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'l'iia t t lw mai11l e n:mce n·quin·ment of 11i tl'oge 11 of an a nirnn l 
L"nn b e m ea s ured liy the total ni1 rog en t>:>;<·J'e1ion in the u ri n e aft er 
i.lll' e1doge 1wu s ll·Ycl i ,; :1tl;1i11 ed, i s n o11· ge 11 L0 1a ll .1· ;u·ct·ptefl. 011 
t lii ,.; h;1 ,; is, tliP e udogenou :> 11i.trog·l' 11 exci-dio 11 of rna tu1 ·(· s h ee p 11·a s 
lltP:i s urPd (Smuts :ind .Jla rni s HJ:38) a nd the r l'sull s 111lnpre l1 •<l in 
rp\;\tion lo lite m;1 i11 ! e11 ;111ce r eq11i re 111 enl of prnlein. H(i1n·Y e r , i t is 
e1· i<le 11 ! from t h P literature that th e i·elat ionship hl·I 11·e e11 the 
ondop: t•1111us nitrog·pn and hn ,.; :il lll l'laho li :> m e ,; l'ablis he cl lff Srnub 
( UH.) ) for 111alurP anirnal ~ may ul w hold gon<l fol' ym111 g 'ani u1< tl:;. 
Du Hoi , ( l !J \fi ) 11·illt liu111<1n h e i ng s, Dt·ip:hlo11 (1~J:l4 ) 11ith pigs , 
.JlitC'hPll ( llJ:!(i ) \1·ilh rnb, anc1 Hi lzma11 ;md D erll'llil't ( l ~J:30 ) 11·ith 
:s ht•t•p. li :i1·e .-d1m n1 l h al t he ba sa l 11te ta holism of i1111l!alun· ;1 11illl :il,; 
i ~ i111·;ll'i;ih l .1· lii g l11-' r than t ha1 of m;i111re animals of Liu' sarn e :s pec ies . 
(Jn l h t· olhPr hand, frl>rn daia of TPrrniu e ( lG:n ) 11·itli rat,;, it ;1pp ear,.; 
l lia t 1\it · l'ndog·e no11 ,; nitroge n lllt>laliolis n1 r p;1ds in l'he ,; ;rnie . 11·u.\· 
a11d fo!I011·,; the sanw µ- erwrnl trend as tl1e b:1,;a] rn e biholi ,; rn. 
Co ns eq11<·11t ly i t folio\\·;; that the t• 1Hlop;e nou :-: nitrogPn lll t> Liholi ,; lll . 
;111,\ t h l' rdon· th e maintP11anl·t· J' e l[U iremP n t of proh·in for i.mrn;1ture 
~ ilPl-' P 11· i\I Lt> gTe nl e r t li:1n tli :1t a ln·;1<l ,\· e ~ labli ~h c ·d li.\· u ~ for rn;ilure 
.~ lit• t •p. 

1 11 !hi ,; st u cll· ;Ill pffort \1·a s rnacl e lo mc·a :s ure t l1 t' l 'ndug·P!1ou~ 
nllrog Pn m e lahol°i s 111 of you ng· sh <'op with a vie1Y io e,;1a h li~ liiu g 
thPir 111;iint Pn<11w e rt•qu irem e nt. 

Xin P ,\'Ouup: :Jlnino 11·etlwrs np proxirnately four months o f ;1g·e , 
nn<l \Ycighing frorn 17 lo 28 Kgms., ll' e re utilize rl. T h ese s h Pep 
w pn· ru t for :j 1n•Pks 011 ;1 :s lan<lanl rnt ion cn 11 tn ini11g J .+ p er c·c·1it. 
lucerue p rntPin . After l he termi n at ion of this prPlilllin rtr,\' per infl , 
tlw v ,1.N P r PrnoY Pd t·o t h f' nwtabolis rn r a g ea and vut on rt nitrng·eu 
low rn t io n , th e compo,;ilion of " ·hi('h is the s nme ::i s preY i ou ~ J ., · 
·desnihrd b,v 8rnu1,; a nrl ~i:nai s (1 ~):18). It 11·a s, ho 1YPYl' r . foun d 
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ENDOGENOUS NITROGEN METABOLISM OF YOUJ'\G SHEEr. 
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necessary to include 10 per cent. of wheat straw and to reduce t he 
agar to 15 per cent. in order to ensu re a high enough food intake 
to cover the energy requirements . By this methocl it was possib le 
to st u<ly t he complete curve of nitrogen excretion . 

