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REQUIEM 

On L1onday, \Vhen the sun is hot, 
I wonder to my self a lot:-
11�fovr is it true o1� is it not 
That whe.t is which and n�1ich is what?11 

On 'luesday, uhen it hails and snows 
The fee ling on me grovrs c:md grows 
That hardly anybo dy knows, 
If those are these c.md these are those. 

On .:ednesdny, when the sky is blue, 
iUld I hc.ve nothing else to do, 
I sometimes wond er' i:f it s tr•ue 
'l'ha t \Jho is vrhat and rrhat is who. 

On 'l'hursday, when it s t&Pts to f'reeze 
l1nd hoe:.r•-fros t tninkle s on the trees 
IIow very readily one sees 
'l'hut these O.I'e VIllose - but vrhose are these? 

On 2.•'riday 

• • • • •  A. A . rii lne 
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CHAPTER I 

INTRODUCTION 

1. GenePe.l 

2. Scope of Study 



INTRODUCTION 

1. GENERA� 

Con sidel'able interest has -been sh own in the la st ten years in 

the early ;veuning of li ttePS from the sow before they reach the 

11tl-.adi tiono.l11 8 week weaning age. The attention of commercial 

pig producers o.nd research v..ror-.kers has been drawn t o  the possibility 

of ir;ll_:JI'ovin..g the effic ie ncy of' the reproduc ti ve phase of pig :pr•o­

duction, by the use of ec.rly Yre&ning teclmiques • 

.:\ nur.1ber of El rgurnents have oeen e..clvanced in s u:t:.-port of the use 

of tllis J,tethocl. ��amely, t hat the feed. consumed by the litter 

directly :from the trough, is conv erted more e f:fiG ien tly them the. t 

fed. thl'our.:;h tb.e sow on cl tb.a t sovi vre ight losses are reduced c:.s the 

lactc:.ti on c ri od is slloPtened. li'w.-.thermore , in cm:m tries where 

feed is c.vs ilcble all the year round, ee.rly v1eunin2: cc:n be used 

as a. r,Jeo.ns oi' improving the yroductivi ty of the sow by incre8.sing 

the m.lmber of lit teps bor'll each y e8.r. 

In 1;'ew �ealo.nd, dairy by-products consti tute the bulk of feed 

used f01-. pigs. 'i'he out1Jut of these by-products is seasonal , th ey 

are p er ish sble in nature and are produced irrespective of the 

requirements of the pig herd. In terms of the most effic ient 

production Vfi th a minimum of' vvas tage of feed, early weaning allows 

the planning of more sui table i'arrovving dates and balance of stock 

numb ers , to fit in with the supply of food. 

This interest in early Vfeaning has pi•ovided a stimulus to 

studies on the nutrition of the y oung pig and the formulation of 



2 .  

s u i tab le pos t we&n i ng die ts. 

These s t·o.dies have indic ated that lac t ose i s  the prefe rred 

source o:f e n e rgy ove r  the other c arbohydN:t.te s during t he first 

feu ueeks of life . 'l'his would SL;_geest that foo ds tuf'f s rich in 

lactose , such as 11hey, might be "LlSeful for peal�ing young pigs. 

· .. 11cy i s  produc e d  i n  J.Jew Zealand in qu nti tie s  f'ap in exc ess 

of i ts demand foP pi.?: f'ee di ng 1mr:pose s . Conseq_uen tly a gPowing 

whe y  di S};josal lJ  roblcm coni'Pon ts mo..ny ch e ese and c c:,se i n  m<;nufc:.c t-c.wers. 

'l'he concent:;:'c.t ion of some of this s 1.ll'"':91UB has been cD.rried out by 

a fevr :Jr·.iry Com:·nmies in the hope thc:,_t the dl�ied lJPoduct c ould be 

consel'Vec.1 for locn.l <.::.se c.ncl expor't. 

11110\Iledge on the ttse of c.1:i."'iec1 nhey lJPoducts i n  pig feed ing 

i n  Ife·v'l L:ealand, is l irni ted, although sort1e loc c.�l c..nd ov e rs ee.s trials 

have indic&ted tll& t the young �)ig C£:U1 tolerc:. te hi ghe r levels of 

dPied v.rhey tlK.n at lc:.tep st::: ... ges of' [;POVJtl:l. Furtherr,1Qre, the high 

l�r oduct i on costs of \Illey pov1der in l'. 3. , r.wkes it addit ionally 

il ,lportcll1t th&t this lmo-.7ledge be extended, s o  as to de tePmine the 

condi tions 1.:mde l"' ·11h ich the pPoduc t mi..lS t be used to r ec:'tlize i ts 

maximurn vo.lue . 

The pre s ent t ria l was des i gned to obtain inf or··, ati on on the 

effe c t  o:f different l evels of s ubs titut ion of lac t i c  cas e in whe y 

powder for barley me a l , in an eaPly weaning mixture for y oung pigs . 

Compar isons of rat es of gain , feed convers i on e ffic i enc y and 

thr i ft of the animals on the diffe rent e xpePimental treatme nts , 



were supplemented vrith data on the apparent die;estib i li ty of feed 

c onsti tuen ts. 'l'he se digestibili ties rrere deter•mined by the 

chromiuri1 oxj_cle refePenc e-marker technique. Obsepva tions vrere 

made on the UBe of this method in pis; nutroition studies, and 

results and discussion are presented on the c hemic t=,l analytical 

proceclm'es used. 

�urther observations \1eroe made on the managei!1ental fc:.ctoPs 

i nvolved and the feeding ho.bi ts of ;srmmg piss fed vrhey povrder 

in their mes.l mixtures. 



b\.HT I 

:.t-.;RT III: 

CHl\PTJ:GR II 

'l'llli HU'I'RIT ION Ol•' 'l'llli YOUi.,TG PIG 
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REVIEW OF LIT�r.ATURE 

Pli.RT I: TH..-i: NUT _H'fiON Oli' Till YOUi�G PIG 

1 • Ii.T'l'RODUC'l'ION 

'rhe pig, by c ompa:ei s on with other spec ies of farm lives t ock, 

is o or•n at &. :ee lative ly early s tuge of its develorment. For 

exampl e , at -oir ti.l the J;)ig weighs l ess than 1�& of the a.verage 

c..dul t size r11le rec:.s the foal wei!:)lS a.bout 9;� of the &vera.ge adult 

s ize ( Drc.L.l.Je -l95L�). 

�he in:.bse�_uent rapid. e;rorrth rE,te is lllliq_ue. At birth the 

averc..ge l.Ji clet l·rci£)13 bet·.:een 2 i  and 3 1 bs ( 3e llis , 1957; Duncan 

and Lode;e , 'i 960) und at G neeks of age may \Ieigh .50-60 lbs. 

It is thus no v1 ondeP that the young l_)ig is extr·emely sens itive 

to  inadequacie s in its  nut:L .... i tion and environment. /m adec.!.uate and 

balo.nced supply o:L nutrients o.re required to support such ra.pid 

growth. 

The gro�th rate of t he young pig depends large ly on the 

dige stible energy intake from its  feed. -,1i th suckled pigs, 

this vrill of cours e depend on t he energy yie ld of the s ovr 's milk. 

Braude (1954), Lodge and Luc as (1956, 1958), Smith (1952, 1960) 

and others h<:,ve reported that the s ow's output of milk so lids 

decline s markedly from about the 3rd-Lj.th we ek of lac ta ti on. In 

the  abs ence of any o ther source of di etary energy, the gr owth 

rate of the lit ter can be expected t o  fall off. This is illus trat ed 
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Line 1 

Line 2 

Line 3 
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KEY TO FI GURE 1 

GROWTH CURV�S AND FEED INTAKES 

OF EARLY 'vVEANED P I GS 

(Lodge and Luc as, 1958) 

Early weaned pigs, ru11-�ed. 

Early weaned pigs, restricted �eed. 

Sow-reared pigs, not creep �ed. 



s. 

diagpamo.tica_i.ly in Pig. 1 from clata com:t)iled by Lodge and Lucas 

(1958) from a trial vthere no alternative sou rce of energy to 

sou' s miD<>: nas given. 

Berse und Indreb� ( 1953) showed that the young er the piglet, 

the more v�luc.1.ole rras miDc from the darn. The weight increase 

of l) i c;le ts cl\:tring the fips t and second rJeeks of lactation, rep­

resented 60�� of the calol"'ic content of sow milk; during the 

third ueek 36/6 and c1u.ring tlw fourth only 28�b. 

'i'i1is facto I' rro.s furthel� clarified by ;�rc.ude ( 1954) who 

found the:. t up to , _ _  -oout 3 weeks of t::·.ge the growth curves of 

li ttel"' mates rec.,.l�ed m�tificiully on a so\"/ milk su bstitute, were 

very si1rlilar to those of m::1.tes of the sc-w1e litter reE.Ped on the 

son. ."..f'ter this time the c l"tificie.ll�r re<,Ped pit; lets ha cl n 

fe.s ter [2;POi":th rate them the other group . Braule cone luded ths.t 

pigs rec . red on the soY! received an insufficient supply of rnilk 

to en c:ole them to ::?;rorr c�t theil"' f'L1.ll lJ Otel1ti< .l l"'O.te from the age 

of 2-3 \'leeks. In this tri<:.:.l, both lots of pigs rece ived the 

same creei; feed, YJ'hich suggested t hc.t t11e milk substitu te ( fed 

ad lib ) satisfiecl a nutritional reQ_uirement not catered for by 

th e limited umount of milk the s O\'i was giving to her pigs. 

These findings have indicated the need for the feeding of 

a SUPl)lernent to the you:r1g IJig during the suckling period and 

particularly after the 2nd-3rd week of lactation. The provision 

of s upplemen tal"'Y feed for suckling pigs in an area of the pen 

called a "creep", to which the litter, but not the sow, has access 

is now corrnnonly practised in many cotmtries. Development of 
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Line 1: Energy intakes of early weaned pigs which 
reached 45 lb at 8 weeks of age. 
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2. Energy intakes from milk and creep feed 
of sow reared pigs which reached 38 lb at 
8 weeks. 

3. Estimate of energy requirement from milk + 
creep for pigs reaching 40-45 lb at 8 weeks 
of age. 

4. Mean energy intakes from sow's milk over 
24 recorded lactations. 
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Requirements f'or digestible energy from sow s 

milk and creep feed (Lodge and Lucas, 1958). 
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s ui tal)lc supplement s has s timula t e d  muc h  int e res t in re c en t ye ars, 

i n  the sr; e c i  fie nutPi ti ve J,'"' es.ui rement s  of' the youn g  pi g and in t o  

the no.ture of the delicate nutPi tional balunc e  b e tvteen pigle t and 

d am. 

I'1 r om an enePgy e fficiency point of' view Lo dge (1959) in LJ.K., 

and Smith (1959c., b; 1960) in lT.Z. f oun d tha t  :Provision of' 

su��plcm.e n t<.n'"'Y :fee d t o  suckled pigs, result ed in he&.v ie r pic;s a t  

1/e<:.ninr; t:<ncl tlF t the in tc-.J::e oi' sup},;lementary feed b y  the l i t ter 

le d to c:. • .  n incl'"'er.se in the ene rge t ic e:f!'ic iency of' l i t ter Pl'"'oduc t i on . 

0mith (1960) shm·;ed thr.t this higher e fficien cy uc..s due ( a ) to the 

lmreP \-;eight losses o:C the sorls (clc·.r:m of l itt e rs rece ivin_g no 

su�.Jl;lemen t 1 roclucecl. more mill;: oveP the lc.st f our '.Veeks of lc.ct 2.t i on 

�m_"_ los t mol'e 'Jeicht ) ; and (b) to the c;roec.ter ef':Cic iency rii t h  Hi1i c h  

the creep :2ed. e:tlCl'gy obt: .... ine d dil'"'ec tly f rom the tPough, was c on­

ve rteu to vteight S"'-ins by the littel', corn:po. red with the feed energy 

r,rhicll vvas :fed tllrou[(tl the so':r to l-'roduce milA: f or the s uc kers. In 

s ome ec-,rlier vrork Smi th (1959) indicat e d tha t  between 30 and 50;.� of' 

the f o ocl. c onswned by o. lj_t ter Uli to d Heeks of' age, c ou.ld be derive d 

:from ti.1e creel) feed . 

In a review, Lodge and Luc as (1958) pre sent e d data from some 

o f' their studies on the s e  energy aspe c t s  of c reep fee ding. Some 

of thi s data is shown in 'l'able 1 and Fig . 2. 

Several rrorke rs have referred t o  the r e  la ti onsh i p  b e t vree n  

c reep c onsump ti on by a lit te r  &nd the ir milk intake from the s ow ,  

a s  a c ompens a t o ry r e lati onsh ip . vihe the r this i s  in fact the cas e 

and rrhe the r s uch an ef'f'e c t  ac t s  automatically, is open t o  que s t i on .  



!\'lost of the fuctoPs governing the amoun.t of creep food eaten by 

u litt e r>  c�.nc1 the tir,1e thE,t the lj_ttero stc-�rts eo.ting it, are sti l l  

u.YJ..lcnmm. It is belie ved that a nwnb er of fc.c tol.,S s uch an the shape 

of the lo.ctcct ion CUl"Ve o.s rrell as palats.bili ty of the cree1J food, and 

s i te of t�1e cr·3e2_) trou gh, 

: I..ce ..:·q:J}.Jrox. 
( . :eel� b:dy rrt. 

(lbs ) 

1 /" 0 

2 9 

3 13 

4 17 

5 22 

6 2 8  

7 35 

8 L�2 

�ne rgy rec:::u.ired fro:.� cre ep feed. Lodge 

and J�uc as ( 1 958) • 

. 

�nergy • diges tib le K. CFlS' C alculo. ted --
[Daily 8UPI)lied Requii•ed Dnily .:::�.mount 
IRe CJ.Uirements by Sovrs from Creep of C ree p Pe ed 

1::iJJc ::Yeed ( �,ir Dry Basis ) 
-· ,._ - ( lb.) · -

950 950 - -

1250 1250 - -

1625 1 Lj.OO 225 0.2 

2000 1250 750 0.5 

2375 1250 1125 0.8 

2750 1150 1600 1 • 1 

3125 900 2225 1. 5 

3500 800 2700 1.8 

-

D u ring the las t ten years, cons iderable int eres t has  been 

s h ovm in the rearing of young pigs away :from their dams as  a 

means of increasing the e ffic iency of the reproduct iv e  phas e of 

pig pi•oduct ion . 

Inves tigat ions have developed along two broad l ines :-
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( a) 'l'he development of sow milk substitutes fOI' the artificial 

raisi:�g of nevlborn or vePy young pi glets. 

(b) 'l'he developr:1ent of dry raeE<.l mixtures for piglets rJeimed 

fro� 7-10 days on�ards. 

(a ) Jolu1son (1948) -...vas one of' the first to 1_.;roduce a sow 

milL suostitute. He was follm·Jed by many others . From a J.ii·ac­

tic&l point of view honever, the <:�. rtifici s.l rr:.ising of very young 

piss h&s been restric�ed to litters threatened by starvation in 

the eve::.t o:i.� death or• illaess of their dam. Dyrenclahl (1953, 

1 958) l'e}."JOl'ted the.� t B.r>tific ia.l ra i s ing of very young pir; lets h ad 

t;iven rcs·(uts comrmrnble rrith those of natm-.al methods. 'l'he feeds 

used llorrevc:::', ·,·!ere of ver•y lli;::;h �mtr•i ti on.E.l V8.lue and in cons e Quence, 

li'ul"the::."r.loPc Dyrendahl et al. ( 1 S58), GPummer ( 1 953 ) and others 

shmvecl th[,,_t the u< .. jori ty of s orrs, ev en G..f'ter their lit tei�s h sd 

been Peiliovecl c. t c.:. vePy e0.rly s-ee, would not conceive un ti 1 appr'ox­

im<:1.te ly 3 rreel(S a.fteP l-'urturi tion. 

Th e piglet is dependent on the colostr&l transfer of anti-

bodies (Fos t ep et al. 1 951) . Thus piglets that have not suckled 

theil" dam, aPe verj sus c eptible to disease. 'i'he n ewborn pig, 

which is devoid of antibodies, abSOl"'bs them vti thin minut es of 

obtaining c olostPum. Catron et al. (1958) found that most 

antibody tl"ansfer took plac e duPing the first 1 2  hours of the 

piglet's life. Under artificial rearing condit ions (from birth) 

this would be a diffic ult problem to overcorre. 



(b ) :!Yrom a p rac t ica l point of' v ie rr , ue an ing at a l ate r s tage , 

Hhe n i t  i s  pos s ib le to dis p ens e wi th s ow milk s ub s t i tute s  and f'e e d  

c.. dr y  me e:-.1 mixture , i s  a mo ::.'e s u  t is f' n c t ory p .�.·opos i tion . The 

:J/Ui'1J O S e  oi' deve l oping e ar-ly lve aninc: te c hnique s f'rom 7-1 0 days of' 

o.ge and onnards has b een to te.ke adv <.,nt age of' a s hortene d n ur s in g 

pe ri o d . - �arly r emov al o:L pig lets f'rori1 t he ir dam c an inc r ease 

the food c onv e rs i·on eff i ci enc y of' t he reproduc t ive phas e . 

Gmi th ( 1 960 ) s u�p or t ed this a rg wne nt with da ta s howi n[:· th a t  

f'e e d  c ons uJi1e d by the lit te r d iroe c tly f' rom the " c r eep 1 1  or t r-ough 

vras c onve r t e d  t•:1 i c e as ef'i' i c i en t ly a s  tll<.;;.t f'e d  t o  the n thr ough 

the smr . In .::-,cld i t ion S O\ / H e i gh t  los se s we1,e re duc ed a s  t he l c>.c-

ta tion p e l'i od s ho::., tene cl 011d the s ow s  c ould c o:�1s e quen tly be kept 

on ;� mo1,e l . • nifo21a IJlune of' nu tri t i on , l'e duc ine the amoun t of' fee d 

:Jrni th yroduc ed fur ther e vi rlence 

t o  sh ori t hat whe n lac tc. t i on e ff i c i ency a lm1e w a s  bei :r1g c ons i de Pe d , 

the f'e e d  e ne rgy re cJ..uire d  l)e r  ljOli'1cl p: in f' o r  li tte 1,s of t en pigs , 

no. s reduc e cl by a s  muc h as 301� as a r c s ul t of' r.'e aning a t  20 dsys 

L1s t e ad of' the t 1·adi t ions l 5 6  days . ...ven when the minimum ene rgy 

re quir eme nts f'or ge s ta t ion we re add e d  to those f'or lactation , the r e  

v1as a 21 �·s s aving i n  f'e e d  ene rgy pe r poillld of' gain. 

It i s  of equal impoPtanc e  in exp laining the reasons f'or these 

results , to rememb er that early vie aning can c oincide with the 

pe ri od of' fa lling sow mi lk en ergy ,  which occurs during the 2nd 

or 3rd week of' l ac tation. 

]Ur the rmore an early w eaning programme shortens the period 

b etween f'arrowings and it is thus possible to get an inc r eased 
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number o f' l i tters p er s ow  p e r  ye ar . 

�arly ue aninc; holds a spe ci a l  p lac e in p i g  r e aring und e r  New 

Z e a land c ond i t i on s . 'rhe s e  may be s urnl11ar i s e d  a s  fo l lows : -

( 8mi th 1 952 , 1 96 0 )  

i .  Dai ry by-vrocl..uct s con..s ti t ut e  t he  b ulk of' fee d us ed 

:C o r  pi gs in J.f . z . . Due t o  the j?e r i s hab le na ture of 

th es e }:Jr o duc t. s  the re mus t b e  s imul t an e ous p ro duct i on 

and c onS1.unp t i on if' th eiP fu ll va lue i s  to be exp l o i t e d .  

i i .  Due t o  the s e as o n a l  produc t i on of' thes e }?r oduc ts 

i r•r e s pe c t ive of the re qui rements of the pig h e r d ,  

s to c h:  numb e r s  mus t be ad j us ted to me e t  f luc t ua t i ons 

in fee d s upp ly . �aroly 7ean ins allow s  e a r l i e r 

r' cn"row i.ng of' sWJm.e r lit t c:: rs , gi vine 1:1 r;re L  t e r  chonce 

for the s e  p ig s  to be marke t e d  before mi lk sup:,_J l i e s  

fa. ll a t  the end o f  Lhe s c:: as on . 

i i i . The s s.v ings ef'f'ec t e d  by a n  e £,rly vre .s.ning J?P ograrmne , 

in f o od re qu i r e ment s ove r  the l'e l_Jr oduc t i  ve J:Jh a.s e , 

a l l ow extra s t ock t o  oe c a:t"r ie d . 

Ve ry e arly wean ing i s  s ub j e c t  t o  t he diff' ic u l  t i e s  a l r•e a dy 

men ti one d . Grum.mer ( 1 953) , s ummari s e d  p re s ent know le dge by 

s t a t ing t �1a t the e arlier ne an ing t o ok pla c e  t he h igher w e re the 

re quireme n ts f or nut ri t i on ,  env ir onmen t  and c a re . Und e r  mos t 

farm c ondi ti ons i t  was imprac t ic ab le to remov e l i t t e rs f rom 

th e i r  s ov,r e a r lie r than two or three we el(S af t e r  partur i t i on .  

There i s  gen e r a l  agreement i n  the s c ien t if i c  l it e ra ture ( Braude , 

1 954, 1 957 ; Lodge and Luc a s , 1 958 , Smith 1 952 and many o thers ) 
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that 2-3 w·e e k s  of age i s  s a t i sfac t or•y for w e aning . I·Jany c orn-

rne rc i a l  p Podu c e r•s in the LJ . K . , in lT . Z . nnd o the r c o unt r• i e s  have 

found h one v e P , that la te r ne uning c:. t 3-5 we eks of' f,_ge is :ppe f e r-

ao le under t he ir condi t i ons of uc.nac;e!nent . 

