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IN a previous llaper " ·e have shown that the d1-y matter consUllllJ­
tion of sheep on natural grazing- during different seasons of the year 
i;; n•1·y consta nt when t-xpressed pf'r ! power function of the weight. 
On this basis it was ('ondmled that t he plwnomenon of weight reduc­
tion in sheep dm·ing the wi nter month ~> i;; not due to a lowered <lry 
matter c-onstunption per unit of ·weig-ht, but in all probability to the 
nutritional state of the winter pasture. ln fad it seems fairly r eason­
able to assume that this depleted nutritiona l state of winter grazing 
ma)· invoh-e nutritional clefi('iencies of a ('Omplex nature, ancl that 
the magnitude of t hese <l<•fi('ieneies dt>termi11e;; the extPnt of '"eig-ht 
loss in animak Existing evidence strongly suggests the latter point 
of view. It is Ly now well establi.~hecl that plwsphoru::; i,.; dt-fi<:ient in 
winter pasture. !lowe1·er , the addition of phosphorus alone cloes not 
rt-medy the ('Ondition of weight loss rluring ~winter. This condition 
alone affords eon firmatory t-vidence of the possibility of aclditional 
nutritional defieieucies. \\" orking ou the hypothesis that other defi­
ciencies apart. from phosphorus exist in winter grazing, it was derided 
to im·esti gate the LHJssihili ty of an exist. in g protein clefi ciency. 

l t is elear, ho,,·e ,·er , that the question of a protein defi<·ieltey 
can only be :-;ettle<l by a systPmatic anal.Ysis of the entire problem. In 
other words, <lefinite kn<nl'l edge must be a1·ailalJle on (1) the ,;easonal 
protein content of the pa~ture, (2) the quantity of pasture ('Onsurnerl 
daily, (3) the biological utilization of the protein in the pasture 
<luring different season,; of the year and (4) t hP maintenance protein 
requirements ·of the animals. His onl.'· " ·hen thPse far·tor" are known 
i hat a final and <·onclusive verdict -on the question of a protein short­
age ('an be g iYen . An extensive su rYey on the e iH·llJ ic·a l <·ompo,;i tion 
of the pasturPfl in the Union of South Africa ln1s been inaug-urated 
i n 1!.);~2 and no,,· c·onducled (1939). This report includes a detailerl 
montMy analysis of the protein content of pasture~ o\·er the Union . 
Furthermore the clr~· matter consumption as well as the maintenance 
protein requirements of sheep have previously ht>ell detenniued b.'· the 
:.uthors (1!)38-:\9). In this study attention is therefore exclusively 
given to the thi nl re<]uirement namel:v the biolog·i<·al u tiliza t io11 of 
tire proteins of the pasture !luring the cliff<'rPnt st>asons of tlw ~·ear. 
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UTil-IZATION BY SHEEP OF PROTEINS IN PASTURES . 

Very lit tle work has apparently been done on the biolog ical 
value of grazing. Thus far the majority of investigations dealing 
with the protein utilization of grasses or grazing consist almost 
exclusively of nitrogen balances, and can th erefor e not be compar ed 
with the biological values obtained in this study. Sotola (1930) has 
determined the biological value of alfalfa hay, corn siilage and sun­
fl.ower silage with sheep. The average values for the respective feeds 
were 56, 94 and 67. Turk, }[orrison and Maynard (1934) found a 
much high er biological value for lucerne h ay . Their values for lucerne 
hay and clover h ay were 79 and 81 r espectively . Smuts and Marais 
found an average value of 59 for lucerne h ay "·ith sh eep . This value 
agree· except ionally well with that of Sotola. The work of Morris. 
V\Trig h t and Fowler (1936) on cattle is probably more directly related 
to this study . They determined the bio:logical values of th e p r-oteins 
contained in autumn ano spring grass. Their values wer e 76 · 5 for 
the first type of grass and 63 for the latter. It is also eYirlent hom 
t heir " ·ork t hat there is no difference in the biological values ·of dry 
or green grass of the same season . Bar tl ess and eo-worker,~ (19a8) 
studied th e effect of the differen t method s of drying on th e biological 
values of grass proteins. They found that the high est biological 
value, nmnely 67, is associated with a dryin g temperature of 300° 1". 
At a tempPrature of 170° F. the biO'log ical value drops to 62. It is 
also dear from the work of th e abo\·e authors that th e quality of 
the proteins of grass a llmYed to sun-dry is decidedly diminished 
since t he biological value under these condition s drops to !)~. 