ExrERIMEJ'\TAL H ES'GLTS. 

Curves representing t he total nitrogen excretion in t he urine 
of the 9 sheep or:. a nitrogen lovv ra tion are given in graphs 1 ancl 2. 
I n comparison with matnre sh ePp kept under the sam e standard 
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D. Jl. S MU TS AJS"D J. S. C. )[AHAlS. 

conditions of feedin g, namely 14 per cent. lucerne protein, there 
exists a disti11 ct difference in the nitrogen elimination, when pl ace c1 
Ull a nitrogen low ra tio n. vVith mature sheep, it n-as noticed that 
after the initia l sh arp drop in nitrogen excret iou on the first .. fay, 
there was a further prominent deerease up to the eighth clay. 
Thereaf ter t he decr ease was more gradual , mid such t hat the 
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E:\JJOGENOt;S NlTlWGicl'i METAilOLISJ\1 CH' YOUl'iG SHEEP . 

endogenous level was only r eaehed round about the 14th day. vVi t h 
yo ung sheep, as will be seen from the g rnphs, t he position is very 
different. There is in each case the eharacteristic sh arp drop in 
t he nitrogen excretion the first clay, wit h a very gradual reduction 
up to the 5th or Gth da y, when in nearly eve1y case the endogenous 
level is attained . From there 011wards the curve representing the 
daily uriuary ni trogen a lmost assumes a straight line representing 
a very conslallt output. 'rhus th ere appears to be a rlistinct 
<lifferen ee in t he amount of nitrogen stored by the actively g rowing 
sheep and t he non-growing or mature sheep. Such a <lifference may 
be expected on the ba sis that t he growing animal needs in addition 
to its maintenance requirement, a substantial portion of the avail able 
nitrogen for tissue synt hesis, leaving thus a mur h sma ller fraction 
of the total nibogen in take for reservation. 'rhis statement is 
endorsed by the fad that mat m e sheep on an 8 per cent. lueerne 
protein rntion for 3 months, attain their endogenous level after G 
days 011 a niirog1,•n low ratiou, in cmnparison with 14 days after a 
14 per ce nt. luc;erne protein ration. This indicates, t hat at the 
high er level of protein feeding almost twice as much nitrogen wa s 
available for storage as at the lower level. 

The ell'dogeuo us nitrogen per unit weight in accordance with t h e 
general view, is higher for young sheep than for mature ones . The 
avera ge figure recorded by us for mature sheep is · 041 grms. per 
Ko' weio·ht while for immature sheep the averao·e fio·ure obtaiued 
in'"' .tl1is ~tu ~l y is · 051 gnns . per Kg. Expressed on ° the basis of 
utifomble protein these fi gures per 100 lb. 1r eight become 11 · G 
gnns. and 14 ·4 grms. protein . 

111 trying· to find a ge neral method for estimating the protein 
n·qnirernents for rnaintPnance, it was stated in an earlier paper 
I S111ut s and Marais (1D38) l that the formula adopted by Smuts 
(1935) for the predic;tion of t h e protein r equirements of mature 
animals of rlifferent species could be applied to sheep. However, 
aft er assembling all t he data thus far obtained on the ell'Jogenous 
nitrogen excretion of sh eep, it was found that t he percentage 
cl eviation from th e determined valu es by the appli cation of the above 
formula cou ld be decreased 1 ~onsiderahly by the intmduction of a 
different consta nt . In Table l t he data perbining to the endogenous 
nitrog·en det ermin ation s are tabulated. From these figures a value 
for ~- in the formuila P = PiV · 73 '' ha s been establishecl. As will he 
seen, t he sa me value for k was obtained for mature and young sh eer> . 
'rl1is value was th en introduced into the formula anll the utilizabl e 
protein pn•dicted, as shown in column 6. In column 7 the 
perce ntage deviation has been determined . For m ature sheep this 
<leYia ti on is on:Iy ± 2 · 5 per cent., and with young sh eep ± 5 · 4 per 
cent. The rnagnitu<le of these deviations is consider ed exception a ll y 
small and mu ch lP:;s than the devia t ion when the general formula 
P -~ ·88 \V· 134 for different species iR applied. Con,:e1 uently the 
11 e1Y formula P = ·74 vV · 734 appears to be better applicable for 
the e8timation of the protein requinnnents for m aintenan ce of mature 
m: 1Yell as :voung sheep. J11 this formula P equals utilizabl e prntein 
an d \\' wPi g-h t in K g-m. 
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TAULE 1. 