, Ji th inc 1•eo.s ine; a ge , the requirement s  of y oung p ie s  f or 

f e e ds of h i gh nut r i  t i onc.,. l vc.. l ue i s  r e duc ed t.nd t he e c onomic 

fa c t ors govm .... ning roc.� i s ing are uuc h mor e fc.voul' ::....b le th c:-·.n is the 

c o.s e \7i th ne·11b o rn  p i gle ts . On t11e o ther hand the l onz e r  v1 eo.n ing 

is de l.:-:ye d , t:t1e s . .  c: ller the a dv c .nt c.ge of' t he t e chni g_ue . 'rhe 

1 1poi:r:. t of -u r.l anc e 1 1  de 1-ends on � c onomic f o. c  t or s  nnd manugeme nt 

'.,:he li.eve lo1jment of early ne s.nin..e; o. s a prac t ic a l  rre t hod 
oi.' reu. r inc: l i t  t e l's hus c ... r!c.j_ t e d ,  "'-"lcl fo l lov1 e d , th e e vo luti on 
of bs.oy };J i g  .�.'c. t ions . ( Sn:i th , 1 )'60 ) 

1'll e s t cLdie s de s c r-i be d in sec t ion 2 of th i s  rev ie w  i-wve c:. lso 

led t o  muc h of the p Pes ent in t e re s t in baby }:Ji g  nutri t ion . 

Dev e l opments in the gene ro. l  f ie ld of' anima l phys i o loe;y and 

nut ri tion hc-.ve no.de fuP th er cont r ibu t i ons . \ fhi le an ap:;_J re c i c_ble 

8.li10tmt of infor•.aa ti on on t he s ub j ec t  is ava.i lab le howeve r , th is 

pa r t i cula r f i e ld of r e s e arch i s  by no me a.ns exhaus t e d . 

Limi ta. t ions of Fee ding Itequirement s 

Bl ... aude ( 1 958 ) in reviewi ng c urrent know le dge on fee d ing 

s t &..ndards s t a t e d  tha t : -

• • • •  Fee ding s t andards of t o day are one of the mos t  mis -
i n t e rpre t e d  c onc epts in an ima l husbandry . 'di th the 
advancenent of the sc ienc e  of nut r i ti on in gene ral • • •  i t  
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h as become abundantly clear that no s ingle yardstick can 
cover all the cont ingencies that may ari s e  i n  practi cal 
feeding • • • •  Feeding s tandards should be treated only as 
g ui des • • • •  w i th the interact ions between n ut r i tion and 
e ither heredi tary, envirorunent, management ,  s tage of 
deve lopment or type of p ro duction and s uperimpos ing on 
all of the se the economics of feeding, it becomes obvious 
that no feeding s tandards are capable of covering every 
po s s ibility. 

( a ) P rotein 

Heports in the literature on protei n requi rements vary 

considerably. This is not s urpris ing s ince a n umber of factors 

affect these requi rements . These include ( ap art from e nv iron-

men tal factors or dis ease, w hich may res trict growth ) : -

i .  The development of the diges t ive en z�1� sys tem. 

i i .  The amino aci d compositi on of the feeds tuff and 

the a vailabil ity of these ac i ds . 

i i i. The ratio of protein to the tot al ene rgy content 

of the rati on. 

i v. The source of d ie tary cons tituents . 

i .  The development of the di ges t ive enzyme s ys tem. 

C at ron ( 1 95 7 ) , cla imed that in pigs of les s  th an 5 weeks 

of age, the proteolyt i c  enzymes are poorly developed and remain 

relat ively inacti ve unt i l  the pH of the s tomach falls below a 

level not normal ly reached unti l 20-30 days of age. Casein was 

the protein of cho ice for pigs at least prior to 5 weeks of age. 

Th i s  i s  s hown d iagramat icl ly  in Fig. 3. 

C atron further reported that the fo rt i fication of the die t  
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with proteolytic enzyme extracts, improved the digestibility or 

the protein. Calder et al . ( 1 959 ) and sever•al other workers 

were unable to conrirm these rindings and expressed doubt as to 

whether the complex digestive processes could be so s imply 

speeded up . 

ii . Amino acid content. 

Rose ( 1 948 ) clas siried the 1 0  es sential amino acids required 

by the pig . Braude ( 1 953 ) indicated that the modern us e or the 

term "protein supplement", implies an ingredient which is called 

upon to meet the animals amino acid requirements . In the past, 

pro tein requi rements have orten been conrused with accessory 

s ubstances which can, with modern developments, be supplied 

separately. 

Very rew amino acid requirements have been confirmed ror 

pigs under 2 0  lb liveweight. The problem is  rurther complicated 

by interactions between dirrerent amino acids . Amino acids 

should be present in the diet not only at levels to meet minimum 

requirements but als o in correct proportions to each othe r, as 

well as in a form which is available to the animal. 

iii . Ratio of protei n to the total energy content of the ratio� 

Sewell et al. (1 953 ) round that the nutritive economy during 

the early stages of growth depended primarily on a correct adjust­

ment between the proportion or protein and the total energy 

supplied. They found the most erficient and rapid gains occurred 

on diets with a nu tritive ratio approaching 1 :  3 .  
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( Maynard ( 1 956 ) defined nut rit ive I'e.tio as : -

J. f . R . = ( dip;estibility fat x 2 . 25) + dig. l\ . li' . l'' · + dig. C r. Fibre) 
dig . :;,n,otein 

i.tcC I•e a a.n cl  'i.'I•ib e ( 1 956 ) , develoying semi-s ynth etic diets 

:f or very young l-'igs ( 1 -3 days old ) :f e d  thr ee d i:f :feren t levels o:f 

pr otein ( mainly :fr om casein and dr i e d  mi lk , - 20 , 27 and 34>b p rotein) . 

l'.laximur.l rre ignt .e;ain t o  56 days of' age oc curred on the 20�6 level 

( av . vreic;ll t 3 5 . 7 l o s ) UJ.'ld loY/es t gain on t he 341b protein le vel 

( av . \Jeit;ht 32 . 5 lb s ) . 1 . hen 1 076 of' the s uc ros e  in t he 34.% pr otein 

diet \ias l'eJ)l&c e d  by 1 a.rd these aninals sh ov·recl c.. 56 daJ vre ight o:f 

3 9 . L� lb s . The author s c oncluded tl1a t the c al orif ic dens it y o:f 

the d iet llad a c ons i de i·ao le influenc e on the oJ,Jtimal IJrotein leve l .  

1'h e y  a. l c o  8 -..i.z gested tll,'lt ti1e cli:ff' e J.•ent calor i f-ic density o:f tlle 

die t G  c.s e cl , u1cl t11e b i o l o ;::: i c ul vc,_l ue s of t:oe 1:-'rot ein , us e d  by 

v c...p i ous \7 0l,1;:ers pc.Pt i G. l ly acc ount e el  :for the lack of' E c;re e 1 .:e nt 

in the r e s ul t s  o·bt ai ne d . 

iv . 'rhe s our·ce o:L die tary c ons tituent s . 

:Uodge and .LJUC as ( 1 958 ) ap_,I• oac hed the :;_,, pob le.n of' SUlili&ll ... i s ir1g 

exis t ing kn orr l e de;e on ::_Jrotein re c:�uil ... en:ent s ·oy s o rt ing the d e.ta 

o ut acc ordL18,' t o  the t ype of' diet used in the trial c onc erned. 

They :found t hat tJ.1e se es timates :fell into two c ate go rie s - those 

where tl1e pr otein was :from c ow ' s miDc or ca sein •( " s ynthetic 11 

diets ) and those where mixed pr oteins had been us ed ( "non-s ynthe tic 1 1 

diets ) . On this b as is the c ru de ]! rotein e s timate s f or the 

s ynthetic die ts were only ab out 66�6 of' the n on-s ynthetic diet 

e s timates . �ven s o , the :f ormer were c ons iderab ly above the 
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40-45 g . c rude pr o t e in per 1 000 dige s t i ble K. c � ls . in s ow ' s  mi lk 

up t o  the 6 th week of lac t a t ion . On an e s t imate d dige s t ib le 

pro t e in bas is, the s y-nthet i c di e t s co nta ined only 78% of th at in 

th e non-synthe t i c mixe d  pr o te L1 di e t s . 

The author ' s  i nf' e ri•ed from th is thn t the vo.lue to t he young 

IJi g  of the dige s t e d  pp o te i n  o:f c mv ' s milk was higher t han t hat 

of the c1i ges t e d p r o tein o:f a mix e d  ro. ti on c on tain ing dri e d  c ow ' s 

mi l�: , f i sh lileet l or s oya be<:n me a l  and cel'e .:;.l s . 

C n t ron ' s  v:o rk ,  quot e d e arlie r ( s e e als o  Fig. 3 )  s upp orte d 

the s e  findings . Ire sugge s te d the. t mi lk ljr o te ins could b e  

diges te d by tryps in wi th li t t le or n o  he lp from p eps in . 'I' his 

una.b le t o  c.t i li z e  s oye:. b e B j_1 or p o ss :i.. .o ly fish �:u1d J.le c. t i ileal :;_Jro te ins 

tmt il they vrere o ld e:.1ouz.i.1 t o  s e c r e t e  };Je ps in in an a c t ive form. 
(:L ·eps in re e.che s i ts ltl8.X imwr: &.c tive s t o.ge a t  o.bout 6 rreeks of age . ) 

'l'he abov e fc:.c t o rs acc otmt in n o srnr..ll p ·.:'.r t f or the dive r-s i ty 

o:f 1, e sul ts o!J t c.i ne d  by d if ferent r1orkers in r e c ent ye c.r-s . 

of the se r_,_re s umrEnP is ed in 'l'o.b le 2 : -

'l'ABLE 2 

Suml!lary of s ome baby p ig p r o t e in re qui rement 

de te rmina ti ons 

-
Autho rs Age of S ourc e of Prote in in 

Pig Die t u s e d . 

Rebe r  ( 1 953 ) �-4 weeks � V i t amin extrac t e d  c as e in 
8 weeks 

EeneJl et al. (1 9.53) 2-30 days S oya b e an pro tein 

l3ooker et al. ( 1 954) 1 -4 weeks � Skim milk 
5-9 we eks 

Skim f is h 

:J ome 

% Pro t e in 
for most 
Eincimt gajrn 

41 %  
20% 

3 2% 
22% 
1 2% 

Cr8I11ptan &�ess ) 1 0  days milk ,  soya b e an, 30% 1 954 m

T Jen sen � (1957 2 -8 weeks Mai z e  and c as ein 1 7% 
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Lodge and Lucas ( 1 958 ) s 1m1.ma rised  requirements f'or c rude 

prote in f rom mixed souPces for e arly we�:.ne d pigs as follovrs : -

'.1..'ABlli 3 

Linimu.rn C l'nde pro tein requirement s in me al mixtures c on­

ta ining fi sllme a l , s oya b e an mea l ,  drie d  mi L1c and cePeu. ls .  

Lodge and Lucas ( 1 9 58 ) 

Li verie igh t 
( lb ) 

1 0-20 ( lb ) 

20-3 5 ( lb ) 

35-L6 ( lb )  

(b ) C arbohldrates 

C rude 
-

G . per 1 000 
Dir; es t ible 
K. Cal . 

7.3 

58 

49 

p_ro tein 

G .  p er 1 00 g .  
Dry r..atter 

2 8 . 7 

21 . 5 

1 8 . 1 

___:.. __ ___ _ __ __. ____ ____ _ 

The vork of PorteP and Doll�r ( 1 95 7 ) ; Baile y ,  Kit ts and 

\"food ( 1 9  5G ) ;  Cunningham and Briss on ( 1 957 ) ; C : . tron ( 1 9 57 J ;  

and Lodge Gnd Luc as ( 1 9 58 , 1 959 ) has shm�rn t ha t  the devel opment of 

the digest ive enzyme sys tem also ple.ys an important paPt  in car-

bohydra te digestion in the young p ig . 

In view of' the high level of lac t ose in whey powder,  car-

bohydrate digesti on is of' s pecial  inte res t in re lation to the 

present  trial.  

Fig . 4 compi led  from the Iowa data (Catron ,  1 957 ) shows the 

deve lopr. ent of the amylolytic enzyme s ys tem. I t  foll ows that 
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th i s  has an imp or t u.n t b ear ing o n  t l1e t ype o:t' c .s. rb ohydra t e  t ha t  

s hould be :L e d  o.t dif':fer•ent s tages of the aniraal ' s life . 

Gluc os e m1d ga lac t o s e  ape 1•e adi ly ut i l i z e d by b aby p i gs and 

hav e  bee j1 wide ly us e d  as s our c e s  of c urbohydra te L'l t he ir die ts . 

J olu1 s on und J an:e s ( 1 9L�8 ) f m  .. md th at baby :pigs c ould b e  

s t ar te cl  v ePy succ e s s f'u l ly uf t e :c' a p re l imina ry n ur,s i ng on c o l o s t rum 

wi th J_Juri:f.' i e d  d i e t s  c ont :.:.. in ine; e i the r g lucos e o r  lac to s e  as the 

s o ur c e  of c u ri.:J ohyclru. te . 

Los t no rlcel' S non S UlJp o r t  the c o nt e n t ion t ha t  inte s ti na l  

l a c to.s e o.c t i v i  t J  i s  h i gh a t  b i r• tll and de c l ine s s llc,pply af te r 

th e 3 r cl-4 t h  week . 'l'his \ rould fo l lm1 ,  s ince l D.c t os e  is the 

nc-, t ur&. l c c.r'b oh,•/ ui'ate of ini lk . 

D o l lar et ��· ( 1 957 )  c onf irme d the s e  findings ru1c.1 f .... u.· the r  

:eer) o r t e d  tl 1c. t <'-1' t e l, ::..bout 10 <lo.ys of r..1.ge , amy l e..s e , suc ras e L'..nd 

mn l t n s e  b e c ome inc l, e c�s ine;ly ;Ac ti ve and cons e c.!_ue ntly s t ::. rc h , 

s uc r'os e and r,1a l t o s e lllay be inc lucle d i n  crea t e r  o.mot.m.t s in the 

cl..i e t .  

Be c lccr• e t  al . ( 1 954 ) f ound that s uc ros e a11d :fruc t o s e rve r' e  

the le as t s a t i s fac t oPy so u rc e s  o f  c arlJ ohydra t e  during the f i r s t 

vre ek of life . 'l'he inc r e a s e  of sucras e ac t iv i ty w i th age , 

allowed p i gs of 7-1 4 days of age t o  ut i l iz e 1 0-20% of sucros e 

in the ir di e t .  Be clcer a ls o  f ound that betwe e n  the age of 7-3 5 

days , glucose , dextrin and ma i z e  s t arch gave e qual rates of gain 

when incorporated i n  the die t . This  would s upport the theory 

that inc r eas ing quanti t i es of starch ( a  cheape r s ource of car­

bohydrate ) can be included in the die t as the pig gets o lder.  
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Lodge an d L uc as ( 1 9 58 ) rey o rte d that g 1-.. lC os e was the only 

sugar which was to le 1�a t e d  by p i gs o:e a ll age s , :fro m  2 days to 

8 neeks . They us e d  di e ts w i th a g luc os e cont ent o:f up t o  60% 

succ e s s fully . 

( c ) Fat 

It has b e e n  es t abli she d that in sp i t e  of t he a_ o i l i  ty of 

the p i g  t o  b ui ld :f a t  fr om o the r nut :!:'ient s , s uc h  a_s pro te in and 

c a Pb ohyd.Pn te , S OLle fu.t is e s s ent i a l  :fo:e n ormal devel o:praent . 

( Br::..u de 1 S5L� ) 
Ther•e i s  l i t t le d a t a_  on the minimwn fo.t requi re ne nt s  o:f 

the ;young pig.  I n  the ir r eview· on p i g  nut r i t i on , Lod ge and 

Luc as ( 1 9 58 )  indic a te d thc:tt mos t o:f the s ynthe t ic mi lk d ie t s 

1�e1)or te cl t o  have b e en us e d  r1 i th vel"J young l:J i(:; S , c ont a ine d 

Ctl-·1· l� ozLi1Lt ely 27�  of lard on a dry w1 t t e r  bas i s . In dry 1ne a ls 

fo 1.·· l.J i g-s of ov e1� 1 0  lb l iv er1e i ght , l� i s e s  in fat leve l gene r a l ly 

impro ve d Eee d c onve rsi on e ffi c i enc y , but ove r  about 1 3% ,  inc re as ing 

f a t  leve ls t en de d  to J.H'oduc e an o i ly die t  wh i c h  made c le aning o:f 

e qui pment d i ff icult . 

Severa l  w o rke rs h ave suppor t e d  the the o ry tha t the leve l o:f 

pro tein in the die t has an important be ari ng on the u t i l i za t i on 

o f  fa t . Spe er e t  al . ( 1 954 )  f o r  examp le us e d  a dry r a t i on c on­

t a in ing 24% prot e in and 7% :fat s uc c e s sful ly . Cramp t on and He s s  

( 1 954)  obt ai ne d good re s ul t s  :from a die t cont ain ing 3 0% pro te in 

and 87b :f at . Ment ion has a lr e ady been made of the c on tribu t i on 

f a t  can make t o  the c alorif i c  den s i ty o:f the di e t  and the c o n­

s e quent ut i li z at ion o:f pro t e in . 
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Lloyd and Cr•ampton ( 1 957 ) a t  Bac Donald College , s hO\v e d  th at 

an invers e re lo. t i onsh i p  ex is te d -oe tween the molec ular wei ght of 

fa t t y  a c i ds  i:n. f a ts c.nd oi ls and t h e i r  diges t ib i l i tie s i n  young 

p i g s . 'rl1e y a l s o  shovv e d  that s e v en we ek old p i gs could di ge s t  

fa t be tter thc-.. n 3 vreek o l d  p i gs . This c ould � os s i b ly be 

ex}!lnined by the v10 rk of Ki t ts et a l . ( 1 956 ) whi c h  sh m7 e d  that 

p&ll.C r e a t i c l iiJO.S e c-..c t iv i  ty in p i g s  vro.. s of· "'· high order at bir th .  

'l'hey p ost ula. ted tho.t the inc r e as e  in di ges tibility o:f fat wi th 

a dv an c ing [.gc nas due t o  an inc re as e in bile s e c re t i on , whi c h  

re su lt e d  in an inc i .. eased ab s orpti ve c apa c ity f or :fa t .  

( d )  � . iine l::Ed§_, v i t�mins and o ther grorr th fa c t ors . 

i .inch rr o Pk is s t i l l needed to e luc idate the s pe c ific re quir e -

men t s  af ·me yollllg 1-Jig for· mine 1•uls , v i  t c111ins c-... nd o t he r grmvth 

fa c t ors . • lhi le l1e ta i ls o:L' de fi c iency symp t or!ls , i n  many c a s e s , 

a r e  la1 oi rn ,  111inim urn re Quireme n t s  t o lJrevent t he s e s ymp t oms 

alJpe o.rinc c:·.nd to mo. in tain he a. l thy cr on th , c:. re not tl.t a l l  c le s.r . 

5 . 'l'Ill� u S:G OF \ iiillY P O , iD::;H IN i·. II:C'r"UR C::S I<'OE YOuNG PIGS . 

Table 4 s ho·ws an analys is o:f a s ample o:f unneutralis ed 12�c t ic 

c as e in v-rh ey powder· ,  a s  us e d  in the pP es ent trial . 

TABLE 4 

Henneberg ana lys is of unneutralis ed lac tic  c ase in whey 

powder. ( Mass ey C o llege Bi ochemistry Dept . 1 959 . ) 

C onst i tuent Air dry % Oven dry % 
Dry Matter 89 . 7 -

Ash 1 0 . 9  1 2 . 2  
Protein 1 2 . 9  1 4. 4  
Fat 1 · 2 1 . • .3 
Crude Fibre - -

Nitrogen Free Extract 64. 7 72 . 1" 
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TABLE 5 
Some data on cons t i tuents of' unneutra lised lac ti c cas e in 

v1hey powder• ( Da iry He s e arch Ins titut e  1 96 1  ) 

( a )  �ineral  c ontent : -

Le; . 
0 . 1 7 �& 

U a .  
i . 86% 0 . 65% 

( b ) Lac t o s e  and la.ctic ac id c ontent : - ( ap.L_)r oxirnate ) 

I.Iois ture 
:f'rotein 
Ash 
Lac tic  ac id : 
Lac tose 

1 00 

Prom 'l'ao le 5 ,  i t  i s  c le ar tha t  ·whey is a r ich s ource of' 

l ac t o s e  <mcl c ont ai ns about 60 -70';�� of t h i s  s ugar on a dry ma t ter 

b as i s .  'J.'hu. t  l <::1.c t os e , as the ns.turo.l c c.,l' bohydrate source of' 

e very irH:irrJLlO.l i 8.n infant , l:li [l"llt ho ld a s .h-e c i a l  _t.) lac e in the f' e ed ing 

of' :vo-Lill fl: G.n i�..G. ls , vra.s noted by .Ouncan ( i 955 ) rev iev1ing t he yhy-

s i o lor· i c L� l  e1'1'ec t s  of· tl1is s ur· ar . �uc t os e  has ho�e v e r ,  c e r tain 

:r:.-hys i o lo,r:ic a l  J.,l' Ol! e r t ie s not chc.:.r•a c t e ri s ti c  of' t he o ther- dis -

ac chGri des o :e sus; .:-�:es . 'l'hese 1 11&.y };C.Ptly acc ount f oP t 11e div ers i ty 

of' opinions VIhi cll exis t in the l it e P<.e.ture , as  to the value o f' 

lac tos e in foods tuffs . 

Some of' the s e  phys iolog i c a l diffe r-ence s  vvere lis t e d  by 

Duncan ( 1 955 ) : -

1 .  8ome are due t o  the liberati on of galac tose  when lac t os e  is 

hydro lys ed, s ome due t o  the o ther hexose s ugar , gluc os e ,  which is  

eJ.ro liberated on hydPolys is . ( Both glucos e and galac t os e  c an be 

uti lized by the baby pig - s ee back . ) 

2 .  S orre are s pec ific t o  the lactose molecule it s e lf' .  

