carbohydrates (starches and sugars) 
the addition of eithe1· of t hese alone in amoun ts suffi!'ient to ben efit the 
nnimal causes a defi11ite depression in rellu lose (lig·estioll. Thi s indicates 
t hat any rmpplement to a hig-hly fibrou s (liet mu;;t contain balnn!'ecl amount~; 
of both protein nnd !'arbohvrlr[lte. Tln1s it was founcl tha t cellulose digestion 
r·otlld be ''"ell maintainecl on :1 cliet contai11ing as muC"h us 200 gm. of 
molasses a day provirl ell that ut least 20 gm. of p1·ote in (c~I SPin) was g-in•n 
sim nltaneousl y. 

In individual r·ases cl eath ma.v follmY a n abrupt l'hange hon1 a lo\\· io 
<1 high protein diet. It \\'Oulcl appear t lwt thi;; i,.; ussol'iatecl wit h excessiw 
liberation of ammouia i11 t he rumen and it:-; subsequent absorption into the 
blood str eam. The majority of nnimals ho\\·e,·er, regulate their intakf' un t il 
full~' fHlapted to the ne\\' rliet. In thiH connection <1ttention should lw 
direderl to the fact that animalR with an inneasecl appeti te, e.g. during 
pregnancy and lactation , are usually more suhjed to digestive arH1 metaboli(' 
di sturbances follc)\\·ing sudden changes in diet. 

SnnLIHY. 

(1) The rate of !'ellulose digestion in ruminal i ngesta was studied both 
111 'l't/'0 and in cil7'o by a new technique in whir·h cotton threads wf're u serl 
as test material. 

(2) It wa s founrl t hat the rate of cellulose cligestion »as markedly 
influenced b~· the diet . 

(3) The appf'tite for either luc·erne or g-rass hay was directly affected 
l1y t he r ate of cellulose digestion. 
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(4) 011 a baRic diet of poor quality grass hay both eellulose digestion 
and appetite we1·e Rtimulaterl bY small amounts of sugar but markedly 
depresRNl by excessive amounts. More sug-a1· rould be tolerataed if protein 
was als-o given. Optimal <" ellulo~e digestion necessi taterl a balance between 
rendily available (·arbohydrate and protein. 

(5) Excess protein suddenly introduced after a periorl on a diet low i11 
both protein and earhobvflrate caused nuu·ked inhibition of cellulose dig-estion 
and inappetenee. 011e · case of sudden death was poRRibly assoeiatefl with 
ammonia poisoning-. 
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