Fornwlrz for Predicting the Endogenoils Nitrogen (P rotein) of S heep. 

Animal 
~o. 

2 
;3 
4 
;) 

7 
8 
() 

10 

LA 
2A 
aA 
4A 
ii A 
GA 
SA 
VA 

l OA 

Weight End. N. as 
in K gm. Dotormined. 

44·5 2·03 
40 ·0 1·81 
37·7 l · 72 
42 ·0 l ·84 
:rn ·O 1. 72 
40 ·0 1 ·76 
44·0 1·79 
f\(). 0 2·01 
40·0 1·75 

AYcra.ge .. 

17 ·907 
20 1·02 
22 I ·00 
JS ·930 
23 l· :W 
22 1 ·23 
:W 1·34 
:!i\ 1·33 
28 I ·40 

Average ... 

End. N. 
Expressed 

as 
Protein. 

12·69 
11· 34 
10 ·75 
] l ·50 
10·75 
11 · 00 
ll · 19 
12·56 
10·9.5 

YOT-NC: 

5·67 
6·38 
6·25 
5·81 
7·48 
7 ·69 
8·38 
3.;34 
8 ·75 

Average of Total. 

Percentage 
Valuo kin End Protein Dm-iation 

P = kW· 734 P = · 74 vV· 734 from 
Value. 

. 78 11 ·99 ;)·5 

. 75 ll ·09 2· 2 
·75 10·62 l · 2 
·74 11 ·50 O·O 
·73 !0·89 -1- I · :3 
·73 11 ·09 0·8 
·70 11 ·90 + 6·4 
·72 13 ·07 + 4·06 
·n 11 ·09 .J... 1·3 
·74 ± 2·5 

SH r:F:P. 

·7 1 5·92 + 4·4 
·70 6·67 + 4·5 
. 6i\ 7·15 + 14 ·4 
· 70 6· 17 + 6·2 
·75 7·3() l ·2 
·80 7·15 7 ·0 
·77 8·09 3 ·:) 
· 79 7· 86 5·4 
·76 8·54 2 ·4 
· 74 ± 5·4 

· 74 .J... 4 · 4 

In 'l.'able 2 the utilizabl e protPin, cligestible protein, and the 
m1rnrn um energy requirements (basal metabolism), ha Ye been 
pre<li<.:tecl. 'l'he utiliza ble protein is directly calculated by means of 
the above equation , whil e the digestible protein is ca lculated from 

TA"BLE 2. 

Prediction of Maintenance R equ£rement for Prote£n for Sheep. 

Weight 
inKgm . 

15 
20 
30 
H5 
40 
45 
!\O 

Weight 
in tb . 

33 
44 
66 
77 
88 

100 
llO 

Cti lizable 
l'rotein 

(P = 74W· 734 } 

5·40 
6 · 67 
8·94 

10 ·06 
11 ·09 
12· 10 
13·07 

Digestible 
Protein. 

10·80 
13·34 
17 · 88 
20·12 
22·18 
24·20 
26· 14 
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Basal 
l\Ietabolism. 

Cal / day. 

432 
534 
7li\ 
805 
887 
968 

l ,046 

Basal 
i\!Ietaboli~m 

Cal/per K gm. 

:W 
27 
24 
2:3 
22 
22 
21 



ENUUGEXO l· s .'\lTlWGE." 1LJ~TABOLIS:}I OF YOU!iG SHEEP. 

t he utilizable protein by :1ssuming a biologiral value of 50. The 
luttel' assumption naturall y proYides for a fair margin of safety , 
sin ce al rnainten anee leYel 11·e haYe not experien ced a biological 
value as low as 50. 

The . basal inetabolism is cale 11 lated by assuming that the 
relationship of 2 mgm. endogenous nitroge n or 12·5 mgm. protein 
is equiYa lent to on e Calorie of bn ;,al heat. · 

lt is in teresting lo note t hat t h e digestibl e prnte in require 111 eut 
as p re<lided by the g eneral equatio ll of P = ·88 \\' ·"" for a 100 lb. 
drnep is 29 grams, by the 11ew equation 24 grallls , aud al· c·onling to 
ATrn sby (lDli ) 27 grarns. Xaturally .\rm sby':s figure ho l<l s good for 
<Ill} rnt iou, whilP th e figure obta in ed in this study will lw greatp1· or 
ti lll ;dler de pendin g 011 tl1e biologil:al Yalue of the feed. 