The s e  inc lude : the e ffe c t  of' the sugar on gas tro-intes ti nal 
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mo t i l i ty caus ing a b ene f i c i a l lax a t i ve e:f:fec t in s ome c a s e s  

and dia.rrh o e G. ( usue.lly \'/hen :fe d i n  exc e s s ) in o thers ; i t s  

:fav mu' e.b le ini'luence on the .s . ."bs o rp t i on ,  r> e tent i on and ut i li za t i on 

of c c� lc i um ,  phospho:c· ous and. ma gnesi tun;  i ts v a lue a s  a l ip o-

t ropi c  <.:-sent and s par>e r  of choline ; i ts pos s ib le ro le in ma in-

tu inii:.s tJ.1e nat ur a l  in te s t inu l fl or>e. in y01..mg an imals ; prov i s ion 

on hydro lys is of t he ene rgy-pr o ducing sugar , gl uc os e  and t he 

1 1 s t ruc tur a l ' '  s ug c:. r> ,  gc,h c t o s e , rrJ.Ji ch may be impor> tc:n t in t he 

f opma. t i on of' t � �e c e Pebros i d e s  and r.mc opo lys a c ch<:n' i de s  of' the 

n e l'Vous s;y-s tem; r.mcl l-Os s ib 1e o thers . 

( a )  Ove 1 · r:o e  c:. s 

1·� nurrib e r  of rcs e c.;.rch s t&. ti ons ov e Ps c as ha.ve in t e re s ted 

t:i.1er1S e lv e s  in s tu di e s o f' rr11e y f'e e d. inc to pi gs . 

t o  t he us e o:L" whey p ou de r  in l'E.t i o.ns :f or yotmg p i gs , rep oP t s  

i n  t!w li t e l'G. t ..;w.' e :_ .. re nwne l' ic a l ly ins i gni f'ic a.nt . 

'l'he re hD.s �oe en a he s i t ancy in t he pas t t o  fe e d  h i gh leve ls 

o f'  dl' i e d uhe y to p ig s  due to rep o rts o:f ensuing di arrhoe a . 

Fo P exanQ;J le Krider e t  a l . ( 1 949 ) rep or> t e d the oc c ur r>enc e of' 

di arrh o e a  in we anl ing swine :feel 4% to 8% o:f a dri ed whe y  produc t .  

Lac t o s e  wa s sugges te d  as the c aus a t iv e  :fac t or . In r e c ent yea1•s 

h owev e r , worlc on the leve ls o:f whe y  p owder t o le ra te d  by p i gs o:f 

diffe rent ages has t hrown s ome li ght on the nutri t ive v a lue of' 

t he produc t .  

i ) As a re plac e ment f' or o the r  c arb ohydra t e s  in the ra ti on .  

Becke r �l· ( 1 954 )  rep o rted a s er i e s  of' t e s ts i n  vrh i ch 
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the nut ri t i ve v a lue of v a ri ous c arbohydrates was de t e rmine d  'Nith 

p i gs c-. t dif:f:'erent G.ges . I n  t he b aby ::_J i£ , lac t os e f e d  a t  a level 

of' 56 . 656 of· t he d i e t , gave a su1Je ri o1· 1-.ate c.nd eff ic i ency of gain , 

to ei tlle r c:;l1.1c o s e o r  s t <:. rch , r1 i thout an y  ev iclenc e of' di a rrhoe a . 

Likeu i s e  ui th t i1.e f in i s hing pig , 2 5;'b of i ts di e t  as le. c t os e 

prorno te cl c c:. t i s f&.c tor y r a t e and e :Lf .ic i enc y  of· g a i n  n i  t h  the 

abs enc e of di arrhoea . 

In o. 1\::rr' the r inves t igu. ti on , Bec i\: er e t  n l .  ( 1 S5 7 )  s tuclie d 

the effec t of h i gh lev e ls of dr i e d nhey on .J:) i gs at va. r i ous 

s t age s of grow th . Dr ie d YllleY fe el t o  baoy p ig s rre :.:m e d  a t  1 L� 

Ccf�ys of o.ge , c. t :Le v e ls of' 0 ,  30 c:md 6.0; �  of the di e t ,  had no 

s i gn i i"i c <.-1.n t  e :L"f e c t  on t he r a t e  or e ff i c i ency of' gai n , nor \ras th e1·e 

any evid enc e of o. Hhey-induce d d i arrhoett dur ing the f our we ek 

1 1 i  th futten ino; p ic; s fed a s emi -p u.c·i f ie d die t �  

u. 6o;6 r,'he y ra t ion :u roduce d  s e v e re d iar•rhoea and marke dl;y 

dei:Jres s eel fo od intak e and g r ovr th ru. t e . S ome d iarrhoea occ urre d 

on a 40i �  nhe y p ow de r  d ie t ,  out c;r mvth rate vr as not s i gn if i can t l y  

s l o\7e r tll£>.n t hos e vr i th out t he p roduc t i n  the ir die t .  

In a sub s e que nt group f e e di ng t r-i a l , s ub s ti tut i on o:f 20 and 

305� c1r-ie d \Vhey in a pr ac t ic al r a t i on of' c orn and s o ya b e an me a l  

f e d  acl lib i  t1.un t o  v1e aning p igs , s e 1,i ous ly r e duce d f o o d  co nsump t ion 

and gro wth rate during the 34 day tr ia l lJe ri od and p r o duc e d  a 

mode rate di arrhoe a . 

Be c ke r  c o nc lude d that the p ig had the ab i l i ty t o  uti l iz e 

hi ghe r  lev e l s  of dr ie d whey , wi th out de le ter ious ef'fec t , than s ome 

work em ha d rep or t ed . The maximum adv i s ab le :f e e ding ra t e  app eare d 



23 . 

t o  de pend p rimm�i ly on th e rema inde r of' the die t and the age of' 

the p i g. 

C omp ar ing t J.1e re s ul t s of this whey p ov1de r t r i c. l  vr i th the 

re s ul ts fr om tlle ti• ic. l whe Pe lac tose ha d  been fe d ,  t he o.uthor s  

fe l t  th &. t the dif f'e P enc e s  i n  pe s p ons e  t o t l1e h i gh leve l s  of 

c.1r· ie d rihey c ould not b e  exp la ine d s o le l y in te :ems of the leve l 

of lac to se fe d .  . .h i le la c t o s e  ::. nd dr i e d  11lley t ole ranc e sh oH ed 

an indir ec t r e  LL t i ons hi} J -vvi t ll the o.ge of the �Jig , thes e t o l e i'f..',ll C e s  

v1e re :r_J ro o u.-u ly e s t u. "iJ l i s l led lJy d if f e :L'ent 1 11e c lwnis ms . 

Dc.niel u.nd l.iei.Pvey ( 1 947 ) s ugge s te d a p os s ib le rne c h cnism 

i nvo lv e d  in f ix ine; dr ie cl \/l1e y t o l eP anc e .  ·�·he y r c::p op t e d  tha t 

di al.'/S i s  of r111 ey pr oduc e d u oene f i c i o.l e:Lfe c t  on i t s nutPi tive 

In addi t ion \ !hey as:i1  deJ.J l'e s s e d  t 11e Gl� on th of· ra. t s  

f e d  c.i.r ie rl ;,·ii lO l e  mi lk an d d i G.lys e d  r1hc y c� s ti:"1e s our c e o f  J:..il' ot c in . 

The s e  obs e :  . .-v s. t i on..D i1;1J;- l i e d  tl w t  t !. 1e ino1• gc:.nic frac t i on of dri e d  

'i'he .L'e SJ:.i ons e fro m 

f' ee dinc; hiGh le ve ls of· v.rhey mi ght have depended upon t he mi ne Pal 

com1J os i ti on of the Pe nJEti nder of t he d ie t . 

i·1Ieade e t  al . ( 1 957 ) wh en s tud,)ring dry me E· l f' o:rmule. s f or bu.by 
pi gs , u s e d  r a t i ons c on t a ining 1 0�� of s ugar \7i th V/h ey at le ve ls 

of 5 t o  3076. 'rhi s  a dd i t i on of whey inc re as e d  grov1th rates of 

the p ig s  f r om 3-1 1 �� re spe c t iv ely c ompared w i th th os e ui thout 

whey p owde r in the ir die ts . 

i i . As a rep lac enent for c a rbohydrate and p rot e in c onc entrates . 

Hudman e t  al. ( 1 956 ) r ep orted tha t lac tose f e d  t o  b aby pigs 

wi th s oya b e an me a l , and s uc r os e  Vl ith mi lk prot e in g ave bes t growth 
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re sp onses . They s ugges t thc. t f r om the analys es  lis ted by 

Llorris on ( 1 956 ) both dried  s ldm r,Ji lk c:;.nd drie d whey mus t be 

c ons i ci_ere c1 e.s a source of' l& c tos e ,  sine e on Bn avera£·e the se 

pro duc t s c ont a.in a high qu li tJ  pro tein . 

C rLne ( 1 953 ) ob s e rve d tlli:t t we G.n lins � igs gained mor e 

rapidly m1 a N>. t ion c ont<.-.ining 40;b dried s kim mi lk than on 

one c o:nt<..inir1[; 3 5>� dPie c1 sk im ui lk and 1 0;; dri ed whey . 

i'lc:-.ns on e� & 1 .  ( 1 S57 ) c la ime cl th&t di'Y skim mi lk improved a 

50>�  dJ.•ie c1 ·. i1wy d i e t  f' or y01.l:.l£: 1)ie; s . 

Lloyd and Urrunpton ( 1 958 )  des c r· ibed a t r• ib.l in whi ch they 

at teL,}.J t e d to I' e:._, lo.c e the s xim 111i lic _cJO V!der in a baby pig re.. ti on by 

a wixture of nlley :_Jouder and ne a t  me ;_ l .  'l'hey cons ide Pe d  th c,.t 

Hhey l) O\i o.e r , '.71-;.i ch cont £, i n s  l.JJ:'o tein of' 2. si 1ni L r origin to s kim 

miJJc , Vlf r:> � .os s ib ly the le s s  c os t ly ingr edient . J.c c or ding to 

the c:.ut ho1• s  f'1•on the p o int or� vie\f of amino · c id di s tP i-outi on , 

th e �J:" ot e in of' uhcy poYider is ns cood Es the pP o te in of' skim 

mi lk liO Wder• hu t the to t a l content o:f the :f or . .  le r is c ons i de r a!J ly 

lorrer thu1 t11c lL. t t c r . I t  Wf>.S thus ho1.e d to :_;rov ide s. simi le.r 

J_)r·o te in le ve l � t:1c. t of' skim 1ni lk b.}r us ing a 50/50 mi xture of' 

Vfhey pmvder Emd r:1ea t ltle al . Furthe rmore it vas c ons idered that 

a me thi onine defi ci ency \Vould s ti l l exis t in this mixtur e and 

quanti tie s of' this amino ac id were inc luded in some trea trrent s . 

This gave a ra tion wi th a 30% protein leve l and one wi th a 

26% pro tein c ont en t . The overall sub s ti tut ion gave dec re as e d  

feed convers i on ef'fic ienc ie s and rate of' gain and in n o  indiv idual 

cas e di d t he addi t ion of' me thionine s ignifi cantly inc rease  rate  
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of gain O l' P . C. � . F'ur the rmore l'a te of gain of }J i gs on ra ti ons 

c ont cininc 26;6 pr o t ei n vre.s s izn_ i f'ic unt l y  gre a t e r  t han that o f  

the 30,. ; prot e in fe d an irtlc.,. ls , b ut i n  t e rnB of F . C . E .  and nut r ient 

c1ices tH.J i l i  ty , -D o t h  leve ls of' J;.ii' o tein r> e s u l  t e d  in s imi lG. P  va lue s . 

'.L'hic re s vJ.t L1 oe s  inclic ::::.te th e effec t of t he o th e P  nut r i ents in 

the die t on the v a lue of' \ ! he y  p ow de r  s up�� le�.::e n t c. ti on . 

'l'hi s  r efe renc e i s  of :;;; c,r> t i c u l c r  im:,;;ol" t<::.nce t o  ti1e pres ent 

s tud;'/ cl.:.e t o  t!m s uc c c s s r,ul us e  o f' c hroriliurn oxj_de as El J :l<:: rke r 

s ubs tc.nc G in tlle cle t G rmin<.•. t i on of' dic e s t ibi l i ty . 'rhe uuthor>s 

J!l" es en ted ili ze s ti lJ i l i ty d; . t �-. uh i c  ll thr>err s or7le l i gh t  on the 

re .::, s ons f'oi' the f' :: i ltw e of the 1ne c:. t  ne c:;. l  c:.nd nhe y p orrdc r r r .. t i ons 

to GUI>p o r t  :J:l'O'il t ll to t he S L.1,;e e :r;: t cnt c:t.s t he s�;: ilil mi lk J._;O\ .' cler 

l'L. t ions . 'l'hG 1 01.·: G l' e . .._.J __ c .l'ent ��.iv e s t ib i l i  ty of the c rudG J.)l' Ot G in 

8.m1 tot c.l c ..... r·-o ohyclrc:t t G  in the 1111cy � �o\·idG r r�. t i ons t . t  o a t h  3 c .. nd 

7 rre eks of' :.·.2:e c on t ri ·uu t e cl t o  t lle lmrGr di ges t ib i l i t::/ of' o a th 

cll·y Ll<.. .. t t e P  c:,ncl cro s s en el"gy thus de c re as ing the fee ding value 

o f  t h is uix t u.Pe . 

'l'hG o.uthors c one luded by ref·e r>r ing to th e I owa work ( quo ted 

N 1 P lie r ) on the cle vG loprre nt of the amyl o lyt ic and pr•o t e o lytic 

enz,)'me s;ys ter:1S , in s upp or t of the s upe l"i or r>e s ults ob ta ined w i t h  

t h e  s k i m  mi ll{ po· . .  deP sup};J le mGnted ra ti ons . Levris e t  a l . ( 1 955 ) 

at I mva h acl i'ep o P t e d  tha t  t!.le pro t ei n  and carb ohydra t e of c ho i c e  

for pigs , at l e as t pr i o r  t o  5 weel{s of age , iiva s  c F ... s e in a nd lac t os e  

re s pe c t ive ly . 

Danie ls on et a l . ( 1 960 ) f e d  dif fe rent combinati ons of drie d 

skim mi lk  powder and dPie d iirhey p owdGr to baby p igs . Grea tes t 
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gc.t ins nn d  f' o od c o nv e rs i on e :ff' i c i e nc i es w e re ;.1ade on a ru ti on 

c ont ;-J. i n ine; 30�"& dr i e d  sk im mi lk and 10 5� dr i e d whey . Gai ns cmd 

P . C  . .b . cle c r e s. s e d  vrhen t he rrhe y p oY.rde r wa s i nc pe as e d  ab ov e th is 

1 o ;,; r& t ion . P i gs fec1 s t ,::. rte r r L. t i ons co nt c. i n ing dr ie d nhe y 

made gre[;. t e P  ga i:tls clurL1.r; t he SLJ.us e quent �; e l' i od th ::.n tho s e  f'e d  

on a 40; ; drie d skim mi lk s ta r t e r> r a t i on .  Thi s  w ork f'm" the x• 

e!:tj)llr:.,s is e d  tl1e e ::·f'e c t  the penw . i:1.inc ingr e d i ent s L1. t:ne r <: ti on 

h.::.d on tlle ovc l'D. l l  nut r i t iv e  v s. l ue o �:· ·. ihey l_) OW de r . 'l'he author s 

c o nc<.u• r e d  ·,,· i th nuc h of' the previ ot1S v.ro d: r e g c. . rclinc t1Je v lue of' 

l L•.c t o s e  as tlle c o n t r•i-o ut i11g c ou::_ .o unc-:. to t he g:,.•.c u t e i' e ff' ic i cmc y 

o:L mi lk lJ :,�o d1.l.c t s  to S t1S t :c in l le c: . l  thy c:.. nd e f'f i c i e.nt o' ovr th ov e r  

Th e y  � l s o  offe r e d  

th e s uc cc s t i on tha t  n o t  2 1 1  t hi s  iLt:�.Jrov elilent c o u ld b e  a t t ri but e d  

t o  le1 c t os e .  'l'hi s  r,ras e v i c1e11t fro m t he re duc t i on i n  c;ains and 

f e e d  ei'J..' i ci .::::l1 C i e s obs e :c  ... v e cl  \ ; hen d r i e d r: hey l e v e ls we l"e inc r e a s e d  

u."0o v e  1 0�� ,  end YiL. s b e l ie ve d  t o  hnv e  b e en due t o  t he t ot a l  pr o t e in 

c o ming· :Ll'OLl tl'.e mi 12-: :PP o duc t • S o;y-a bea11 o i l  v m s  us e d  t o  k e e l; 

the f.:.' o te in le ve l c ons t cc.n t and c o ns e quen tly a s  the whey po\'fder 

le ve l i nc :e c .s. s e d  s o  t he t ot <il s oy8. b e an lH"ot e i n  inc re as e d . 

(b ) HeY! :Ge alancl 

A gl"O\Ving wh ey di S l)OS a l  pP ob le m  confront s the N . Z .  Da i ry 

In dus try at the p re s en t  t ime . New Ze a l and in the 1 959-60 

s e as on vra s s ec ond only to t l� Argent ine in wor ld c as e in pro­

duc t ion (r· . z . Dai ry Boa rd Annual . Repor t 1 960 ) . From f i gur e s  

ob t a ine d f r om Dai ry Boa rd Repor ts , O w t r a m  ( 1 961 ) and Hens on 
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( pe rs . c ornu. 1 96 1 ) ,  i t  v1 oul d app e ar t h a t  the P l'Oduc t i on of ch e es e  

and c o.s ei n 'lil:e ;y- h a s  inc re a s e d  from a bo u t  975 , 000 to ns to 1 ,  730 , 000 

t ons S.Th.J.ual l,y ov e 1• t he lJs.s t t\'vc.::nt;y- ye ars . 'l'hi s  has }) rinL P i ly 

b e e n  due t o  the i nc r e o. s e  in c as e i n  :..Jr oduc t i on . 'rhis p roduc ti on of rl/he y 

i s  f c.r in exc e s s  of' i t s  c1e inand :L oP s t ock fee ding J;, Url; os e s , and 

c ons e que n t ly 2 subs tc...n t i2, 1  prop or t i on r-w1s to vra s t e , 

l i t t le e c onomic J:.; l·e s s ure on da i py f u. rme rs ne c e s s i ta t ing t h em to 

f 11ll;:,r e xp l o i t the v al ue of dai ry by-pl' o duc ts . Due to t he p r ob-

lems of r i  ve P and s t re am lJ O l lu t i on vrhe n t 11ey c:.pe used f'or w hey 

di s_pos c., l ,  ::_J l'e s sul' e i s  b e i ng �-'ut on t o  Da i r y  v OIJilJ<:.tn ie s and P r oduc e r  

:Uoc:.1•ds t o  f ind c. l  te n1u ·� iv e me ans of d i spos a l .  

In:Corwa ti on j)e Pmi tt in::; ful l ex:t:� l o i  ta ti on of Vlhey and w he y  

pr o cluc t s  in t!1:� s c ount ry i s  very l imi t e d . l"or th is r e a s o n  the 

T.ias s ey �{e s e al'C ll :.. : i gge r;o: h a s  been e ngage d foP a nurrib e r  of ye u.I'S 

L1. a s e i' ie G o:L t Pi c- ls &.iJ..te cl nt ob t ;_ i n ing inf o rmati on on the 

ut i li z a t i on of uhe y o.n d  whey produc t s  by the l-'i g . 

A nmrib e P of' :Uairy C oml.J m1 ie s hc,ve be en pr odu.c ing S J Jlr..ll 

qu an t i  t i e s  o f  nhey p ow cle P in o.n ef'fo i• t  to 1' i.n d  a we o.n c of d i s -

po s al o f  r1h e ;y a s  a s t ock :f o od . 

t he l ac t i c c as e i n v api e t y .  

'l'h i s  has pi'in c ipa lly b e en of 

The H . Z . C o -o pe ro. t iv e  Da i ry C o .  ( pe ps . c ormn . 1 96 1 ) p roduc ed 

1 0 9  t ons of l & c t ic cas e in whe y p ow de r  in the 1 957-58 s e as on , 2 80 

tons in 1 958-59 , and 360 tons in 1 9 5 9-60 . C onc ent ra t ion is 

expens ive ( powder must be so ld a t  £35-40 to cover cos ts of 

produc ti on ) , l i t t le progre s s  has b e en made in finding a s uitable 

expor t  n� rke t and local s a les are ve r y  variab le . 
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However, whe y powder> is 1-J r>ob ably c heape r> in H . Z . re lative 

to the :._Jl'ic e o1' c e 1�e e:. ls , c oml,) are d vr i th t he situation in othe r 

c o unt r ie s  a.nd f or t hi s  re ason tl1e re is gre ate r int e re s t  in this 

c mmt ry in using rela tively hi gher J::.l" OIJorti ons of it , in pig 

rations . 

/-�. few tria l s  with v.rhey pov1 de r  have been c arrie d  out at 

th e W:<.s s e y  1-' iggery and t he resu l t s  of the s e  are s ummaris ed in 

the f' o l l o·.ring s e c tion . ( Dunkin , pePs . c omm .  1 96 1 ) 

( a )  In an a ll ne a l  ra t i on 

Durins 1 95u  an inc.1i vidual fe eding tri:::, l  rw. s  c C•.rr i e d  out 

in Vlhi c h  lc.c t ic c o. s e in rrh e y  yorrde l' , s up::_jle!11e nt e d  Yri th three 

c:L i.ffe rent U.o.i ly rne<:.l a ll owcc.nc e s  ( I ,  -:i lb ; I I , 1 lb ; I I I , 2 lb ) 
was compare d  v1ith an all L l le al r::.�tion . l�igs we re fed tlle 

exp erime ntal mix t ur e s  from an ini tic.l liv evfeight of 47-50 lb 

unt i l  a l l  anilila ls ':reighed at l ea.s t 1 40 lb l i  v ev1eight . li'or 

the ovc Pnll t l� i al J...�e ri od whey powdel" con stitute d 84,�� , 71 �'& and 

L�3?6 of t he t ot al food e aten in tre atments I ,  I I  and I I I  above . 