ExrmnMEKTAL. 

Hepresen ta ti ve grazing cut during different l'ieasons of the yea1, 
was utili:-:ed for lhese metabolism experimen ts . The grass was fed 
to fiye m er ino whethers under controlled experimental conditions. 
'l'he,;e shet>p wer e first put on a nitr.ogen low diet, th e c-omposition 
of "·hich was g iven previously, and then on a colleetion period 
of 10 days on the same ration. After t his they were feel the grass 
for a preliminary perio<l of 10 days, and then suhjectell to a collet:­
iion period of t he same dura tion. Grazing was fed wi thou t any 
form of supplementation except minerals to which sheep had free 
acce,;s under practical gra:-:ing eoncli t ions . It was realized that th e 
pre~ent cond ition s of experimentation would not afford a t rue measurt> 
of the actual biological value of the protein contained in the r espec· 
tive seasonal grazings, sin ce portion of the protein may be catabolized 
for euerg-y purposes. H owever the main object in t hiH investigation 
wa s to obtain a det·ailed picture of the biological utili:-:ati.on ·of the; 
protein und<-'r tlw prt>ntiling pa.stora l conditions. 

ExPERIMEKTA r" REs"GLTS . 

In Table 1 are given the metabolism data on the na tura'I grazing 
obtained during the different seasons of the year. The metabolit. 
faeca l nitrogen and the endogenous nitrogen values are representative 
of t he nitrogen low neriod. Th ese values represt>nt th e rlaily unavoio· 
a hle nitrogen contribution of the body and do th erefore not form ar' 
integ~·al part of the unrligested or unutili zed portion of the g rass 
protem. 
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UTILIZATIO)< JJY SHEEP 01:' PRO'l'El)<S IN PASTURES. 

During July, \Yhen the nitrogen content of the grazing i s a,; low 
as 0·49 per cent., the total intal\e of this elem ent is comparatively 
speaking also Yery low . The total intake of nitrogen for the fiye sheep 
Yaries hom 2 · 39 to 2 · 01 g-rams per clay . Except for sh eep 3, the 
nitrogen excretion in the faeces is in every case greuter t han the 
nitrogen intake. Superficially these Yalues woulcl indicate that none 
of the grass protein is digested as illustrated under the apparent 
digestibility. However, if t h at portion of the faecal nitrogen, arising 
from the body is subtracted from the total faeeal nitmgen, it wi'll be 
seen that in reality 77 per cent. of the prote in contained in the 
grazing cluring .T uly is digested. 

Schneider ha s shown that the metabolic faeca l nitrogen conilists 
of t"·o portions, namely that " ·hich is proportional to the dry 1natter 
intake and a second portion wl1ich is dependent on the ,.-eight or 111 

other words of endogenous n ature. The second portion would, then~­
fore, becom e more prominent uncler submaintenance conditions as 
is reflected in practice on grazing during the winter. Due t·o the 
relatiYely low intake of protein during the winter months, the meta­
bolic fa ecal nitrogen becomes more prominent, and makes up a larger 
vroportion of the total faecal nitrogen than during summer conditions, 
when the pmtein intake exceeds the maintenance r equirements . 

Sheep nuder winter conditions of ~Tazing as represented by our 
;r uly figmes utilize the absorbed nitrogen ''"ith great efficiency as 
shown by the biological Yalue of 83. This can be expected since these 
animals are definitely on a very low level of protein intake. The 
absorbed nitrogen is in most cases insufficient to supply the daily 
unavoidable losses of the body resulting from the end.ogenous proto­
plasmic activity. The result is that these sheep are continuously 
labouring under a complete uegatiYe nitrogen balance, as indicatecl 
in the Table. 