The hasal m etabolism in column 5 a1Hl e.s:presse<l p er Kg. 
" ·eight i u eoluulll G is i nteres ting iu Yie 11· of t he fa ct that i.t a llO\rn 
for an e;i sy rneans of pred idi ll g the min imum pnergy requiTerneut. 
A 100 lb . s lieep acconling to our cnku latiow; \l'O Ul<l lrnYe a basa l 
metabolism of '.22 Calol'ies per Kg. 11·eight. This figure l:oi11 cides 
\\"ith t he a w n 1ge Yalue of the \ V-\Y wethers . ,,- 2-5, vV2--H , vV 
2-12 and \ V 2-G of Lin es and Pier ce (1931) . Their average value 
for t he four sheep \\·eigh ing fro m 41 to 52 Kgmi:; . i s 22 calories per 
Kgm . Ilit zma n and B eneclict (J.930) obta in eJ. an average value of 
27 calories p er Kg. which is sligh tly higher than our figure. These 
sheep , howeYer , \\·ere rneaslued for their ba sal metaboliRm 18 to 
37 hourn after 11·ithdr a 11 al of food and may probably not have 
reached the post ahsorpfrrn condition. Armshy (1917) on t h e other 
haud , ba siug his calculation s on the \rnrk of H enneberg and K ellner, 
arrived at a Yah1e of l G calo ries p er K g . 

For the EE lamhs of G month s of ag·e, Lines and Pie1Te (]9 '.-Jl ) 
ob ta inerl an average Yaiue of 36 calories pel' Kg . rrhis vnlue is 
high er than onr predicted va lue of 29 calories . However, it appears 
from t h e work of the above authors that the 1111 tritional leYel of 
the animal or the seasonal changes in pasture may effect i he basal 
m etaboli sm. The seasonal effect is (' laim ed to lie Llu e to t h e change 
in prnte i n ('on tent. Th ese for-tor i; may therefore partly be responsible 
for our lo1n•r endogeuous nitrogen a 1Hl con sequ ently a lower pl'erlictPrl 
fi,u·u re fol' th e hasnl m etabolism, s irn ·e onr sh eep were kept on n low 
l r \·el of pro tein for a cm1 sidPrahle tirnr. 

From the basa l m ebholi sm fignres of Lillf's and Pierce (1 901) , 
and Hit znrnn a ncl Benedid ( 1930), and our ca lculated valu es from 
tlH, ( ~ ndogenou ~ nitrog en, it appearn t hut a V(' J y definite r elatimudtip 
exi»Ls betw<>en th e b<t ,, al rn eta bolism anrl th e e ndog'euons 11i trogen 
111e t:tbolism in sheep . S11ch n r r lationship 'rnulrl in fot tin' Le of 
(;Onsi derahle 1·alu e in nssessing th e ya]m' of eith er of i hr sr e11tities 
onee 1 he irn1gniturl e of one is kno1Yn . 

su~H[ARY AND CoKCLU SION S . 

T n a strnl y on the en clogenous nitrogen excret ion of i.mm a turc 
sheep , it 1Yas founJ that young· sheep r each their endogenou s level 
on the Gi b clay , after kn·inp: been on a st a ndard rntion of 14 per 
u·n t. lucPrn e protein . The enclogP11n us nitrogen excretion was fo unll 
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1u be hig her than in rnalure sheep , the av er age 1·,tlue fo r .f rnunt hs 
old welhen; lwing- · 051 grms. p er Kg. A formula for estim ating 
the main lPna 11< :e r equirenH··nt of sh eep wn s d<·Y ise tl and it s applica
tion teste(l. H " ·ns nlso .-; ho1,·n t h at the basal rn eia holi srn of sh eep 
can be predicted from 1 he <·ndogeno us K, an 1l t l1:1 t t IH! figu res 
arriYr <l nt <lp-ree Yrry \1·ell " ·i t h th e ,-;d u es reporterl i11 Hw liternbt1P. 
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