From 48-1 1 0  lb liveweight t he re was no s ignific a nt diffe r­

e nc e s  in g rowth or food economy b e twe en t he  groups on the thre e 

whey lJOH der treatment s but all were signific ant ly sup e rior to 

the control group. Some s courin g  oc curred in the e arlie r  

stages of the trial ,  e s p ecially in the c as e  of the gro up of 

pigs on the hi ghes t  v1hey intake . From 1 1 0-1 40 lb livewe i ght , 

the groups rec ei ving the two highe st l eve ls of whey p owder lagged 
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be hind the c ontro ls and thos e p i gs on the lovtes t  whe y  pow der 

t rea tments . 

Be c aus e i t  vras c ons id e Ped thnt t he  control ' s  p e rformanc e 

was sub-norma l dtU' ing the e aP ly phase of t he tria l , the tria l 

vv-a s  l�epe G. te d , t!.le only modifics.tion b e ing that  the c ontro l 

group vras f'e d a mix tu�e con.to.ininc 1 0�s Hhey pov1de r  s o  t ha t  
Cf'-''·"·l, I ." 

th ere uas no Q_',uf.nti t& tive differences be t\ve en the treatments . 

Ove1� t he live':le i e;ht ro.ng e 46 -1 i 0 lb the ave ra.ge gr ov; th p a te for 

all  four GrOU}.;3 was very s i;;li lar , confirminc the r>es ult s of' the 

I t  rms co:'lc luded tha t uy to light po:c·k rre ie;ht , case  in rrhey 

poridel� s up_,_! lC111ented by as l i t t le as 2- lb J;:e c;. l dai ly can s upport 

u. dni ly c;::::, in of [,}.Jl-l'OX: illla t e ly 1 lb o.nd that up to thi s s ta.ge the 

l..,O'.i der \ii:!.S fully e q_uivu. l ent in feeding value , to the barley lileal  

us e d . '.i.'J.1e hi gh es t Hhey }) O\Jdel� tPe <-. tme nt s  did have the dis advant-

c..ge o1· inc 1•eas ine; tl1e .r·ate of' s cotU' i:i.1f: b -...t.t this was not exc e s s iv e . 

�·'POHl ·1 00 lb livei-rei £)lt onrm1�ds , the Pesults indic ated a de c line 

in £;PO'v7th rate c�nd food c onvers ion effic ienc y  when ti1e bas ic 

dc:. i ly r.1e a. l  2, lloriunc e w·as reduc e d  b e lovr 2 lb . 

( b )  As a supplement for foddeP bee t 

\ 11len c ompaped vY i t h  b apley meal as t he main ingredient o f  

tw o leve ls of me al us ed  t o  sup�;lement s lic e d  fodde r be e t  fed 

to  appe ti te ,  whey powder• p r ov e d  t o  be the superi or c onc entrate . 

( c )  As a supplement for liguid whey 

\/hey powder vms c ompared wi th barley me al as a supplement 
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for l i quid uhey a t  tHo leve ls of' s u:pljl em:m ta t i on , vi z .  1 t  z.nd -;- lb 

pe r day. J JO th the r a ti ons c ont a i n ing ba:eley we a l ,  gave fas t e r  

e-rov: t h  ra t e s  t hc;.n e i the r o f  t he vJhe y po'. ide r  rati ons , ove r  the 

1 5  week t r i a l pe r iod . 

( d ) . :..s a s trnple ment f or s lcim llli lk 

In an indi v i dual fee d ing t r ie. l  v1 i t ll 1 2 pie;s , skim mi lk was 

fe d to ay:._Je t i  t e  Wld s u::_lpl emented ni th a d& ily allowanc e o f  

e i the r- 1 lo o r  b ar ley mea l o r>  1 lo r�hey p owde r p er }Jig . /,f' t e r• 

a 50 day tria l ::_1 er iod :from 80 lo l ivewe ight , p if: S Pe c e iving whe y 
l-•0\rde P L,Ve l�.:.-.r;;e d  1 46 . 3 11) l i  vewe i r;ht , rih i le tho s e  f e d b a r le y  me a l  

av e r c.ge c1 1 57 . 3  lb . 

Du1·ing lr:. t e 1 958 t o  rn:Ld 1 959 , & t ot ::, l of 2 1  lit ters rr c s  us e d 

t o  e v c-:. lua t e  the e ffe c t  of inc ludine; \ l l'f� Y  lJO\lde r in the L1e 2 l  

mix tm ... e s  of J,.J i [;S \fe t.ne d ,., t tllrc� e  ', Je el;:s of cge . Ove r the tr• i ::.l 

pe r i od s e ven lit tePs Yie re l; lac e d  on e c: ,ch of· tl1r ee exr; e ri ment o. l 

tr  .. ea.tmen ts . S tart e r  mix ture vm s  fed t o  the li t t e r's fpo m 7 d8.ys 

of c..ge , \ /ehning t o ok pla c e  at 21 days of a ge , and a 1 1 c a r·ry on 1 1  

mix w a s  fe d fPom the 3 2nd to 56th day . 

'l'lle pr inc ipal i ngredi ents of t he e xpe riment a l  1 's ta. r t e r " 

and 1 1c&rry-on 1 1  me a l  mix tur es are s hown i n  Tab le 6 .  
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'l'ABLE 6 • 

..:.:x::Je r iment a l  f e e d  mixt 1..1res ( princ i}.Jal ingredient s 

only ) . ...,;aply \7e aniYlg tria l ( Dunkin 1 95 9 ,  pe rs . 

c ornu . ) 

Ingr e di e nt ::: Treo. trnen ts -
Onl�l I I I  I I I  r--· 

--

Starter Car�m Sta.rter Car:cy-on Starter Carry-<n 

r:/ Du t te l'L�i lk J.-;OYi deP 60 3 0  40 30 40 20 ,<) 

(1." ;o \ ihey poYrdel ... - - 20 20 20 40 

-rt BaPley meal 1 3  45 1 0  25 1 0  1 5  / .J  

--

Treatmen t  I \Va s in cur roent us e  2t the P i g ge ry c.:.t tha t t ime 

s.nd \ ia s  c ons e c:_uen tly ro eg:'.rded 8. s t� ;.e contro l  in this triel .  

Over the 3- 3 rreek :._)e l'i od , the o.ve i· o-se t ot�-.1 g a in.s f' or the 

tln• ee groups , d_;_ff'ere d oy a max :Lnn.:u11 of' only 1 . 3 lbs . This 

d i :ff'e :eenc e m:: .. s not s tc. t i s  t ic <-,lly s i gn i :t· i c& n  t .  'l'he C:.l! tount o:f 

m e c.l c o nt:> 1J..l ile d ,  dec 1:· e � s e d  as tl1e l.JOI' lJOP t i on o :f  �7he y in the n1ixt 111•es 

inc I•eas e cJ. . I t  vms c ons idere cl  thL.. t this Yfas p o s s ib ly due to the 

s ti ckin e s s  of' the mix t ur e s  c on tu. ining whey ( due t o  its hygroosc opi c  

na ture ) v1hich c aused 1 1c alc ing 1 1  in the self'-f'eeders and �v-h i ch could 

have had a re s tric ting e f'f'ect on intake . 

3 .  COHC LLJ S I OHS 

From the results report e d  a oove , it appeared that whey powder  

was a us efu l  c onc entrate f o od , roughly c omparable t o  barley meal 

o n  a weight f' or ue ight bas is . I ts pre c ise nut ritive va lue depends 

upon the o ther ingredients of' the 1 ... ati on ,  being greatest  when us ed  

in rations c ontaining n o  o the r mi lk produc ts . 
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PA.R'l' II : 'l'l�� � 8 '1' ILIA'l'I ON Oli' .APP.i\....1.Elifr DI G�S 'riBILITY 

1 .  Ilh'i.t.v:9uC 'i'IOIT 

Crampton ( 1 956 )  defi ne d ap}J are1 1t <lig e s t ib i l j_ ty of s ome 

cons t i tuent nutrient of' a fee d. , as tha t  frac t i on of the int ake 

th8. t \H�s not re c ov e r>ed in the fae c e s . I t  i s  th i s unre c ove red 

frac t ion expre s s e d a s  a pe rc ent uge of t he t o ta l  int ake tha t is 

the a�� � re n t  digeo t ib i l i ty or> c oeffic i ent of dig e s t i bi l i ty of 

tha t fra c ti on . 
l thi l e  u s ili11J le c ompai•a tive fe e di ng t1•ial may c o mrJ are the 

1·e s ul t s  lJl' Oduc ed \1l1e n  a c e rtai n Pe. ti on i s  :Le d , in t e rms of growth 

ra te , f'o o d  c onve rsi on ef'f i c i ency , or some o the r pr o duc t iv e  proc e s s , 

i t  fei ls t o  ru1 sne r  t:i1e que s t i on as t o  Vihy one p aP ti c ula r f'e e d  vms 

·o e t t e r  tlwn an o the r . The e s t imE. t i on of G.PlJ aren t di ge s t i-o i li ty 

par t ly ansvrer• s this q_ues t i on by d e te rm ining the re l;:: t ive degree 

t o  wh i c h  the ind i v i dual nutP ie n  �s in t 11e r a. t i on are 1 1 di ge s te d ' ' . 

;.a t chell ( 1 942 ) not e d  thc:.t the re vre re ma rked d if f' cr enc e s  

6Dong fe e ds L:.nd ra t ions in the extent to vrh i ch nut r i t i v e  hJa t e ri a l  

was los t i n  t:-ne di ges t i ve proc e s s  and a1110ng dif' 1�ePent S J:.le c  ie s 

of an imal :.:; i11 wh i ch dig e s t iv e e ff i c ienc ie s d i ffere d . .c..ven 

among ani1imls of one S }:!e c i e s , the c ornp l e t ene s s  wi th wh i c h  nut r i en t s  

were ut i li z e d  i n  dig e s t ion s howed cons i derab le v a r i a t i on . 

In a rnoi'e r e c ent re_vi e w  Crarnp ton ( 1 956 ) p o int e d  out tha t 

dige s t i on c oe ff i c i ent s are not cons tant s and c ons e quen t ly t o t a l  

diges t ib le nut r i ent value s are not cons tan t . Maynard ( 1 956 ) 

lis t e d  s everal fac t ors whi c h  aff e c te d  dige s t ib il i ty . The s e  
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inc lud e d  the nut P i  tive r<.;�. t i o  o f' r s. t i ons f e d ,  the ingre die nts of 

t he ra t ion , nu tri e nt inte rre la t i onsh ips , s p ee d of pas s age of 

f'ood ihl."'ugl1 the d ig e s t iv e  s ys tern, ph;ys i c al s ta te of' food f e d  

and s eve r8.l othe rs . 

I t  is iE1p or t2nt t ne re f o re to measure dig e s t ib i l i ty accur a te ly 

an d t o  h ave s or te knowle dge of it s l iui ta t ions . Des pit e the s e  

l imi t o. t i o. 1s di ge s t i on c oe ffi c ie n ts refllain dis t inc t l y  use f\1 l . 

Int e rp l'e to. t ion o:f:' dig es t ib i J. ity ds. t a  hr. s be en enhunc e d  by mode rn 

dev e lo}:.·n;e nt s in t l1e :L i e lcl of' s t...:. t is t ic c..l E1e thod o.nd ex::_1 e rir:-e nt c.l 

de s i gn . 

2 .  J.....,;A;:i U .:G .. l.6J :.'l' : 'l'O'l'n.L CO LL>.C'l'I OH , .� 'l'l:iOD v .  n :�.l.Yr .i:�....ll'1- � J.G� !C �  
.::; u B0 'l'c.JJC,e:; lLL� 'l' l i:OD . 

The e s ti li1Et t i on of c:.p:;_J&. rent c.1 ig e s t ib i l i ty dep ends on a.n 

ac c tw & t e  :..'e c oP d  of' f e ed intake and fae c e s out pu t . 1 te t h ods 

invo lving t o t a l  c o l le c t i on of fae c <:;, l  Hi.Cl tter by m;; ans o f  a bag 

s t r &p1J e d  t o  tl1e D.nimal h<:i v e  b e en us e d  for J!Jany ye a rs . 'l'he y 

a r e , hm;eve r , c umbers ome and t irre c ons uming ; unc omf or tab le f o r  

the aYl iHiG.l and unp le a s ant f or t he n orke r . ivieas urement of f e e d  

int ake depends o n  -c h e  type o f  fee d u s e d  and the an ima l s  c on-

c e Pned . 'l'he d iffi c ul t i e s  encount e re d  in a <;;.uant i t at ive e s t i mate 

of pas tm• e int ake by graz ing an ima l s  are nume rous . Vli th swine 

fe e ds , mos t of Vfhic h c an b e  hand f e d , the prob lem is n o t  s o  

diffic ul t . 

The modern app r o ach ha s b e en in t he devel opment of te chniques 

which obv i at e  the ne c e s s i ty of a total c ol le c ti on of fae c e s . 
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The se range :f1�om the us e  o:f 1 1 tr·ace r "  sub s tanc es wh ich are a 

natural pc: rt of the :f eeds use d  t o  the inc o r:poPati on of' 1 1 incliges tible " 

markers in t o  t:!1e feed .  I t  i s  pos s ib le on a r<:n .. io  bas is and 

provided the s e  subs tances ape 1 1 indigest ible 1 1  t o  calc ulate the 

diges t ibi l i ties  of' f'eeds Lill ed  or of' the ir cons ti tuents . 

Chromium oxid e (cr2o3 ) hD.s :p r·oved an ef'f'ec t ive inarker sub­

s tanc e in digestibility studie s n i  th several an imal sl.�e c ies 

incll.lding the pig . De ta ile d  r efe renc e to  i ts us e in svvine 

nutri ti on s tudies  follows . 

3 . 'L-i:G uS.L: ,):;_,, C I��tO;.Tu:.i OXID� L :  L\VIJ.G DIGL'.}S'l'I BILI TY ti T uDI�S 

Chromium ox ide or chrorre green , is the mos t u sed index 

m:tbs to.nc e  at the i_J l·esent tine . 'i'hi s  c orn:t--ound is us ed in 

inc1us try as a eo louring J.ligrnent in J:..ruints . 

CJI•Dl11J.)ton ( 1 95 6 )  des crib e d  index substanc es as ma te P i a ls  

that  c oulu i)e cons urne d by or adl11inis te re d  to an an ima l ,  but 

were ( theore tic a l ly ) enti rely inert in the diges t ive s ys tem 

and were comple tely and regular>ly mixed wi th the :faecal 

materia l .  �he apparent d iges tib ility c ould b e  de termine d 

on a rat i o  bas is :from differenc es in the c oncentration of' 

the index subs tance in the :f e e d  and i t s  conc ent Pa ti on in the 

corres ponding faecal  output . 

Where the s ame c ombina ti on of' f'e ed is f'e d  at  all f'eedings 

( or  on an ad lib bas is ) the index subs tanc e may b e  mixed in 

:fixed pr opoi•ti on w ith the batch as a me ans o:f g e t t ing it in to 
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the animal ( as in the present trial) . With rations made up of 

combinations of roughages and grains in differing proportions , 

or in diets in which the supplements and the basal feeds are fed 

separately or> in pasture feeding trials, it is usual to adrnin-

ister the index substance in a c apsule. 'rhe quantity t o  be 

administered wi ll depend on the runount of feed eaten , for the 

conc entrati on of the index substanc e in the feed must remain 

constant over the test period. 

Most workers with swine have used a level of about 1% 

( b ) USE 

Edin ( 1 926 )  in Sweden, was one of t he first to describe 

the use of cr2o3 as a reference substance and later published 

a series of paper's embodying results obtained with the farm 

animals he used. 

Barnicoa t ( 1 92 8 )  advocated the use of inert reference 

materials in digestibility work and in 1942 used c r2o3 as an 

index in a pig nutrition study. He compared this wi th the 

standard bag collection method and obtained satisfactory 

results both in terms of the digestibility figures and the 

management of the trial. 

Up to this time reports on the accuracy of the cr
2

o
3 

method were diverse. Bergeim (1926 ) ; Hamilton et al. 

( 1 928 ) ; Heiller et al. ( 1 928 ) and Gallup and Kuhlman ( 1 931 ) 

for example reported favourable results. In a further trial 
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vri th a varie ty of an ima ls Ga l lup and Kuhlrnan ( 1 936 ) s ugges te d 

the me thod llnd a l irni t e d  ap:;_J l ic c.bi l i  ty r,rhi le Kno t t ,  e t  a l. 

( 1 93 6 )  I'e:po:L• t e d  the 1re thod c ons ti tut e d "a s eri ous s a c r i f'ic e  

i n  ;_,c cUI' O.cy " as c ow1A:.i.I'e d wi th the moPe c onvell tional methods . 

L'l cc f'uPthe r c omparative tria l , Bo.rni coat ( 1 9Li-5 ) w i th 

lamb s , c r.:. lve s , ue the 1•s a.nd pigs , f·o mld tha t in mos t c a s e s  the 

index ��.e t hoc1 g ave lmvel" Pes ul t s than thos e found by t he t o t a l  

c o lle c t ion l .e thod . 'l'h is vms pa P t ic uls.:L•l y s o  in the rumin an ts . 

lie b e l ie ve d that t hi s was due t o  loweP r e c ov e 1•y o:f the index 

s ubs t unc e than e:q)ec t e d . Among the :fa c  tm•s affe cti ng t his 

ra te o:f pe c ov e ry , he li s te d : -

i .  Lo s s e s  t h:L•ough c h emi c a l  e s t i;no. t i on of C P2o3 in 

fe e d  and :f a e c e s . 

i i .  :Gos s b�r so lution or abs orbti on of C r2o3 in the 

dige s t i ve tpnc t .  

i i i .  Strati r·ic ation of cr2o3 in t he di ges t iv e  t r ac t .  

i v. ��etenti on of cr2o3 in t he di ge s tive t rac t .  

v .  'l'he t i lie lag be twe en :f e e d ing e.nd e.xc 1•et ion o:f CP2o3 • 

That the 1re thod , w i t h  c e r t a i n  impr ovement s t o  t e c hn ique s , 

c ould be a us efu l one , vms bec oming obvi ous t o  a nurrib e r o:f 

w orke rs . I t  was e vident th at the sl igh tly low e r  ac curacy 

o:f the re:f e Penc e me thod ove r• the t ot a l  c ol l ec ti on me th od , 

c ould b e  c ompens a t e d  :f or by the :fac t t ha t  more an i ma ls could 

be 1.1.s e d. 

Kane et a l. ( 1 952 ) and HaPdis on and Re id ( 1 953 )  sh ow e d  that 
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\Vi th rllininants ( in this case c attle ) the c omplexity of' the 

diges t ive trac ts c ould be expected t o  c ont ribute to the une ven 

excretion j) attern of' cr2o3 and its variab le rate of' rec overy. 

8church et a l .  ( 1 952 ) out line d a p ro cedure for the 

de tei'nination of' alJparent dige s t ilJ il i t y  in srrine and rec m� ded 

data Yrhich indicated  that t!1e rate o:f e xcreti on o:f Cr2o3 was 

much l e s s  va r iab le than in cattle . 

'Ehe;{ used a :formula : -

;� ap:�arent diges tibility 
of nut r ients 

== 1 00 (a - b ) 
a 

rrhere a == pD.l"ts o1' nut rient ( D . !.'! . , protein , ethe r  ext::."ac t ,  etc . ) 
per un it index lt1Ll te r i o.l in t he :f ood. 

b == l_J o.rt s  of' t he nut r i ent l_)e r unit index l !lU. te ri c l  in 

f'ae c e s . 

J\. s tudy o:r e .xcret ion pa tterns of' index subs tances Eilld :faecal 

component s mi ght be exl,)e c ted to he lp as sess the accuracy and 

usefulne ss m .. ' index me thods as wel l  as sugges t  modificati ons or 

improvements to technig_ue s .  

During rec ent years therefore the diurnal varia ti on in 

:faec al compos i ti on has received  a ttention :f rom a number o:f worke rs 

in res pect to the us e  of' inso luble markers . 

Diurnal vari ati ons in the :fae c a l  excreti on of' cr
2

o
3 

were 

reporte d by Kane et al.  ( 1 952 ) , Smith and Re id ( 1 9 55 ) and Hardison 

e t  al .  ( 1 956 ) working with cat t le ; Raymond and Minson ( 1 9 55 )  and 
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Pidge on and DPi s s on ( 1 956 ) w i th s h e ep ; Dansky and Hi l l  ( 1 952 ) 

and Liue l l er ( 1 95 6 )  vri th poul tr•y and C laws on e t  al . ( 1 955 ) w i th 

pig s . 

C lE,rm on r e ::_J o r t e d  tha t e:,�c re t i on of c r2o3 by p ig s  s e lf-fe d 

a rati on i n  rrhic h the ind i c a t or ha d been tho roughly mix e d ,  

re e;ul ar> ly vo.P ie d about 5j6 b e tr�e en s ample s taken n t  1 0 . 30 a . m . 

and 8 . 3 0 a . m • •  8amp le s t aken a t  5 . 3 0  a . m. and 3 . 30 p . m . wore 

c le arly 8.}Jj_JI'OXiit .a t e cl  the l eve ls of C r2
0

3 c alcula t e d  f' or 1 oo;& 

recov e ry th::n s am1J le s obtaine d  at o t h e r  ti ne s . 

Diges t i on c o effic ient s comput e d  f rom the me an conc entNi.ti ons 

o:f C.: r2
o3 in f a e c a l  s c.mple s t al{ en :f r om pigs ind iv idua l ly during 

one-day j_.;eri ods , agreed f'a i r ly c lo s e ly \7i th th os e de t e rmine d in 

a t o tal co l le c t i on t ri al of 7 day dm.,at i on . Tab le 7 s hows 

s ome of the s e  r e s u l t s . 

C lm!S on f ur ther sugge s te d  t ha t  a r• ate of rec ove ry of 

Cr2 o3 as low as 90;s could re s ul t  in ap-""l .. eci ab le e r r o rs i f  the 

rat i on or m:t.t r ie:nt in que s t i on i s  of low di ge s t ib i li ty. v·; i th 

sw ine 1•at i on s  i t  could oe expe c t e d  tho. t  the e rror in tl-:e 

rre asurement of dige s t ib i l i ty wou ld be g r e a te r for c rude fib re 

than for the o the r frac t i ons . 