\Vhen grazing conditions improve in the early summer with 
the coming of the first rains, the nitrogen content of the pasture 
responds immediately and attains an average value of 1 ·44 per cent., 
as sho\Yn by the October fig ures. Conc-omitant with this marked 
improvement in the protein content of the pasture there is also an 
equaUy marked change in the nitrogen 1netabolism of the sh eep. The 
total nitrogen intake increases from approximately 2 · 3 grams in .T uly 
to approximately 9 ·2 grams in October. The apparent digestibility 
during the month is 60 and the true digestibility 85. The absorbed 
nitrogen available for utilization is no\\· about fhe times as great as 
during July conditions; and very decidedly above th~ maintenance 
requirement of the animals. Consequently the nitrogen is not utillized 
with such efficiency as during July, when the level of intake was very 
much lower and a protein shortage existed. The biological value 
obtained under October conditions is 60, which is not comparable 
to that of July, due to the difference in level of protein intake . How­
ever, it is cllear that sheep during this season of the year is in a 
complete positive nitrogen balance. In fact it is doubtful if mature 
sheep could utilize a higher level of intake than that of October 
grazmg t<, any greater advantage. 
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n. H. S~ll- TS .\:""JJ .J . S . C. ~l.ll t.-\1 .-.; . 

During Jamn;·_y t h t- 11i trog-e n c·on teJJ t of the p asture which has 
1 each ed a m ore adY;Jn red ,.;tate o f g r01dh hn~ (lr·oppecl to l·] 7 pP r 
c-en t . Thi s int a ke of n itrog-P n i s, n,; will be sren from t lw mt> h:dlOl i~ nl 
data, acl.equ nte for t he norm al protei n rE'q uin'men ts o£ a dull merino 
,;h eep. 'l'he prot·ein (·ou tainecl in t h e g rn;.:in g- clurin p: this month is 
cli g·ested to t h e sam e· P.:dent :1s that o£ Odober. Th e <1Yer age apparent 
digestibility i ~ :J l <ll ld t h e true digestib i lity 88. D11 e to the slig·ht 
decrea se in protei n c·o ntc-•nt o{ th e .] a nu ;lr_v pasture in c-Olll]l tl ri ~ml ,,· it h 
H at of ( lctoht>r, the re i ~ n atura lly a n lo rr effi cient Jt!ili ;.:nt ion of tlw 
el em e n t dur in g- .la11ua ry . 'l'hr aYPragr h iologic;ll Y;du e i ~ 7-±, c-O IIJ 
p ;n ed wi th (i:! cluri ng· (ktolwr. 

ln Atni l , ,,·he ll ti te gT:lzil ll-'," h : 1 ~ almost ;1pp roac·hed the wint e1· 
f; t.a te, it ~ ni t rog-r n c··oldc•nt Ita ~ cl ropped r;1 p iclly a nd a ,.c>r ;1ges 0 · 1:1 
p e r cl' nt-. -:\n r> rtlwi Ps~ it is still s lig h t ly he t tt>r t h;~11 tl1P July g-ra;r.­
iug, ,,·h ic·h r<·prc·sen h gTa ;r.i ng c-o ndi t ion s <l ur i ng lllicl - \\·in trr . D m·i ng­
Ap r il t h r tota l fa r c-al n itToge n Ye r~- nearl y ap p roac-h e~ t h;~ t of t h e 
tota l nitrogt'll in ta ke·. The appa rt' llt cli ge~tih i l ih of 12 JWr r· t> nt. 1'. 
liowe ,·e r , ,.; till bette r than t he 2 p t> r ceJd·. nbtniJw<l un cle r .Tul.v r·o ndi-
t ion s . I t i~ e ,· i<lent t ha t under .\ p r il con <l itinn~ of gra;r.i ng, tlH~ 
pmte in intal;e Ita ~ ;tg a1n llr·opped h t> lo ,,· ln a inh:O IIa.n n • i]p,·r l. 
Con sequently r flit ·it> n t ut iliza tion i ~ ma <l e of t he 1nrngTe (]U<udit ir,; of 
a b :sm·bed nitrog·en , ;1s i ,.; ,,-it nc>s-;rcl by t· hr aYe rage hio logi<"<tl Ya l ue of 
82 obtai ned fo r tha t· p e riod. .:-\ s \mulcl lw PXJH'de ll h o m th e <lna l y sis 
o f th e mehholi~nt rlab . -; herp an· rl efini te l~· i11 <I n eg-a ti n> n it rogp n 
balan1 ·e . 