C laws on also f ound t ha t  t he cr2o3 concen t ra t i on in tl-:e 

fae c e s  o f  h i s  a nimals , b ec ame r e  la ti vel y  cons tant aft e r 3 

t o  4 days f r om ini t i a l  fee ding of the marke r . 
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TABLE 7 
Compar is on of digest ion coeffic ient s de termine d convent i onally 

with thos e de rived from us e of Cr2o3 - rati o me thod ( C larrs on e t  

al .  ( 1 955 ) 

Di_ges ti bili �y_ (%) 
DI'y r.Iatter Crude Prot e in 

. · .  .,. 
Lot 1�·o . a b+ a b 

1 
() 0 

3 

7 

4 

5 

2 

1 0  

... ... 

6 

9 

81 80 81 79 " 

79 79 77 77 

80 79 77 76 

8 1  80 78 76 

74 72 72 70 

75 7'1 76 72 

67 67 68 68 

69 67 74 72 

77 74 74 71 

7L� 69 71 65 

- -

a : Diges ti on c oeffic ients det ermine d in conven ti onal 

tPials of 7-day durati on . 

+ 
b :  Diges t ion coe ffic ient s derived from us e of Cr2o3 -

rat i o  me thod ; faec al s ample s  t<�en rec tally 

twice dai ly on 3 consecut ive days and compounded 

by l ot s . 

I t  might we ll be pos s ib le f or the type of feeding t reat-

ment impos ed on the an imal , to have an affec t on faecal ex-

cre t i on patterns . Moore ( 1 956 ) investigated the faecal 

--
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excre t i on pat t e Pns o:f Cr2o3 , c rude f' ib re , crude p r o t ei n  and 

ash . 

In a s e rie s of thPe e e xpe ri rre nt s , pig s  we re f'e d a t  

dif'f'e rent ti m� s  oi' the day , v i z .  tu i ce o r  tl1r e e t i me s  da i ly . 

c r2o3 ,  c rude prot ein , c r �de fibre �nd C r2o3 - free ash 

\7e Pe excl'ete d in ti1e i'aeces of pigs in re g ula r da i ly _i.!at t e rns , 

Villi c h  to a c e rt e. in e xt ent \/e re c ilU I'ac t e l'is tic f o l' e ac h  1J ig and 

de}Jenclecl U2)0l1 t he len[;tll  of ti rrB ·oe tween tee ds . ( :B'ig . 5 )  1-' e aks 

i n  c r2o3 c on c e ntro. t ion o c c Ul' re d  b e twe en 24 and 2S h o ur s a f t e r  

e acll :t'ee ding . 

D"LU' ing t he f'i :e s t  4 ho ,u's oi' di e;e s t i on the r a te of' lJa S S &ge 

of' nj. tro [.;enous r.w. t e r i :-:: 1 fl'O El the s tomach int o the s ma l l L1t e s t i ne 

YW.S lirLlCh [:;PC H t e p  th< -.11 tl11:-.t of· the dpy ma t t e i' . 'l.'!1e d ry nlr'l. t t e P  

Yla s  i n  t u ::.TJl  Pe uov e d  from t he s to ma ch a t  u moi'e r:::.l.i d  1·o. t e  t �1an 

c Pude f i.b rc . 'l'hi...lS obs e rv e d  diurnal v � . r i a t i ons in 1'c. eca.l com-

::_:. o s i ti on c ould ·oe e xr l c. L1e d in te rLJS of th e dif fe ren t i a l  ra t e s  

o:t' }.Ja s s  u.ze of :food c o.tJ.S t i  t ue nt s from t he s t om;.::;c h . 

L'l one ex.:_Je r iue n t ... o or• e ob t c.•.i nc d  re c ov e r ie s or· i ng e s te d  

G r2o3 as lorr a s  83;� for no app arent re a s on . 

In a fm-. the l' papeP Lio o re ( 1 957 ) evo lv e d  a re l i ab le J:.- D.r t i a l  

s amy ling tec lm i g_ue for the c r2o
3 

me thod , us ing t he  r e s ult s from 

h i s  p re v i ous l'e por t . 

Thi s  invo lve d the c ol le c ti on of a re lat iv e l y  small pro-

p o r t ion of the d a i ly outpu t of f ae c e s  wh i c h  on an a lys is would 

pr ov i de an accm .... a t e  va lue for t he diges tib i li t y  c o e ffic i ent of 

any part i cula r nu tr i ent . 
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Ivioore de t e l'Iiline d the e ffe c t  o f  t he nwnb e r  of rand om s am1J le s 

of f a e c e s  c o l l ec t e d  on the maximum err01, invo lv e d  in the de te Pm-

ina t i on of the d iges t ib i l i ty c oeff':L c i en ts of the co ns t i tue nts . 

Re sul ts & l'e s J.1ovrn diagl,&rnma t i ca l ly in li'ig . 6 .  i� rc:m dom sawpl i ng 

teclmi c;-�ue c ould b e  apJ:, l ie c.1. to t he de te rm in a t i on of the dige s t ib-

i li ty c oc :L'I' ic i en ts m_., ury ua t tel' ,  c rude :urot ei n  and C r  2o3 - free 
ash r1i th a f a i r  degree of' a c c m' acy . 'rhe s amp l ing rm th od c on-

s is t e d  of c o l le c t ing trfo SC.:.l:ll-J le s of fa. e c e s  each day , each 

amounting to o.bout 1 0>� o f' tl1e t ot <.� l fae c e s  f or the da.y . 

rra s , o.s in tl:.e �� r>evi oll.S tri c.l , inc orpor r .. ted in t:ne d i e t  a t  a 

level of 1 ; ;. 
T o  obta in a re l iab le v u. lue f or t he d ige s t ibi l i ty oi' c l,ude 

f i1) re llmiever , the nwnb e r· of' random s c.;_,fll; le s that mus t oe t e ken , 

noulc1 r.Jnolm t almos t to 2. c ou:;_- le te c o l le c ti on of t o t a l  da i ly 

f ae c a l  produc t i on . i.Joo r·e f ound t h c.,t u...n 80 -90. ; c o :2. le c t i on oi' 

the d n i ly fa e c al .i.Jr oduc t i on v1a s  r e qu i r e d  t o  re duc e t he error 

t o  the v ic ini t y of ± 2  dige s t ibi l i ty unit s . 1� a ls o c a lcula te d  

that n itll  t i le c onv en ti ona l t o t al c o l l ec ti on me thod , b e c aus e of 

the pr ob l em of quan t i ta t ive fae c al co l l ec ti on , a l os s of 1 0 56 

of tlle f' <::;_ec e s  vr ould introduce a pos i t i ve e rr or of + 7 .  7 di ge s t-

ab i l i t y  uni t s . 

l':Ioore e:X:I)l a ine d the abov e t rends in t e rms of t he diurnal 

v a riat ions of the d ige s t ib i l i ty c oe ffic ients as found in his 

prev ious tria ls . Diurna l v aria t i ons were gre ate s t  f or c rude 

fib re dige s t i b i l i ty c o eff ic i ent s . 

In dis cus s ing the mos t  s uit ab le t i mes of s amp l ing , 1/Io ore 
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p o in te d  out t hat fae c a l  exc re t i on p tit te rns depende d on the 

me thod of f e e ding , type s of' f ee d  us e d  and on the indi viduali ty 

of the pi g . unl e s s  tll e pat te 1•ns n e r'e la1own f or any part icular 

c o mb inati on of the s e  fo.c t or s , i t  w ould be dif f' i cult to 1)r e di c t 

a s u i  t s.ble t iu1e of tJ.1e Q['l.J in -vr hi c h  f' &ec e s  s hould b e  S blr!p le d . 

The 1.1e t hod doe s  h o llevei' , a l l ow· t11e us e of mor e aniwal s , 

in wl1 icll cr.:.s e r11any o:f the v u. r i s. ti ons ob s erved c an b e  c ornpens a t e d  

f or' .  

In c o nt r<:.ts t t o  1.ioo r>e ' s  s t udy , with hand-f e d  pigs , 1iorve. th 

( 1 9 58 )  obs e rved f�ec & l  lJ &t t e rns in swine whi c h  we re s e l�-f e d  • 

. .  he:ee as l.; o o re f ound thre e pe a}:s in exc r>e t ion of f E e c a l  c on-

s t i  tuen ts Hhen h i s  anLHOJ. l s  we re i'e d t1J.l' e e  t ili le s a day , �-Iorvc: t J.1 

found t !K,t in s e li'-f e u  c;.n L.w.la diurnc. l f luc tuuti ons ov e r· l ap.z:.!e d 

\V i tJ.1 tne inc :L"' e 2.s e d  fl"'e que ncy of 

var• i at ions in COi!lJ..JOS i t i on . lie 

eati ng , thus minillii s i ng 

f\1rt!1e P s ug ge s t e d  that any 

di1'fe :L, en t i o.l Pa te of yas s u. Le , through the s toma ch would d im­

ini sh rri th tl1e mix int: of' f o od c ons ti tuent s a s  t hey pa s s e d  

t11rough tne uppe r large i n t e s ti ne . 
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PART I I I :  

OTH.GH C H�LIICli.L PROC�Dui-?.1!:8 I :uVOLV.C.:D IN NUTRIT ION 

STUDIES 

Devi s e d.  a t  the w v e ende �xpe ri ment a l  ::l ta t i on in Gepmany 

in 1 060 , the- Henneb e rg an alys is is t he mo s t  gene ra l ly us e d  

c hemi cal s che me f or d.e s c r ib ing f o ods tuffs , i n  s p i t e  o f  t he 

fac t tha t t11e infornmt i on i t  g i v e s  in many ins t anc es ,  may b e  

of t he unc e rtain nut ri t i onal s i gn i f' i C ELnc e and of ten mis le a d-

in g • 

• \cc m•di ng t o  the sys tem a f e e ds tu:ff' i s  part i t i oned into 

s ix fro. c t i on s : wa t e 1• , e the r  extrt:.c t ,  c rude f ib re , n i t r ogen 

fre e ex tpa.c t ,  crude }_)Pot e i n  <md as h . 

C r&rnp t on ( 1 956 ) in his b o ok 1 1i'..Pl-' l i e d  1 1Yl h1e. l l�ut 1•i ti on 1 1  

dPaws a tt ent i on t o  the l i mi t a ti ons of the 1fennebe rg sys tem . 

'l'he lienneo e rg analys is i s  not as is s o ue t i mes e rr on­
e ous ly supJ)os e d ,  an a nal;ys is of the nut r- ients o f  the 
f o od .  .b&.Ch of tJ.1e c omponent s , e xc ep t  wa t e P , repr-• e s en ts 
a c omb inati on of s ub s tanc e s , s ome of wh ich ape nut r ients 
oP c ombina ti ons of' nut l.,ient s and s o rre  wh i ch a re of n o  
nutri ti onal va lue t o  the an ima l at a l l--- i t  i s  an ind ex 
of nutPi t iv e  v a lue only b e c aus e the frac t i ons that i t  
i s o la t e s  a re c o Pre la t e d  w i th s ome o f  the prope r t ie s  of 
:ree ds that hav e  nut ri t i onal s i gni f i canc e . 

I t  has l ong b e e n  rec o gn i s e d  tha t dige s t ibi l i ty of nut-

r i ents in fee ds is r e l a t e d  in part to chemi c a l  c ompos i ti on . 

S chn e i de r  ( 1 95 2 ) s t a t e d  tha t any inc re a s e  in the a c c ur a c y  of 

pre di c ting diges t ib i l i ty c oe ff ic i ent s c o uld only occur when 

more infopma t i on was ava i lab le f ro m  dige s t ib i li t y  expe Pime n ts 



in nllich til e che rai c al ana lys is was more p rec is e than the 

Hennebe r g  ana lys is . ili1 in cre asing numb e r  of w orke rs are 

novv carrying out a mor e c omJ? le t e  G.n a lys is of t he c ompone nt s 

of fee ds tuffs . S inc e t h e s e  methods ape of t en more dif f i cu l t  

and t i ue c onm:uning t hc.n t h e  Hennebe rg th e ir v a lue ha s t o  b e  

c are f ully s tudie d . 
The c :e i  t i c i s ws of' ._;pamp t on ( -1 956 ) on the Hennebe rg 

an alys i s  c an be sw-1J.u1e d  up as fo llovrs : -

The dif' f i c ul t i e s  l ie : -
( a ) in denlDndi ng s o rre th ing f rom t he an[:. lys is tl1B. t w i th our 

e xl.JClllding lmorlle dge o f  nutri t i on u e  th ink des i r c:b le , but 

vih i c h  t:ne s c :i1eme rH l S  ne v e r• intended to give . 

( b ) in ouJ.• f ai hu� c , b e c ause of -cmc r• i t i c 8. l  or e rr one ous 

t hinkins; unc1 de c1uc t i on , to Pl'Ol_.;e :t: ly i nt e PJ:)re t the f i gur e s 

this ill1E� ly s i s  y i e lcl s . 

L!ode l"'n 1mm·v l e dg e  o:r nut r i t i on ha s b e en SUJ:Jl..�le ment ury 

t o  c.1 ige s t i -ui li ty do. t a cle rive d  b�,- t he i.Iennebe rg ,  ru the r 

tllon & l"' ep lac ement f or i t .  

The a ccui• ate es t irna t i  on of the conc e nt rati on of C r2o
3 

in fee ds and f ae c e s  vvhe re i t  is us ed a s  a dig e s t ibi l i ty· 

index i s  obvi ous ly v it a l , if rel ia. b le e s timat e s  of dige s t­

ib i l i ty are to be obtaine d .  

Owing t o  c e rt a in fac ts wh i c h  c ame to l igh t duri ng the 

pres ent tri a l  whi le att empt ing to s tanda rdis e an anal yt i c a l  
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proc e dure for d e te rmininc; c r
2

o
3 

c oncentrati on ,  a rev i ev1 and 

di s c uss ion of thi s t opic v1i 11 appe&r in Chapte rs IV and V. 

3 .  GROS:::J &i��-{GY DATA 

In r e latin�: 1 11e thods of e x�n·e s s ine; nutri ent requiPement s 

to � ig nut ri t i on �art I of th is Rev i ew indi cated t hat w i th a 

ue ll b a lanced r a t i on and he althy an imals in a g o od env ir onmen t ,  

that rrhicll liuli ts crorv th is the in take of dic;es ti  ble ene rgy . 

:Lodge and I.uc as ( 1 958 ) sue;ges t e d  tha t if enei·gy int ake 

rrere re duc e d  t11e growth ra te would b e  s l mier and in cons e quenc e ,  

the P e qui re!;lent s for the o tlle r n ut r ient s would be l e s s . I t  

\'/ ould 3.i)�- C '-'-l' the refore tl:1at a 1o2;i c n l  llleasur ement for many , 

a lthou,r;d1 not CLl l , ( e . s. minerals , vi t01ni11s ) nut i•ie nt s  \1o uld 

be in tc r-us of avc.i lab le or> dig e s t ible ene rgy. 

;,;ayno. rd ( 1 956 ) rec or> ded t ho.t the expre s s i on of a fe eding 

s t a:c1d.2. rc1 in t e l'l11G of the e ne i'VY v alue of· a food was us eful , 

b e c aus e tJ:w l� . l�ges t  f1mc ti on of f o od vrc..s to furni s h  ene r (;y 

fo1, b ody 1/t' oce s s es <:.ncl t o  help f m,m the non-ni t1•or enous , 

o rgan i c  ms. tt e 1, of t i ssue s  and se c r>e t ions . 

I.1any diffe rent me as ures o:C f ood energy exis t ,  e . g . t ot a l  

diges t ible nut r i ent s ( T . D . N . ) dige s t ible energy , s tarch value s , 

metabo l iz able energy . J.lo mea s ur e  of us eful fue l ene rgy c an 

be exact in i ts app l ic at ion . L ike mos t o ther feed s tandards , 

many v ar i ab l e s  are involv e d  ( part icularly in drawing the line 

be tween the tot a l  amount ava ilab le and the a c tu al amount 
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ut i li z e d  by the an imal . ) The f ie ld i s  however , an imp o rt ant 

one for l'e s e e.1•ch . 

" �  Domo v s. l o rime t e r  vms ava i lable in the J>r e s ent tri a l ,  

for the d e t e PHlina ti on of' gpo s s ene l'gy of' f ee d  an d  fae c e s  • 

. .  h i le B.l)l>Pec is. t ing t hat r.;Po s s  e ne rgy f i gUI' e s  do n ot acc ount 

f oP c e p tr.:.. in e n e rgy l os s e s  duPi:'1F me tab o l is m  of' feeds , i t  vras 

c ons id e Pe d de s ir &ole to s tudy a f ew gro s s  di g e s t i b l e  ene rgy 

fi gul'es in t h e  hope of' f inding s orre gene rnl Pe l u. ti ons h i p  

app l ic a o le t o  t he r e s ult s of the t r ia l .  
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EXP .C.:RI1vllil'if TAL 

The ti' i a l  t o  b e  des c r i b e d ,  was c arrie d out b e tv1een J\me 

and Septemb e r  1 959 and the lab ora to 1•y wol'lc du ring mos t of 1 9 60.  

Prom June t o  the early part o:f ,July 1 959  a :vr el imina ry 

t r i a l  VJas c onduc t e d  w i t h  a small numb e r  of' an ima ls . As t hi s  

rms the f' i1• s t tirae tha t a tpi a l  wi th yourlE'; J:) ig s  had b e en 

c a Pl'ie d out in t he t e s t f'att ening hous e ,  the purp os e  of' the 

pPe l iminary tri a l  was to e x anine e::x:j,Je rirren tal te chn i que s , t o  

te s t  e quipme n t  and t o  s t s.nd ardis e lab ora t or y  ana lyt i c a l  pr o­

c e dure s , rrhi cll mi ght be us e d in the ma in tpia l .  

The mo. in tl'i a l  Y/as c arri e d  out :f r an mid J uly t o  e arly 

tiept emue r , 1 95 9 . Over a 5-rree k te s t  p eri od , y i g le ts we ane d 

at th ree rreeks \7 e re fe d the expe rirre nt a l  f'e e d  mix tupe s . 

:B;xp er imen t a l de s i gn and mana gement of' the 1n .. e l iminary 

s tudi es are de s c ri b e d  in �art 1 of 0 e c ti on I I  of th is Chap te r  

and that of the ma in  tr ial i n  J:'ar t  2 .  



F ig. 7 In te r i or v iew. 

TEST HOU SE 

Fig. 8 Exte rior view . 
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I I • IviAT:lliRIALS AliD :.lli'l"'Ii ODS 

Both the l� re liminar;y- and main t ri als were c onduc te d  in 

the t e s t-hous e of the i\1as s ey Agr ic ul tur-al C o l le ge Res e arch 

Pi gge ry . 'rhi s  t o t a l ly enclos e d  and w e l l  ins u la t e d  Dan i sh 

type ex}jeriment al fn t tening hous e vras comp le te d  i n  1 956 .  

( Se e :.h �s . 7 and 8 )  I t  c ont ains 2 8  ind ivi dual pens and i s  

e quippe d ni th an automa ti c a i r  t empe ra ture c ont ro l un i t . 

A i r  c i1• culo. t i on in the 1wus e works on the princi p le of for c e d  

v en t i le. ti on . .i\.i r  }_Ja s s e s  f'rom the c ont l'o l 1.mi t into the in-

t e ri oi' of the hous e tnr·ough duc t s  which have the ir openin�s 

in t he c e i ling . 

The s e  c an be s een in .�.•·ig . 7 wh i ch s h ovl S th e int e P i or' of 

th e h ous e .  i'e:c1s are ar>r ange d on e i ther s i de of a c ent r>al 

rac e . At t he b ack: of e a ch pen i s  a d-un,2"ing are a , each 

s epai• a  ted f rom the next by a movab le ga t e . l•'or c l e an ing 

out the s e  c;r, te s svring -oack agai ns t t:ne p ens to fo rm one l ong 

dune; }.J as s age on e i the r s i de of tlJe hous e .  Fi g . 9 giv e s  pen 

dime n s ions . 

Chemi c a l  ana lys e s  of f e e d  and f a e c a l  s amp l e s  were 

c arrie d out i n  the lab or a t o r i e s  o f  the r.1ass ey Bi och emi s try 

Depa r tnJent . The dry ma t t e r  ov en of t re  Dai ry Re s earch 

Ins t i tute was us e d for drying fae c a l  s amp l e s . 
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li'otU' :Uai'ge . .. 'hi t e  x BePlcshiPe barror�s o f'  6 we elm of' age 

and vre i ghi n.ts 20-25 lb were us e d .  'l'wo a.:n irnals re re all o t t e d  

a t  random to each of' t'No pens • 

C ont inuous th e rmogral_Jh r e c ording s s 1wv1 e d  t hat the day 

6 0 0 
ternpe ru t upe s ins ide the t e s t  h m  .. 1S e , f'luc tu<:, t e d  :from 5 -70 F .  

J.<.;x t e rn a l  tempe r0. t ure s du.ri nc; the s ru. 1e 1-' eri od of t in1e rang e d  

\..ln a nunib e r  of o cc as i ons :fros ty n i ght s 

uere l'e s pons ible fop out s ide temp el'a. tures in the 30 °F range . 
undei' the s e  co:!l.d i t i ons , t e m}:Jerc.. tur' e s  \7i thin the h o -1.s e  fe ll t o  

about 60°F fo:c' a J!e r i od of' 2-3 l lours , us ually i n  the ve ry e a r l y  

ho·u.rs o f'  t he morning • 

..::ach J.Jen was e quipp e d  \I i th a s e lf-fee de r ,  w hi ch enab le d  

a dry ue al m:ix ture to be of'f' e r e d  ad l i  bi twn . The an imals 

were p lac ed onto the e xpe Pime nt al d i e t  :f or a p e r i od of' 1 0  days . 

The c om1Jos i t ion of this di e t is s hovm in 'l'ab le 8 . 

B e c ause of' the hygros c opic n ature o f'  whey powde r , mix ture s 

i n  vrhi c h  i t  is incl u de d  are inc l ined t o  "c ake " . By u s ing the 

mixtup e  des c ri bed ( c ont ai ning 45% of' whey p owder ) i t  was p o s s ib le 

t o  t e s t  i t s  :f low in the se lf'-f'e e de rs and t o  make obs erva t i ons 

on i t s  gene ral us e .  
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X ... . ,, 

so . 

'l'ABLE 8 

O omposi t i on of ex];Je rirren tal die t  for pre ­
liminary trial . 

Ingre die nt 

'. !hey poride r 4501 ; 0  

bu. t tel'!.Ji llc ponder 30 

L'te at mea l  5 

bar l ey l!le o. l  1 5  

8un· ar <� 5 

,· .. . � �-'-Pac " ( Vi t . 1 o , ooo I . u . � ..!"1. . 84 2,1llS/1 00 1 b Vit . D :  1 , ooo I . U .  
1 1Ve t s :t.Jen " ( 1 ' ;  J;JI'oc o. ine penic i llin ) b ozs/ 

1.<'e rrous sullJhccte 75 gms/ 

i.:ango.nc s e  s ulphate 1 2  I f  

C o :pper sul:I.Jhate 5 I f  

L:J inc SU12_"Jho.te 2 . 5  " 

c o·oal t sul:pht:J.te 2 . 5 I f  

i�otass ium iodate 3 

+ Unneut ral is e d  lac t ic c asein whey povrder 

( an alys is : 'l'ab le 5 )  

I f  

1 1  

1 1  

" 

I f  

I f  

I f  

1 1  

Guaranteed minimum crude prot e in c ont en t : - 57% 

x .r?.ol l er drie d 

dry mix 

1 1  I f  

1 1  1 1  

" 1 1  

1 1  1 1  

" 1 1  

1 1  1 1  

I f  1 1  

Thi s  mixture was in fac t , ident ical  t o  experinent al fee d 

t re atment IV, planned for the main trial . Of all the four 

exper iroon tal die ts use d  in the main trial ( s e e  .L · art 2 ) ,  No . IV 

c on tained the mos t  whey powder . 

--
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A b ulk quan t i ty of' the experimental mix t ur e  was prepaped 

bef'oPe conD.aencement of the t r i a l  and c hromium oxide was in­

c orp or a ted in i t  at a level of' 1 %  (by weight ) .  
:e::ach pen was equipped w ith BTl ad lib supp ly of' v1 a t e P  and 

s _pe c i a l  s leeping gnar t e Ps . 

'i'h e  ma in lJUrpos e  of' this :p Peliminary tP ia l , rra s  t o  t e s t  

e quiprnen t o.n u  s t e:.nc1<:t:t.'c1i s e  t eclmi �ues t o  b e  u se d in the n1a in 

tric..l .  

( i ) u c lf' r:�e ders 

'l'hese rtere c ons true t e d  of ga lv an i s e d  i i•on shee t s c rev1ed 

onto a i"iooc1eE f r>C"liaevlol'k . 'rhe unit was \l irecl ont o  the s i de 
o f' the �L;en ( s ee ::,' lgs . 1 0 and 1 1  ) • 

( i i ) D:r· inking tro_ughs 

l. 1 o i"l rovi s i on had been made in the tes t-hous e  f'or individual 

pen clPinking t roughs . i� s e t  of t roughs was c ons tPuc ted by 

cut t inp: L�-ga l l on keros ene t ins l ongi tudinally and a t t ac hing 

them w ith s tr�ps of' hoop iron , to  a s olid wo oden bas e ( see 
Fig . 1 1  ) • 

( ii i ) S le eping quar te ps 

I t  has b e en sugge s t e d  by a number of authors that t he 

b ody t empe x•ature pegula ti ng mechanis m in the newb orn pig is  

not ful ly  deve lop ed . Sub s e quent devel opme nt of' th i s  mechanism 

he a t  r egulat i on is p o or compared with many o the r s pe c i e s  of' 
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d ome s t i c  lives tock ( I-Ie i tman and I-Iughes 1 949 , 1 9 51 ) . 

'l'em1je r>a tur e adap tion in the ba-o ;;r pig was studied by 

· . .  a l la ch e t  a l . ( 1 94o ) ; r� evlland e t  a l. ( 1 949 ) and Pome roy 

( 1 953 ) . 'l'hes e  a u thors found t ha t the rec ta l  t empe rature 

of the newb o rn  p ig fell a t le e.st  3°F s hor tly after b ir th . 

1'11e t i1,1e t aken f' o r  the pigle t to reach the 1 1nor ma l "  b o dy  

0 
t eElJ..J e ra ture of 1 02 . 5 F dep ende d on a numb e r of fac tors . 

Th es e inc lud e d  the abi li ty o:L· the J_Ji2: le t to find i ts way 

round t o  the s ow ' s teats , ( this depend ed on t he v i gour o f  

th e }.Ji gle t i ts e lf ) , the s upply of mi lk ene rgy and t.r..e 

In env i :J: on.ilent s of 

70-75
°

1:<' , b o.by :P ies  PCC.•.che d "Lhe norma l b ody temi, e r a t ure in 

u.b ou t 2 du.,y"B • _,ven c.. t one month of u.ge l� ig le t s  on l orr 

plc-.nes of nu tr i t i on , and i n  p o o r  lle & l th we re tul£'·. b le t o  

t o le r c. te l orr t el. lj_Je Pc. ttu.'es  as \'/e ll c:.s r11or e t hri 1·ty 8n imo.ls . 

Llo r·e c r·i  t i ca l  \70Pk is nee ded t o  de ter-mine tl.re i uea l 

t ec1p e ra t-ctr e s  :t.�o r  o..:.-' tinrwn gr owth o.nd tllP i f' t  o:C 1.-' igs in the 

3 week - 8 week aee range . '.L'enwe ra. t ur e s  b e tv1e en 60°P and 

75°'b, a re c ornnonly quoted in prac t ic a l  recOifl..lHendu.ti ons . 

It  i s  a gene ra l obs e rvati on tha t be lo� c e rtain t emp-

era ture s , p ig s  a t  a l l  age s , often huddle to ge ther in a he ap , 

s o  re duc ing the s 1..1.r face a r e a  expos e d  t o  the atmo sphe re . 

Thi s  t ends t o  r e duc e the r a te of he a t  los s  to the sur roundings 

and has b een des c ribed a s  the 1 1 c ommuni ty heat ing " effe c t .  

As ment i one d , the p res ent tria l was the f i r s t of i t s  

kind i n  the te s t  hous e . This la ck of previ ous exp er ienc e 
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c ombined w i th s o  few cri t ic al observe. t i ons reported in the 

l i  t c rc. ture , ldade it  dif:L i cul t t o  predic t whe ther the 60-70 °F 

teml_-)e rat ure range \"li thin t he tes t hous e ,  would b e  suitable :f or 

younger pi gs . 

'l'o tc:Jce a..dvc::nt age o:t: · · c ouunt.mi ty he ating 1 1 , two p igs we re 

plac ed in ec.ch pen . In adc1it i on , s le el; ing quarters were 

p rov i ded in the i' ornl of a tea ches t l<..t id on i ts s ide ( s ee  

:t<'i e . ·1 o ) • l t  Vi2. S h0}.1e d that tile c.. ir te lfll;ers ture \<Vi thin th is 

she lt er,  wi ti.l t i.1e con tribut ing warmth of the inma tes , r1ould 

b e  in c. , , iore sui t e: .. b le range for their -,,e l l  being . 'l'heo;:e t i co.l ly , 

such a sne lter  would be les s J,;rone to ex1-e ri enc e  the t empe rature 

flue tua t i ons c onu.ton to the res -.:, of tne 1. 1 0use . 'l'enr_t.jer;;:. t ur'e 

reo.dings uere tuken ins ide the shel t ei' ,  l.J eri odi cal ly . 

(b ) Inco F1Joro.t ion of c r2.Q3 in the food 

( i ) Lixing in the i'uod 

·. ii tl1 a s ystem o:r a d  l ib fee ding, capsule adminis tra ti on 

of U I' 2 o �  is not sui taole , as dai l�l f' ood in take is not known • 

.:J 
A buJJc quant i ty of the exverim:mtal feed mixture was thus 

pr>epaPed ·oefore the start of the t ri al , in which cr2o3 was 

incorporated a t  a leve l of 1 %. 

( ii ) Prob lem of " s e tt ling out 11 of: the ind ic ator 

Ow ing t o  the hi gh s pe c ific grav i ty of cr2o3 
( 5 . 21 ) and 

i t s  very :fj.ne s tate of s ub-div is ion ,  i t  i s  l i ab le t o  s ink 

to the bo ttom of fee ding troughs or cont ainers . Al though 

Barni coat ( 1 945 ) ,  f ound no " s e t t l ing out " of the c ompound in 
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h i s  tr• i nls , s ev e r a l  o ther w orkers h ave rep or te d  s ti•at if' i c a t i on 

of the s ubs tanc e in f e e d  mix tures . 

As men t ione d the f e e d  w e. s  mix ed and s t or e d  i n  bulk . 8 amp le s 

were p er i o di c a lly t aken f o r  ana lys is f r ora dif f e rent leve ls o f'  the 

s t orage b ins and f e e ders . In addit ion s eve r a l  s a.mr> le s of each 

of' the experimental mix t ures t o  be us e d  in the main t P i a l  were 

p l'ep s.red ancl s tm .... e d  in glB. s s  j o.r-s . '.1.'he s e  w e re sh alm n fro m t ine 

to tine , t o  s imulate handling cmd eX81Il ine d f or s igns of O r  0 2 3 
s t pa tific a t i on . 

I t  vws f'e l  t ti.1a t several advant ages w ould a c c r-ue if' feed 

pe ll e t s  c oulcl oe us e d .  'l'he s e  inc lude d eas i e r- handling of' the 

f o o d ,  le s s  \ W. s  tage t hr-ough S J.-'i l.Lage f'P om the s e lf'-1'e ede rs , l e s s  

t endency lJe rha:.:Js or " c aki n g 1 '  in the :i:'ee de rs and a b ov e  a l l  a 

me c..ns o:t' ·o indin g  f e e d  ingr-e die nts to J.-' l'event s t ra t if ica ti on of 

the index mo.t e ri a l .  U ons e q_ue n tly s am.!.1le s o f  the fee d  mix ture s 

wer-e sent t o a l oc n l s to c k  fee d f i rm t o  see whe theP pe l .l et ing 

was p os s ib le . 

( c ) Sampl ing of' fee d  and f a e c e s  

P e r i o dic s amp l ing o f  fee d fpom the se lf'-f'e e de rs a.nd s t or age 

bins pre s en t e d  no re al pP ob lems . Sc rew-t oppe d  gla s s  j a r-s wer-e 

use d f or s t oring the s e  s amp les . 

, /i th fae c al s ample s h owever , a s a t isfac t o ry techni que of 

c o ll ec t ing , dry ing and s ub s e quen t s torage f or ana lys i s , had t o  

be inve s t ig at e d . 

The l i t e ra ture , Peviewed in Chap ter II , indi c a t e d  that whi le 
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a 1 0 -20�b 1 1gl'a-o 1 1 s ample of the t otal dai ly :faeca.l output was 

1'a irly S E.'·. t i sfa c t o ry , c olle c tion of larger daily samp le s was 

like ly to giv e 111ore accurate es tima t es of diges tibi lity. This 

was 11 ar t i cularly so as f&r> as crude :fib re dige s t ib ility was 

c onc e :L  ... n e d . 

The proc edure adopted was to talce c ollec t i ons a t  app rox-

ima t e ly 7 a . m . ancl 5 p . m . e ach dc.y , o.f ter a 5-day pre limina ry 

fe edin g p e r-i o d , s o  as to c ove r b o th night and day v oi dinps . 
C o ll e c t i on c ons is ted o1' p la. c i n c;  a l l  t he rmc ont aminate d :f a. e c E•. l 

mate ri a l c .. v e. i le
.
u le ( i . e . unc ont ami:nc:. t e d w i th ur ine , fe e d ,  e t c . ) 

in to a 6 1 1 x 6 1 1 s hc:. ll on c c:  .. ke t in . D&Ch tin \·/as nwab e re d  for 

refe r enc e ,  one t in beinc; us e d  pe1 ... :t · en , p er co l le c t i on .  li'i l le d 

t ins nere the n  :C) laced i11 a s :,_..;e c i c. lly cons t ruc t e d  rro o den c on-

t o. i n e r  and t Pu.n s :yop t e d  t o  -c :i1e dry in,c::: ovens . 

C o ll e c t ion \ias i tlftde n i gnt &.nd morninc ov e r  th J.·e e c ons e c ut i ve 

day s . l•'ol' the c onven i en c e  of dr;y·ing , HlD. t e r i a l  fro m e a ch c o l lec tion 

and pen was kept s elXH'U t e . Dr ie d 1nc. t e r i a l  was bulke d t ogethe r 

on a v er }_,en -o as is f or the three day pe ri od s o  tha t two bulk 

s am}? le s re sul t e d  ( i . e .  one f o r  each pen ) . The se vvere sub-

s e que n t ly �round in a labor a to ry mi ll , quartered and s tored  

f o r  analys is . 

Observati ons and a d jus tments wer-e made on the drying oven 

to :f ind the 1 1os t suitable time and t emperature combinat ion .  

( d )  Chemic al an a lys is of s amples  

( i )  Cr�3 
cr2o3 c oncentrati on in :feed and faecal s ample s  was de ter-
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m ine d b y  the me thod us e d  by Barn ic oa t ( 1 945 ) . 1 v'hen this 

me thod pp ove d un sati sf-ac t o ry ,  that of S tevens on and de Langen 

( 1 960 ) -vvas us e d . 

( i i ) C ompos i t ion of' f ee d and 1'aeces 

Hennebe rp; an e.lys e s  of ·ooth feed ond faeca l  samp le s were 

c arrie d out .  

( ii i ) OtheP analys es 

A tri a l  rtm Via s  i11a de vr i t h  a bahle r-C ook Bomb C o. lorime ter , 

for es timat ion of the gr·os s e ne rgy c ont ent of feed and f ae c e s . 

'1'he me thod of 1.\. i c ha r ds ( 1 959 ) f or t he es ti;m:>.t i on of reducing 

Sl:�.r;ar rras a l s o  t r ie d out on :fe e d.  and 1' n e c a l  s a mp le s . 

( e ) Hec ordinc Dnt.a 

�m e ff' i c i ent sys t em of' data re c o Pding is  e s s ent ial t o  any 

A s e r ie s  of data s heets we re cyc los tyled 

oi' f  :t'o r l"e c ording rre i gllt dat e. , f e e d  C:ta to. &nd co ll ec ti on da t a . 

Ov u l.' each :;)en rms p lac e d  o.n ob s e i>v a t i on c a rd gi v ing a l l  the 

r e l e vant infoi' Jao. ti on on the inma te s  ( rr,row th rec ord , co llec ti on 

days , feed c onsumpti on checks , etc . ) .  

( f' )  Genera l 

'rhese pi>e liminal'Y s tudie s gave an oppor tuni ty t o  obs erve 

whe the r or not suc h  young m imals c ould be handle d under t he 

expe riment a l c ondi t i ons . 

ma de . 

Ad jus tments to e quiprrent we re als o 
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KEY TO FIGURE 1 2 

EXPERIMENTAL PLAN 

1 • PIG NUMBER & SEX 

2 .  WEANING DATE ( 3  WEEKS OF AGE ) 
3. \VEIGHING DAYS 

4 .  MEAL CONSUMPTI ON CHECK-DAY 

5 .  FAECAL COLLEDTION DATES 

6 .  5 8TH DAY OF AGE (C ONCLUS ION OF TRIAL PERIOD ) 
7.  FEED TREATMENT 

N . B. This plan is orientated in the 

same way as the pho tograph of 

the t e s t  hous e shown in Fig . 7 . 

Pen numb ers ( 1 -24 ) are shown in 

the c entre of the plan . 



PART 2 .  !:J'i.Il'T TRI AL 

57. 

1 • Al.JI • .IAL0 LJG�D iu,"D .wX .• : . . -::-:Jl i,�l.�'l'AL_J).bSI_GlJ 

A randomis e d b l ock de s ign was us e d ,  "IV i th a t ot l:'l . l of' 6 b locks , 

e ach b lock c on t aining i�ou r pens . ·. fi th in e a c h  b lock of' four yens 

the f'o ur ex;_-.e r ine nt al f' e e d  t r e a tme nt s r�e re o..s s i o1e d at random, i . e .  

one t re a tnent 2:' er p en . Thus a t o t a l  of' 24 p ens was us e d  and 

e ach of t he fotU' t re a tment s \r as I' e i_) l ic a te d  s ix t in� s . 

4o Large , 1 h i  t e  x BePlmhir e p i g le t s  vre r•e remov e d from the ir 

dams o.n.cl. iJr ouch t in to t he te s t  hous e at 2'1 days of' age . 

To e <..1. c J.1 of tl1e b loc�;:s de s c ri be d ,  e i ght l i  t te 2rna t e s  were 

a lloc 8.t e d  at r<.::.�l dom ,  i . e . two per jJe n . In s e lec t ing the s e  

l j_ t t e i•r.18. t e s hmlc v e r , l iv erre i gh t  and s ex were teJce n i n t o  a c c otm t  

s o  tha t rrhe 1•cver },J o s  s i  b le e o.c h  l;en n o u. ld c ont ain l i t  te rma t e s  of' 

Invap iably 

t�1e re r1a s  not :::..1':/uys an e q_ual m:m1b e r  of· o oaJ."S and p,i l t s  in e ach 

l i  tt e 1• . G ons e c:tue nt ly l iv ewe i [:ht uns re gE, Pded c:.s t he mos t 

impop t cillt fac t or in c 2.s e s  rvhe Pe b a l anc i J1[,7 i' op b o t h  we i gh t  and 

s ex Yms n o t  lJos s i  b le . I t  was c o ns id e re d  tha t compe t it i on f' or 

f'eed ancL bullying by a he avy pig ov e r  it s li ght e r mate , c ould 

apprec i ab ly ups e t t.i1e r e s ult s of' the tr i a l . 

The expe r irre n ta l p lan is out l ine d  di agramat ic ally in Fi g . 

1 2 .  

These animals reuained on the t r i al f or a pe ri od of' 5 we eks , 

conc luding at 58 days of' age . 
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A s ui t e."b le pen layout rras devel oped in t :i 1e yr e l imina ry 

t r i a l  ( see �igs . 1 0  and 1 1 ) . 

1\ min imWtl t ernpe i•ature of about 60 °:8, was r e c orded in t he 

t e s t  hous e chir ing the y re ..Limina ry tria l .  As out l i ne d  th i s  

temr; e r>ature nas ex1-e ri ence d on :f ros ty n i gh t s . l<'or t he ma in 

tri ul t he i' efore , t\1o s ma ll s ya. c e  he a t e rs ope ra t e d  in the h ouse 

in adcli t i on to the ma in a i r  t em1_) e ro. t ur e  1.m it , vrhe n l ovr ex t e P i or 

t em1J er>a t ur e s  rrer e  likely . 

'i'he te s t  house \ ras c le aned out dai ly , i m· 1e di �ite l y  af te r  

t he ll10 l'l1 i ng f'c·. e c 8. l  S C.mjJ ling o. t 7 a . m • •  Thi s  i::lV o lv e d  \N.:.shing 

out t he d"Lm['; r�a s s o.r:es , S\Ve e p ing UlJ s pi lle d f oo d ,  r·e -f i ll ing 

water tP OU[.)1G and .�ene Pa l ly t i dyiJl['; up the .l ' ens . 

( a )  .illL!o 21 d ays of age 

From 1 0  day s of age and whi le s t i l l suck l ing t he i r  dc....m, 

p i gle ts had be en offered an ad l i b i  twn s t art e r  ra t ion in th e 

f o rm  of a 1 1 c re e p  1 1 • 'rhe c orfljJos i t i on of this rati on was ident-

i c a l  to that f ed from 21 -2 8 days of age in the te s t  hous e and 

is de s c ri b e d  i n  (b ) f ollowing . 

(b ) 2 1 -28 days o f  age 

On ent e r ing t he te s t  hous e a t  2 1  days of age , a ll an imals 

were fed on a c ommon s tart e r  ra t i on up to 28 days of age . The 

c ompos i ti on of t his rati on i s  shown in Table 9 .  
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TABLE 9 
C omposition of co�non s tarter ration ( 21 -28 

clays ) 

IngPe dient 

Bu t t e Pm i D{ p owder 

r/hey pmvcler 

Mea t  me a l  

Sugar 

'l'all o1:r 

Ba.Pley mea l  

1:- remix : .:!'lour 

• ' ·  
... 

as in pre .L imina ry tri a l  
lili xture ( s e e  '1.'c.b l e  8 )  

as used in r.J re limina l'.i t r ia l .  

% 

40 
20 
1 0  

1 5 
2 
8 

5 
1 

+ see n o t e  fur th e r  on : 

of c r2o3 
1 1  

' ' Inc o Pp o pa t i on 

'rh i s  comrnon s t a r t e r  mixture differed fPow t ha t  curren tly 

in us e  at the .iassey l-'iggery, only in tha t one thir d of' the 

drie d ou ttePmilk powder was replac e d  by whe y powde r. 20% 

of whey pov1der �vas included fop the f ol low ing reas ons : -

( i ) To ob serve whe the r any advers e  aff'ec ts wePe no t i ce-
ab le when whey powder was inc luded in t be  die t at  

this e arly age . 

( ii ) To provide a mediwn leve l of whe y powder , s o  that 
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the change over ont o t 11.e expe ri ment al mix ture s ,  

would no t give too much o:f a nutri t i onal or 

phys i o log ic al s hock to the an ima l .  S orre degree 

of checlc in gr ow th ,  US U&. l ly occurs in e m  ... l y  

-v�reo.ne d  p i gle ts durine; the f ir s t  v1eek af t e r  

w e  m1 i ne; • I t  was hoped t ha t  tl1e us e  of the 

procedw. ... e desc ribe d ,  i . e . an 1 ' acc lima t izati on "  

period,  would mininiize  this s e t  tline in p l'oc e s s  

and p os s ib le grmv th check , to t:i1.e f' i rs t  few 

da.ys unde r  the t e s t  condi t ions . 

( c ) .i l.fter 2 8  days of age 

'i'<:...b l e  1 0  sll oV!s t�ne f our e x.::Je r illle nt al fe ed mix t ur e s  :f e d  

fror:·, 2 u  to 5 7  days of o.e;e . Final f'a e c a l  c o lle c ti on was 

c al ... l' i e d  out on t :ne 55th ,  5 o t n  and 57th dr:...ys o:f age and c on-

s e que n tly :f t. e d  t re a tments v1e 1 ... e c ont inued unti l t he 57 th day . 