J) LS CTS,; IO .'\ . 

A fp ,,· point~ o f pra <· ti cal and s<"ieu t ifil' in terest ari se fro m a 
con sicleration of tlw data. First ly t h er e a p p rars t o b e a stri kin g 
r orrelatioH b l:'hYePn th e ni t rog-e n <·onte nt of t. li e pa sture, the ap pa r­
ent di gest ibi l ity anil th e bi ologic-a l Yalu c> . J.n t l1 e fo rm r r case t he 
r elation ship appears to hP <lirec t or linear , '"hile i n t il (' latt e r case th t> 
b iolog ica l Ya h1e a ppe;tr;; t o he inYer~ely rela ted to t II e prot l:' il l con trn t. 
Thus ,,·ith a nit-roge n co nte n t of 0 · -1-9 per <·l:'Jl t. , t he appa ren t d ig·es t­
i hili t _y is 2 p er <" ent. OJl(l th e biologi cal ,-,due 83 . \\ ' it l1 a nitrog-e n 
content of 0·19 pe1· <" e n t., t he apparent d ig-e,.; ti b ility i ::; 12 pc>r cent. 
a nrl th e oiologir al Ya]ue 82 . rn .f;tllllaJ'.)" th e ni trogt' ll ('Ont e nt. is 1 · 11 , 
t hl' a ppa re nt digestibilit y 51 an d t h e bi olog ical nlne 74, while tl1ese 
fig ureR in t h e above order i s 1 ·44 p e1· cen t., (i() p er cen t . a nd 62 for 
Octobe r. F rom th is r e lation sh ip it appears possibl e to a rrive a t. 
aYerage fi g ures for cli geshbility and biologica l ,-,due, if th e p rote in 
conten t o f t he p asture i ti known . 

.Secondl,,· i t i::; int er e,; tin g to n ote that d uri n g p eriod s when tl1e 
prot e in conte nt· of the g- razin g is lo,,·, t he m etabolic f aeccll ni t rogen 
r epre;;en ts a g r eater p1·oportion of t h e t ota 1 faecal nitrogen than 
during period s of hig h er protl:' in intake . It i s b elieYecl th at the 
endogeno us portion of the m etabolic fa eca l ni tr ogen , which is ass u1n ecl 
to h e co nstan t pe r unit of we ig h t, becomes m ore eYident, as Schnei d er 
h ::~s shown uncler submai11t c> nance condi tion s . 

Thirdl,v , it i s o..,v ident from t h e m etabolism data. that a lthou gh 
~heep u t il ize the pro tein of th e g-razing in April a ncl July with g reat 
effi cien cy, the total in take of this el em e nt is newrth el ess i n arl equ atc> 
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to su]Jply th e mainte na nl'e needs of m ature :;heep. From October to 
J a nuary, however , t her e is no shortage -of protein in t he pasture . Tn 
fact t he graz.ing during these mon ths supply am p le pro tein for m a in­
tenan ce and g rowth. From a pract ica l anima l h usbandry point of v ie w 
it is, t herefore, essentia l th at the protein deficien cy prHa1len t in t l1 e 
graz.ing frolll April to September be scientifif'a ll,\7 a rHl economically 
r t>c! ifi etl. 

S D O L\RY :\.XD Co:---cLusroxs . 

Uy m ean s of contro ll ed metabolism experi1n e nts it was shown 
Uwt th e biological value of t he prote in s i n the natura l gra:~. ing of t h e 
Tran ~ \· aa'l varies ac0orcli ng lo tl1 e season of t lte yea r . During Apri l 
Uw a\·erage biologica l value is 82, and during July t h e value obtained 
i~ K:l. \\'h en t he nitrogen l'Onten l of lh e paslure inc reases, th e 
hiologic:1l \·alue der-reases. T11 October th P aYerage bio logica l \·n lul' is 
(i2, and in January 1-±. 

I t has been ::;hown by means of l he abo\·e datu t.!tat th e re is a 
pro!Pin defi cien cy in the p<llit ure rlurin g the f' ntin: win ler , starri ng 
in April and concludin g rcmnd :1hout .\. ugust or Seple rnhe1·. 
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