... 
..•. 

* 
... 
•.. 

Tr�.BLE 1 0  
C omlJOS i tion of expe rirren tal f e e d  t r e a  tE-ent s ( 2 8-57 

days ) 
-

Ingr edient % Treatments 
I I I  I I I  IV 

\V"he y p owder 0 1 5 30 45 
But te rmi lk powde r  30 30 30 30 
hieat mea l  5 5 5 5 
Barley me al 55 40 25 1 0  
Sugar 5 5 5 5 

+ l:'remix �Flour 5 5 5 5 
cr2o3 

Mine rals l 
1 1Apac 1 1 
11Ve tspe n  1 1 

1 1 
as :for c ommon 
s tart er mix1ture 

+ 

as us e d  in c ommon s ta r t e r  mixture 

s e e  ( 4 )  :f ollow ing . 

1 1 
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C P2
o

3 
was i nc o ppoP a t e d  i n t o  a l l  fe e d  tre a tment s and the 

c ommon s t ar t e P  r a t i on at o. le v e l  of 1 �� by w· e ight . 'l'he pre-

liminapy t r' i a l  sh mr ed that s t ro. t if i c a t i on of C r2o3 w i thin the 

:r e e d  rnix t w." e s  c o uld oc c ur . l<'u.ll de tai ls o!' t he s e  fi nd ing s 

and t::. le s u.""o s e que n t :proc e dur e s  c ct i'l' i e d  out , w i l l  be found in 

Cha1� t e r  IV: Re s ults . 

_, :et this s t a ce , i t  \ii l l  s uff' i c e  to s ay tha t  a t t empts to 

p P o duce pelle t s  of feed mi...'C t ur e s  corn1- l ete \'li th rna rke r fa i le d . 

As an a l  ter•n at i ve , C P2o3 wa s inc o r• p or o. t e d  in t o  a fl our and. 

vra t e r  ..LJ .L'emi:::� ,  wi1 i c h  v.ras c1P i e d and gro und and then mix e d  ·Hi th 

the otlle1• in.g r•ec1ie nt s . 

As a fm• the l' 1- l'e c c..ut i on , f inc:, l  mix ing of s ll fe e d  mix tur e s  

"1 1 a s  c o..r p ie c1 o u.t a t  :::.. loc o. l  mi l ling \ .. l Em t . 2 00 lb of the 

c omrnon s tu.r t er ra t i on ,  b.nd 700 lb s o r ·  e uch of the four t P i& l 

mi xtm· e s , we re p 1•ep<�. re d  in t 1 1is way . �ach was s tored in 

ple.s t ic l ine d  oa:;;:s and :;_.�1· i or t o  fe eding each n evv- b c..g \·ms 

Pemix e d  as thoro ughly as p o s s ib le to minill1i s e  dange r•s of 

All feed  mixtures were fed ad libitum in the se lf fe eders 

des c r i b e d  in Part I of this Chapter . In order to reduc e the 

chances of " c ak ing " , p ar t i cu la rly w i  t.h those mixtures c ontaining 

high levels of whey powder, feeders were not fi lled comple tel y .  

A sys tem of supplying fres h  fee d  each morning was adopted. 
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Pur t he P  dai ly c hecks v;ere made to prevent c l ogging and any 

s pillac;e was swept up and r e tw. ... ne d to the feeders. 

:S'ee d. consump t ion checks we re car :e i ed ou t on a weekly 

b as i s  ( s e e  ..b' is . 12) . C omple t e  roe c oPds wer e  ke p t  of the 

amow1t s e a t e n  dai ly a.nd a t  the end of e ach we ek all  une a t en 

f o o d  rms ne i gh ed b ac k . 

Handom s r..un1. le s of f e e d  were t c:,k en I· e r i odi c a l ly from th e 

b ulk s t or e s  c.,.ud s e lf' :fee de rs for D_lCJ. lys is . 

'l'hc .t-':e o c cdur e de s crib e d  for c o l le c t i ng s a.r,rJ! le s of fne c e s  

i n  th e l.J rel iminapy s tudie s ,  J:.!I'Ove cl s a t is i� ac t o ry t-•nd r; as ndOl.J ted 

f o r  the u ... in tl ... i al .  In },J l ann inc; the dG..ys on rrh i c h  t o  co ll e c t  

:f c:�e c & l  s m.t_. le s , t11e f o ll ow ing f' L.c t or s 8.lJ....- 0ar e d. im.�:- or' t&nt : ­

( s. )  Tile ti ne lt·.:ps e oe tive e n  ini t i c.. l  f ee ui ns oi' t11e index s u b­

s tance and t11e t ime w hen i t  Peuches a s ta te of equilioriwn 

in the :f ae c e s . 

(b ) 'l'he y os s i o i li ty of d ig e s  ti b i l i  ty c hc.nge s in tiH1e , i . e .  as 

the an iua l inc re ase s in age , its  diges t ive pow e rs for ass imi l­

o. ting di f'feren t nutri ents may ch cmge . 

( c )  l-'os s i ble diurnal vari at ions in faecal c ompos it i on. 

In the :f ormer c as e  the I'ecommende d time lapse is a min-

imurn of 3 days . S ome vvorke rs however , ( e . g . Mo ore 1 957 ) have 

f ound that even on the fourth day comple te rec overy of inges t ed 

marlre r has n o t  been pos s ib le. 

The fo llowing plan was adop t ed invo lving four collecti on 



p eri ods f or e ac h  p a ir of' an imals unde r  t es t : 

Collecti on 1 :  

C o ll e c t i on 2 : 

a t  the e nd of' the f' i 1·s t  week und e r  t e s t  

( 4  w eeks o lcl - c orru,1on s t art e r  mix ture ) . 

a t  t l 1e e nd of the t11ir d week und e r  t e s t  

i . e .  on t he expe ri rre nt a l rnix ture s - 6 weeks 

o l d . 

C o l le c t i on ...2. : a t  t:ilB e nd o i' the 4th o.nd 5 th vre eks o f'  t he 

�: t e s t rJ eri od re s 1_Je c t i  v e l y  ( 7 an d  8 rre eks o ld ) . 

'l'hus a p0 ri o d of' at leas t 7 dr,ys uas taken be twe en the 

s t ar t o f'  the tr i a l  an d t11e f' ir s t  c o l le c ti on and s uc c e s s iv e  

c ol l e c t i ons ·L1e r•e o.f t e r . I t  nas t l rUB 1:; os s ib le to c OllllJG. P e  

B.))::- c U•en t  d ic-e s t i -ui l i t y c oe ff ic i ent s f'rom one pe ri od t o  the 

ne x t  • 

.c;; ach co l l ec t i on ex tencle d ov e r  a }! e P i o d  of' t ru' ee days -

the wi cldl e c.l.ay f a l l ing on t he w e e k ly "b ir thday ' '  of' the an ima ls 

c one e rn ecJ. . In v i ew of the P ep or t s  in the l i t e ra t ure on 

di urnal vu. ri e. t i ons in fa ec c:.,l coi!llJOS i t i on ,  i t was c ons id e re d  

that et C O!TlJ:) O S i  t e  s awp le of' f..,ae c e s  f r om t l 1r e e  days of' co l le c ti on 

would be mor e re pre s ent a t ive of' the fa e c al c ons t i t ue nt s , a t  that 

t i me . 

hia t e Pial from e ach pen ( i . e .  pe r two pigle ts ) was c oll e c t e d  

s epa rate ly at e a c h  c o llec t i on tine ( 7a . m. and 5p . m. ) , p la c e d  in 

a numb e r e d  tin and dri ed at approximately 70-80°0 for 1 2  hours 

to a dry ma t t e r  l eve l of' approxima tely 90%. The tot a l  drie d 

materi al for th e thre e  day p eriod was bulked t oge ther on a per 

pen bas is , ground in a lab oratory mi l l , quarte re d  and s tored 
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fo r analys is . In thi s way a total of' 2L� s amp les  (one for 

each yen) vrere held fop analys is from e ach of' the fouP 

c ollec tion periods . 

7 .  G:�w . .  'l.'.ti :Ut\'l'A 

jl,very anima l \vas we ighe d twice a week : -

( a) on each 1veekly i 'birthday 1 '  i . e .  21 s t  day , 

2 0th,  3 5th etc .  

(b ) on t l1e i' om' th day after this . 

At the c onc lus ion of' the trial , each animal was we ighed 

on the 56th day , then agai n on tJ. 1e 57th day cmd fina lly on the 

5oth day u.:t'teP 2L� hol.E' S  of' s t apva t i on . In J!l o.nning tre tPia l ,  

i t  Wet S f e l t  tl1a t c.:. s tar•ved final nei ght vrould b e  us e ful . .;ne re-

as at 21  days of age , � e  u eicht of the s tomach contents would 

be pe l a t ively S!iia l l , ( vos s ibly l es s  t."l cm  � lb ) th is  migh t not 

be so  vv i th 8 rreek o ld an imal s . :\t 8 rr e eks of age the amount 

of food in the s tonw.ch ( 2-3 lbs ) , could affect  the final weight 

r>e c ol' ded .  

Because the 56 th day coinc ided \'f i th tl� four th and fina l 

faecal c o ll ec t i on peri od ( 55th ,  56th and 57th days) , it  was 

cons idePed  inadvis able to star>ve the an i1nals during this pe ri od. 

For this reason , starved weight was taken on the 58th day. 

8 .  CIIEJ.IICAL AbALYSES 

(a )  Proximate c ons t ituent s 

Analys is o f  feed and faecal s ample s for mois ture , ash , 

c rude :protein and ethe r  extract , crude fibre and ni trogea:-:free-



e x t rac t was by t he Henneberg me thod . C omrHen ts on the us e  of 

th is me t llod app e a r  in s ubs e quent ch �?.p te rs . C o l l ec ti on of fe ed 

s am}J le s  aD d e s c r i  oe d in J:-art I ,  c o ns is ted of random s a.mp ling at 

pe r> i odic int e rva ls fro m  s t or> nge b ins and fee de rs . 

( b ) C r2.Q3 

Ana lys is of' the C r2o3 concentPa t i on of f e e d  and f ae c e s  

s amp les \Vas carP i e d.  out b y  the llle t hod of' ::.> t e v ensan and d e  Ls.ngen 

( 1 960 ) . The J.; I>el imina ry t Pia l s how e d  tllc.t t�1e me thod r•ec on11nended 
' 'i'f (, . 

by barn i c o a t  ( 1 940 )  was uns <,t i s fac t ory . 

( c )  Gros s l..Jne r;-;y 

De t e :L"•ui n ati ons of the gPos s e ne rgy c on tent of f e e d and f a e c a l  

s am1_1le s rre J.."e ca.:c r ie d out in a i.:ahle r-C o olc Bomb G al or ime t e r . In 

preparinG t he c z loriL(le t e r  for us e , two Beckm&n the Pmome t e rs wePe 

fo rvra rde c1 to D . 8 . I . R . for c he cki ng Md gradu&. t i on . 

At e a ci.1 of the f our fae c a l  c o l l ec t i on p er" i ods , 2L� com:po s i  te 

s ample s ( i . e .  one f rom each pen ) v1ere c o l lec te d . This gc..ve a 

t o tal of 96 fae c a l  s arnp les for a'1a lys is . In a dd i t i on to this , 

f i ve c o m_b) os i te f e e d  s amp le s were ob tai ne d ( one from e ach tre at-

men t and one from the c ommon s t a r t e r  mix tur e ) , f ro m  the random 

s ample s c o ll ec te d  during the t r i al . 

C ons i d e rable t ime had a lready be en spen t in t he p re liminary 

tria l s tandardi z ing ana lyt i c a l  pr oce dur es . Dnf ortuna t e l y , i t  

was ne c e s s a ry , due t o  limi t e d  ti n� , t o  abandon the re duc ing s ugar 
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t e s t  and c onc ent l�a te on the Henneberg analys i s , cr
2

o3 concen­

tpo.t ion o.nd g ro s s  e nergy detenninati ons . 

Dup l ic a t i on o:f ti1e s e  :t; :resented ano the r t ime problem. I t  

vras cons idered dou1; tf'ul whe ther t lJe s to.nd a rd i_.Jrocedur e  of dup-

l ic atinc everJ analys is in s t r i c t order r.ra s s ound . I de al ly 

duplicates  s hould b e  caPried  out on di1'fei'ent de.ys or a t  diffe rent 

t iiiles of' the day , to r educ e the J:l OS s i bili  ty of bi as , due t o  the 

tecl�::1ic i o.n ,  re o.gen t s  us ed. , env ironment al c ondit ions , etc . 

Be c c:ms e the C r2o3 an alys is nas lllore de licate than the 

othe r c .. nc.,_ lys e s , cor.l:J le te dup lic c.. t i on , out on different days , 

He::.s c &.l'I' i e c.1  out on all fee d  G.nd 1'& ec ul s ample s . uenneberc; 

dup l ic a t ion of' 1 E e c a l s&.u:_ l le s cons i s ted of 1 6  s e t s  of anG.lys es , 

c ollecti on � 0r i od . 0e l ec ti on of· ti.1e se dup l ic a te s r;as done \Ji th 

the aid o:..· r� s e t  of rcndo;·n numb ers us ine· th e :t- en nwnbe r ( 1 -2LJ. ) 

an c1 the tPeatment nuniiJer ( 1 -4 ) , for e ach co llecti on .tJGI' i o d  

( see 'l'u.ble 1 1  ) • 

J:-!en l'T o .  

2 

5 

1 0  
23 

1 

'l'ABL� 1 1  

li'ae c a l  s amp l e s  s e lec t e d  f' m� d Ul-:l l i c a  te  .den11ebepg 

ana lys is . 

C o l l ecti on .l!eP iod 

2 3 4 

Treatment l-'en No . T.Peatment Pen No. �irrEnt Ien. No . Treatment 

Cs  4 I 

C s  6 IV 

Cs 22 I I I  

C s  24 I I  

C s  C ommon S tarter 

3 IV 8 I 

7 I I I  1 2  I I  

1 3 I I  1 5  IV 

1 7 I 1 8  I I I 



In the e vent of a duplic a t e  not a gree ing w i th t he p revi ous 

de t e :t•Dina t i o n ,  dup lic a t e s v1e re c arr i e d  out for a l l  other s amp le s 

froEl thn t b l ock . rlenc e if the s amp le f ro m  pen 3 ,  c o l l ec ti on 

pe r i o d  2 ,  �a i le d to agre e � i th earl ie r  re sult s , ana lys e s  of 

s amj_J le s  1 /2 ,  2/2 , 3/2 and 4/2 were r-epe nt e d . 

DUlJlic a t e  .dennebe rgs V!e i•e c arr ie d out on e ach of the f iv e 

f e e d su.mple s . 

C ons ide x•o.b le d if i"' i cul t y  was exj_A.) r i ence d in de t e 1.'mining the 

w a t e r  eg_uiv8. len. t of t he b or.1b ca l orin:e t e r . <\.d jus tment s vm re 

c on t inually 1 . n de un ti l re}.J e <J. t c-,-o l e  r e s u lt s  co uld b e  ob t ::d ne d . 

The t i.:e f' c.c t m· G.�&. in .J:'l· e v e nt e d  a gros s en.e T•gy de t e nn inc:: . t i on 

of ::�. 11 s c.nl.t.J l8 s c:,::J.d :; .. s c:t c om:._,r omi s e , t he 1 6  s e ts of' f' u e c E. l  

s O.i ll_. le s outline d  i n  '.1.' r: .. -o l e  1 1  we re us e d . JJu.:"lic a t e  cl e  te p;·,lin-

c t i ons rrex•e caPr ie cl out on the s e  D1 c.i_ on e u.ch o 1· the f'i v e  :t' e ed 

s am:�J le s • 

':!:'he f o rmuln use d  by U chur c h  e t  a ;1. ( 1 9 52 )  was us e d  to 

c a lc ula te the apparent dig e s t ib i l i ty c oe ffic ient s : -

.:\pparen t  cl ig e s t i!J i li ty % 
= 1 00 ( a - b) 

a 

whe re a = p art s o f  "nut r ient " ( i . e . ash , pro t ei n ,  e the r 

extrac t , e tc . ) pe r unit index in fe e d  

b = par t s  of "nut rient " ( i . e .  ash ,  pro tein , e ther 

ex trac t , e t c . ) per m�it index in fae c e s . 
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'rhe f'o llm-..ring observ a t i ons we re made duP ing the t r i a l : ­

( a ) Dung c on s is tency and incidenc e of s c our ing ( if any ) on 

the ex r..e riment &l tr eatment s . 'l'his f o ll ow e d  from ob s erva t i ons 

in evel' Y  r;en on e a c h  day , re ga rd le s s of whe the r a da i ly fc- e c a l  

c olle c t i on \rc:  .. s c apri e d  o u.t i n  th o.t :t;en , or n ot . 

( b )  Feeding hab i t s  of a nimals on t l �  d i ffe rent exp eri men t a l 

t re a tment s . .l·,:;_xl r t  froiil d a :L ly ob s erve. ti ons on fe e d ine; hab i t s  

th roughout the t i' i a l , tr1o 24-hom" ua t c hes we re lce pt on grou:t.JS 

of animo. ls . 

'l'he :L' irs t ob s e rv a. t i on nas c <J.rr ie d out fl'om 8 a . m. on 2 1 s t  

" cur;us t to 0 a . m. on the 2 2nd .c l.ue-us t . 'l'Le s o:r f e e d ing , dri nk-

inc; , Ul' i:il n t illf': anci. de1. ec a t ine; of each p i e , we re r e c or de d  t hr ough­

out t:. 1e 21�-lwnr l) e r i od . 

'liro i.:> locks ( e i gh t  p i g l e t s  in each ) Vle Pe inv o lv e d . Ani ma l s 

in i>locl;: 1 1;\ 1 1 o.nd in Block ' 1 B  1 1 , ne re 7 and 5 weeks o ld re s pe c t i ve ly . 

'l'�1c s ec ond obs el�v.::J.ti on H as c a rr i e d  out a l ong the s am e  l ine s  

as th e :L iPs t , 2 we e ks la t e r . �i ght p ig le t s we re us e d ,  v i z . 

thos e in Block 1 1 B 1 1 of the p Pevi ous obs erva t i on and now 7 weeks 

old. It was hope d to be able to compare hab i t s  be tween t he 

two obse rva t i on p er iods . 

( c ) \ l a t e r  c ons ump t i on of animals on different f e e d  t rea tme nts . 

From the l i t e ra ture two f ac t ors appear t o  have a b e aring 

on wa te r c onsumpti on of an ima ls fed c onc en t ra t e d  or drie d whey 

product s : -



( i ) The high s olub le s al t  content of these p roduc ts 

( e . g . Webb and vVhittier 1948). Apart from imparting a 

s alty f lavour t o  the feed,  water is required in the process 

of elimination of these s alts from the animal. 

( i i ) The hydragogue act i on of lac tose  (Fischer and Sutton , 

(1949 ) .  Hydragogue ac ti on ,  according t o  these authors , is 

charac teris ed by dehydration.  Sub s tances belonging to  this 

group are only s lowly abs orbed from the intes t ine ; many of' 

the ir i ons and molecule s remain within the lumen of the gu t 

and thus raise  the osmo tic pres sure there in , above that of' 

the b lood. Water therefore diff'us es  into the lumen of the 

intes tine f'rom the blood , result ing in a dehydrati on of tissue s  

and/or decreased urine volume . Lac tose is  be lieved to have 

these propert ie s . Several authors have reported an inc rease 

in water consumption in animals fed ra t ions high in lac tose or 

with a dried whey produc t ( e . g. Krider et  al . , 1949 ) .  Pre­

sumably this is an attemp t to res tore the water balance . 

In view of thes e reports a water c onsumption s tudy was 

planne d  as p art of the tria l .  

For the purpose o f  describing the procedure used, b locks 

( i . e .  4 pens ; 2 pigs per pen ) in which c onsump ti on was measured,  

w i ll be ref'erred to as "A" ,  "B " ,  "C " ,  etc . 

Over a three day period, ( 21 s t  23rd Aug. ) water c onsum­

ption in Block "A" (pens 1-4) ; "B" ( pens 5-8 ) ; "C " ( pens 9-1 2) 

and "D" ( pens 21 -24) was measured.  This involved keeping a 
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record of water added to e ach pen trough ( i . e .  pe r 2 pigs ) 
during the tl1ree day p eriod. ( I t was norma l prac t ic e  to 

give fresh water to all pigs in the tes t house after c le aning 

out each morn ing� No acc ount could be made of spillage .  

One week la ter this proc edure was c arri ed out on Block 

"E " ( pens 1 7-20 ) and again on "D" ( pens 21 -24 ) . Bloclc "D" 

c onsumpt ion was then repeated for ano the r thre e days . 

( d ) Gene ral habi ts of t he animals during the trial were 

obs e rved. In parti cular the adaptab i li ty of the animals 

t o  the trial c ondi tions and ease of handling were watched 

as guides t o  poss ible i mprovement s for future work of this 

na ture in th e tes t hous e . 

I I I  STATISTICAL METHODS 

The analys is of vari ance , as outline d by Snedec or ( 1 959 ) 

was use d  to test for s i gni ficant diffe renc e s  among the data 

on l iv eweight gain ,  rel at ive grow th ra te,  feed c onvers i on 

e ffi ci encie s , apparent digestibility c o eff i c i ents , gross 

di ge s tible ene rgy and w ater c onsumpt ion . 

In the case of rat e  of gain data , the covariance analys is 

( Sne dec or , 1 959) was applie d to tes t the regress ion of we ight 

gain during the tri a l , on ini t i al liveweight , and to see 

whe ther , in fact , the c ovarianc e me thod could b e  us e d  to 

inc rease the accuracy of s tat is ti cal analys is of the data . 
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Relative growth rate was obtaine d by transforming the 

l ivewei ght data to a logarithmic scale as fo llow s : 

Huxley ( 1 924 ) introduced an e �uation relating to his 

allometric concept of growth , and this has been us ed exten-

s ively in the study of relative growth . Snedecor ( 1 959 )  

expressed the e�uati on as 

w = A bt 
e 

where A and b are constants to be evaluated and e is the 

base of the natural system of logarithms (value 2 . 718).  

In logarithmic form this beco me s  

lo g W e - loge A + bt 

The regress i on co effic ient , b ,  is the relative rate of 

increase of W i. e .  the rate of incre a s e  p er unit t per 

unit w. 

Glenday ( pers . comm. 1 9 61 ) rearranged this re lati ons hip 

s o  that: 

b ( re lative growth rate ) 

= 

w2 ( Final wt. ) 

(W1 (Initial Wt. ) ) 

t2 - t1 

where t
2 - t

1 represent the time interval during the period 

of growth concerned. 

or us ing K = Log1 0 

then R . G. R . = K x 

w2 
w1 

2.30258 
t

2 -t1 
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\Vhere the F - test showed s ignificant differenc es in 

the da ta , Duncan ' s  ( 1 955 )  multiple range tes t  was us e d  to 

try and gauge the pattern of tre se differenc es . 

With respec t to the data on food convers i on effic iency , 

considerati on was given to the us e of a covariance ana lys is 

us ing the ini tial liveweight data and the c orresponding t ot al 

food intake . S imilar cons iderati on was giv en to the poss­

ibili ty of tes ting far the effec t  of' feed in take on the 

apparen t diges tib ili ty c oeffic ients of the feed.  

As a logic al starting point to t he statis ti cal t reatment 

of the growth da ta , an analys is to determine whe ther any 

differences in liveweight gains be twe en pigs , were due to 

differenc es in sex,  was carried out . The t-te s t  me thod 

described by Sne decor ( 1 959 ) for comp aring data from two 

randomised groups of the same s i ze , was used. 
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RESULTS 

PART I .  EXPERIMENTAL CONDITIONS 

1 .  ADAPTION TO EXPERIMENTAL CONDITIONS . 

Dur ing the rirst two or three days in the tes t house , 

pigle ts were extremely noisy and v ery nervous . This was 

no doubt due to their sudden removal from the dam and litter-

mates into s trange s·ur r oundings . Arter this ini t ial period ,  

"s ettling in " was surpris ingly rapid and the animals became 

qui te us ed to the movement s  of the author in the house and 

in the ir  p ens . Although a peri od of scouring caused s ome 

fouling of the e at ing and s leeping area of each pen , mos t  pen 

mates quickly le anrt to us e  the dunging are a .  

2 .  SUITABILITY OF PEN APPARATUS . 

In the preliminary trial , the us e of he av i er an imals 

( 20-25 lb ) proved to be a f or tuitous move . Water troughs , 

self feeders an d  s leeping quarters alike receiv ed qui te a 

battering from the pen inma tes , but Wi thout excep ti on ,  this 

equipment s tood  the tes t admirab ly. Some dirric ulty was 

experienced in fas ten ing the self feeders and the b oxes used 

as s leeping quarters securely onto the s i de of the pens , aa 

the an imals habitually pushed their snouts under the apparatus . 

More s ecure fas tenings were used in the main trial . 
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( a ) Self-Feede rs 

Great difficulty was experienced in ob taining an adequate 

flow of feed from the self-feeders , wi thout overflow or spi ll­

age . Frequen t adjus tments had to be made to the apparatu s .  

Throughout the trial pigs nosed feed out of the fee der and 

ont o  the floo r .  Adjus tment s  t o  t he he igh t  of the feeder 

above the pen floor , were made acc ording to the s i ze of the 

pigs eating from it , to f ind the e asies t pos ition for them 

to e at from and to minimi se spil lage . Simi larly , adjus t-

ments were made to the width of the ac tual feeding apertures . 

Nei the r of the s e  adjus tments comp le tely preven te d  feed 

spillage . Feed depos i ted on the floor became foule d and 

was rapidly spread around the p en end into the dung pass age , 

unle s s  swept up. This was tage amounted to 2 or 3 lbs of 

feed per day in some cases . C ons e quently i t  was ne cessary 

to sweep up and return spi lt food to the feeders two or three 

times a day.  

a minimum. 

Only in this way c ould wastage be reduced to 

Further trouble was experienced in the "caking " of feed 

mixtures in the feeders . This c logging in the fee ders grew 

progress ively worse as the amoun t  of whey powder in the feed 

mixtures increased. Henc e treatment I mix caused li ttle 

trouble in this way , whereas treatment IV mix formed into 

hard lumps whic h frequently had to be broken up . Moisture 

abs orbed by the feed e i ther from t he  atmosphe re or from the 

animals ' s al iva caused mixture IV in particular to form a 
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s ticky mass of fee d in the bo ttom of the feeders . Unles s  

prec autions were t aken to remove this , a solid lump formed 

which res tric ted feed flow. 

(b ) Water troughs 

S i ting of the water troughs in the dung passage meant 

that on a number o f  occas ions , fouling of the water oc curred.  

Fresh water was thus provided in each pen , every day or 

replenished when necess ary. Data on water consumpt ion are 

presented in Part IV of this Chapter. 

( c ) S leeping gu&rters 

Pigle ts made c ons tant use of the s leeping shelters 

provided. During the firs t two or three weeks of the tes t  

period,  anin�ls only left the she lter to feed and drink . 

As they grew o lder and larger ,  more time was s pent during the 

day lying out s ide the shelter.  At night , however ,  when 

temperatures in the tes t-hous e on a number of occas i ons 

dropped to about 6o °F ( see Chapter III , Part I ) , all animals 

s lept ins ide tbe shelter.  

Temperatures ranging from 65°-70°F were recorded in the 

interior of the shelters . 

3 .  SUITABILITY OF AMBIENT AIR TEMPERATURES 

On no occas i on did pigle ts appear to be chi l led or to 

be suffering from the coole r  temperatures experienced at  night. 

No cri tical tests were made however , to corroborate this 
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obs e rvation. The cons tant use of the s leeping quarters 

sugges ted a natural reac ti on of the animals t o  keep them-

s e lves warm. 

PART I I .  USE OF CHROMIUM OXIDE 

1 .  INCORPORATI ON INTO FEED MIXTURES 

� )  Pre liminary Trial 

Re sults obtaine d in the preliminary tria l ,  indicated 

that s e ttling out of the cr2o3 in the meal mixtures , was 

occurr ing. Visual inspe c t ion of the jars of samples showed 

defini te  layers  of the index subs tance ,  muc h of which worked 

its  way dovm to the bottom of the j ars . 

This se tt l ing out appeared to be less marked in the 

s amp les  of tr•eatments I I I  and IV ( containing 30 and 40% 

of whey powder respectivel y . ) 
Chemic al analys es of s arnp le s from differ•ent leve ls of 

the bulk containe rs were c arri ed out to determine the cr2o3 
c oncentration ,  using the Barnic oat method. These  s amples 

were the firs t  to be ana lysed in the present trial by the 

Barnicoat me thod and due to the diffi culties experienced 

in the use of the me thod ( described in this Chapter ) , it 

was doub tful whe ther the r esult s were reliable . It  was not 

pos s ib le to de lay the main trial unti l a satisfac tory tech­

nique for the e s t imati on of cr2o3 had been found or unti l  

more defini te chemical informati on was avai lable on the 



77 · 

degree ( if any ) of s tratificati on in the fee d mix tures . 

The possib i l i ty of s tratific ati on oc curring howeve r ,  indic ated 

the need to try other me thods of overcoming the problem . 

A l oc al s tockfeed firm was unable to make pe lle ts out of 

s ample s of the experiment al feed mix tures .  The manuf ac tur ing 

process inv olves the forc ing of the feed material t hr ough s tee l 

die s , under a pressure of s te am.  When sub j ec ted to  this s team 

treatment ,  thos e feed samples c ontaining whey powder bec ame 

s ticky and unworkab l e .  This material set hard as s oon as 

expos ed to  the ai r and b locked the machine . 

In the li ght of these findings i t  was necess ary to seek 

a lternative means of minimising cr2o3 s tratifi cati on.  A 

number of authors ( e . g . Schurch e t  al , 1 952 ) , prepared a 

1 1p remix 1 1  of c r2o3 plus s ome b inding subs tanc e and incorporated 

this into the experiment al die t .  'rwo such premixes were 

tried in the present tria l .  

i ) c r2o3 + barley me al + water .  

i i ) c r2o3 + flour + water .  

Five parts of barley meal or flour and one par t  cr2o3 
were mixed wi th water into a thick p as te . The mix ture was 

s ubsequently drie d in an oven and ground to me dium s i zed 

partic le s in an e lec tric minc er . This premix was then 

incorporated int o s amples of the expe rimental feed mixtures 

and s tored in glass j ars . Vis ua l  examination or the s e  

s ample s f ollowed frequent hand ling and shaking of t he con-

tainers . 

The b arley meal and water farmed a we t mash which had 
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l i t tle binding effe c t  on the marke r s Ub stanc e .  On the o ther 

hand the flour and water mix gave a s ticky pas te with reason-

ab le binding act ion ,  a lthough some cr2o3 was inevi tably ground 

out during the drying and grinding of the mix ture . Never the-

less , it was dec ided that the flour and water premix was the 

most satisfac t ory of the two and was therefore ad�p ted for 

us e in the main trial . 

(b ) Main Trial  

In preparing bulk qu� nti ties of the experimental fee d  

mixtures ,  the flour - c r2o
3 premix was inc orporated s o  that 

the flour cons ti tuted s ome 5% of the experiment al die t  and 

A bulk qusn ti ty of the premix 

was prepared,  p laced in sha llow tins and drie d in t he oven . 

Apprec i a t ing tha t even this p remix mi gh t  not c omple t e ly 

prevent s tratifi cat ion of the index mate ri al in the fee d ,  

additi onal precau tions were taken.  All feed was mix e d  in 

bulk a t  a loc a l  mi lling plan t ,  before the tria l commenced 

and the contents of each feed c ontaine r  were subsequent ly 

remixed by hand immediately prior to feeding . 

2 . C HEMICAL .ANALYSIS OF FEED AND FAECAL SAMPLES 

( a )  Pre liminary Trial 

The Barn icoat me thod proved mos t unsa tisfactory ,  being 

both cumbersome and unreliable . The main reasons for this 

were as follows : -
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( i ) Fusi on of' the ashed s ample with sod iwn :peroxide 

was not only dangerous but no two s ample s  fused alike . It  

was difficult to obt ain any uniformi ty in  fus ing technique . 

( ii ) The wear and tear on the nickel crucibles was 

immense . Af'ter only 1 2-1 5 fusi ons , the b o tt oms of the 

c ruc ibles were worn r igh t through and had to be replaced. 

Nicke l appara tus is expens ive . 

( iii ) I t  was difficult t o  ascertain when all the excess 

pe roxide had been removed by "b oi ling f or about one hour " .  

I t  i s  vita l that n o  traces of this oxidising agent are left 

in so lution if the s ubsequent titrations with i odide and 

thi osulphate are to give accurate result s . 

( iv ) The me thod lacked precision - end �oints of the 

var ious s ta ges be ing difficult to determine . Furthermore 

each batch of samples took 1 2  hours t o  c omple te and,  wi th the 

apparatus ava ilab le , only 1 2  samples could be c ompleted in any 

one day . Wi th several hundred samp les  involv ed the task 

appeared formidable . 

Advic e  was s ought the refore , from Ruakura Animal Res earch 

Stat ion , whe re Chri s t i an ,  Coup , Lanc aster , de Langen and others 

had been working f'or a numb er of years on the es timati on of 

c r2o3 conc entrati on in faecal material from sheep and catt le , 

in a series of nutri tion s tudies . 

Stevens on and de Langen ( 1 960 ) presented a "we t diges t i on "  

method for the estimati on of cr2o3 . The final s tep in their 

proc edure was a c olo�imetric determinati on of cr2o3 c onc entration ,  
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after all  the chromic c ompounds had been brought into so luti on 

by oxidation to dichromate . 

A tri al run on feed and faecal samples , us ing this me thod 

proved substant ially more  satisfac tory th an the p rev ious 

method . Whi le les s  cri t ic a l  cond iti ons were requi red ,  end 

points were more definite , a hi gher reproducabi li ty c ould 

be obtained and the dai ly output was in tte vic inity of 

20-30 s amples . 

Trouble was experienced  at firs t with the accurate 

di luti on rates required immediately before the c olorimeter  

readings were taken . This was s olved by us ing more accurate ly 

gradua ted e q_uipment and keeping all the apparatus spotlessly 

clean .  

Although c olorime tery i s  a highly sens i tive procedure 

i t  i s  s peedy and fair ly accurate . The por table Beclcman 

photometer us ed had a l imit of accur acy of readings of 3% . 

No in termediate gradua tions in the light value sc ale of the 

ins trument exis ted and i t  was only pos s ible to read value s 

to one place of decimals . Thus any duplic ate samp les  whose 

results differed by more than 3% of each o the r ,  were repeated. 

With the de Langen me thod this accuracy be tween duplic ates 

was achieved with over 80% of the s amples tes ted.  On the 

othe r hand , wi th the Barnic oat method over half of the s amples 

had to b e  repeated and it was seldom that , even then , the 

differenc es between dup l icates c ould be reduc ed to 3%. 

This is indicated  in Table 1 2  which gives c omparative 
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f'igures f'rom duplic ated analyses us ing the two me thods . 

TABLE 1 2  

Concent rat ion of' cr2o3 in f'ee d  samples : Comparis on 
of results obta ine d by two analytical methods . 

( Duplicate analyses ) 

�d Me t hod cr2o % 
samP� ( 1 ) De Langen f ( 2 )  Barnicoa t  

and ( 1 945 ) 
S tevenson _( 1_�60) 

Common . 860 • 870 
Starter  . 862 . 923 

Tt . I 1 . 055 1 . 1 43 
1 .  051 1 . 053 

I I  
0 . 927 0 . 91 0  
0 . 924 1 . 1 1 2  

I I I  
1 . 049 0 . 91 8  
1 . 046 1 . 034 

IV 
0 . 966 0 . 869 
0 . 965 0 . 927 

(1 ) Duplicate results f'rom a total  of 6 fee d  samples 

ana lys ed,  i . e .  only one s e t  of' analys es had to 

be repeated. 

( 2 )  Duplic ate results selec ted f'rom a total of' 30 

f'ee d samples analysed being thos e 6 duplicated 

s amp les with the c los e s t  results . 
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(b ) Main Tri al 

The me thod o� Stevenson and de Langen (1960 ) was us ed .  

Observat ions on the us e  o �  this me thod con�irmed the � indings 

o� the pre liminary trial . The results of the cr2o3 analys es  

of' �eed sample s are shovm in Tab les  1 2 and 1 6  and thos e of'  

�aecal sample s appear in Appendix 2 . 

PART I I I .  SAMPLING .4ND COLLECTING TECHNIQUES 

The proc edure developed and described in Chapter I I I  

for collection of � aecal ma teri al proved  satis fac t ory . The 

c ake tins us e d  we re easy to h andle and clean and even with 

o lder pigs were large enough to hold most o� the dung voided.  

Lloyd and Crampton ( 1958 ) recommended a temperature o�  

1 00°C f or 2 4  hours as  s ui table for drying �aecal samp le s . 

In the presen t  trial  a tempe rature of 70°-80°0 for 12 hours 

was found to be mor e  sui table . This reduce d  the ma te ria l 

to  a mois ture content of about 10%. Samples wi th a higher 

mois ture content were liab le to c log up the laboratory mil l  

on grinding. 

Furtheremo re the 1 2 hour drying p eri od was a handy ti me 

interval . Morning samples could be r emoved �rom the oven 

as the evening one s  were put in and vice  vers a .  Evening 

sample s could be convenient ly le�t in the oven overnight . 



PART IV. OBSERVATIONS 

1 .  DUNG CONSISTENCY AND INCIDENCE OF SCOURING 

Three arb i trary leve ls of cons is tency were used  in 

obs e rvat ions on the dung , viz . scours ( very s of t-liquid 

faec e s ) , soft ( semi -formed ) and we 1 1-forme d .  No scouring 

was observed in the pre liminary trial.  

A bad b out of s couring occurred with the firs t 3 

lit ters ( eight piglets in each ) to go under test  in the 

main trial.  Scouring began on the 2nd and 3rd day after 

the an imals had entered the tes t  house and were be ing fed 

on the c ommon s tarter rat ion . In many cases  fouling of 

the pen area ,  s leeping quarters and the animals thems e lves , 

became a ser ious prob lem. In mos t cases th is s c our ing 

cont inued until  the 6th or 7th day unde r tes t  and by the 

1 0th day norma l faecal cons is tency was regaine d .  Sc ouring 

appeared to have li ttle effect  on growth in compari son wi th 

the non-scouring animals . All pigle ts had a small growth 

check dur ing the first  week under  tes t .  

A t  the firs t faecal collection peri od ( on the 7th day ) 
a considerable amount of liquid and very s of t  faecal material 

was c o llected. It was thus pos s ib le to compare diges tibility 

data  from both the s couring and non-sc ouring animals . The se  

are p resented later in  this chapter.  

In the r emaining three blocks of lit te rs under tes t ,  no  

scouring was observed,  although a few animals pas sed s oft 

faeces  during the fi rs t 3 or 4 days of the trial .  This was 
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surpris ing c ons idering that some of the se  pigle ts  were in 

the house at the seme time as the sc ouring groups . 

Vfui le i t  was conside red  that the sc ouring was due to  

a nutrit iona l  upset , the pos s ib ili ty of bac ter i a l  scours 

could not be ignored.  Sample s of  faecal ma terial we re 

therefore sent for a microbi ological examinati on .  No 

evidenc e of an abnormal number of organisms likely to caus e  

bac terial infec tion , could be found . Howeve r ,  as  an 

addi tional precaution all animals in the hous e were given 

a s ingle intramuscular injection of 1 c c  of sulphameth'ozine.  

At this s tage the firs t litter of e ight had been in the tes t  

house f or 5 days .  All success ive litters to  enter the hous e 

were automat ical ly given this inje ct ion . This had lit tle 

effect  on those lit ters already s cour ing and did not prevent 

sc ouring from oc curring in several  othe r litters . 

Thi s b out of scouring di srupt ed the feeding plan . I t  

was ori ginally intended t o  plac e  the animals on the experi­

mental "c arry-on" mix tures at  2 8  days of age , i . e .  on the 

7th day in the test hous e .  In view of the prolonged scouring , 

this c hangeover was delaye d unti l the 3 1 s t  day of age and 

involved a gradual change , with inc reas ing amoun ts of the 

experimen tal mix tures and le s s e r  amounts of the s tarter 

ration .  By the 35th day of age ( 1 4 days under tes t ) al l an­

imals were feeding on the c arry-on mixtures . 

No s couring was obse rved at any stage of the "carry-on " 

feed period.  Very characteris tic faeces were pas s ed however,  



by anima ls on the dir�e rent �ee d trea tment s . In the c as e  o� 

anima l s  on trea tment I � a i r ly moi s t but we l l  f orme d  fae c al 

mater i a l  was p a s s ed. At the o ther extreme p igs on t re a tment 

IV vo ided ex treme ly dry ma terial in ha rd round pe l le ts . Fae c e s  

o� the animals on t re a tments I I  an d  I I I  �e l l  int o an i n t e r­

me di ate range o f  phys ic a l  c harac ter , to tho s e  extreme s 

des c r ibed . 

2 .  FEEDING HABI TS - 24 HOUR OBSERVATI ONS 

General ob s e rvat i ons ani thos e  made during the two 24 
hour " round the c l ock " s tudie s on p i g le t  hab i t s , sh o we d  th at 

dis t inc t i ve hab i t s  devel ope d acc ording to the feed tre a tmen t .  

During the d ay  animals s t o o d  a t  the trough or nos e d  

ar ound the pen ,  more than they di d a t  night . Be c aus e o� 

the da i ly movemen t s  o� Pi ggery s taff , pen c le an ing , we i ghing , 

e tc .  i t  was ver y  d iffic ult to de te rmine whe the r the an imals 

spent more t i me a t  the trough during the day b e c aus e they 

h ad been dis turbe d  or b e c aus e  they we re genuine ly hungry . 

Animal s  on t re a tmen t  IV ate " l i t t le and of ten " durin g  

th e day , app e ar i ng a t  the �eed trough every 2 0  minut e s  - � 
hour . Eating was invariab ly ac c ompanied by �requent v is i ts 

to the wat e r  t rough - usually every 4-5 minut e s . Wa t e r  con­

sump t i on o� p igs on this treatment w a s  the he avie s t  o� all 

trea tment s . More fre quen t  drinking was acc ompanied by more 

�re quent urinat ing . 

On the o ther hand, p igs �eeding on t re a tment I �ed a t  
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app r ox ima te ly hourly in tervals dur ing the day . The y drank 

c on s i derab ly l e s s  wa t e r• , vi s i ting the trough only onc e every 

one to tw o hours . U r ine volume was c orre s pondingly les s .  

P i gs on t re a tmen t I I  re ac ted in a manner more simi lar to 

thos e  de s c r ibed for I ,  whi le thos e f e e ding on t re a tment I I I  

had hab i ts mor e l ike thos e on t re a tment IV. 

I rrespe c tive of f e e d  tre a tmen t ,  all anima ls de fe c a t e d  

e v e ry 5-6 hour s . 

The movement p at te rn , as mi ght b e  exp ec t e d ,  was more 

s e t t le d  at n i gh t  th an i t  was during t re  day . Wi th appr oac h­

ing dusk ( 5 . 3 0  6 p . m. ) , anima ls bec ame re s tful and s e tt le d ,  

and p re sumab ly because the t e mp era ture of the house fe ll 

s l i ghtly at n i ght , s pent more time huddle d toge the r ins i de 

the s leeping s hel ter . During the ob s e rvat i on pe r i ods the 

te s t-hous e l i ght s we re not s w i tche d on during the hours of 

darkne s s  and only a small red bulb of low watt age remaine d 

burning . 

During the ni gh t ,  an ima ls feeding on trea tmen ts I and I I  

app e ared a t  the fee de r  a t  hourly int ervals w i th a lmos t unc anny 

ac curacy . Animals on t re a tment s I I I  and I V  did n ot ob serve 

such r e gula r i ty ,  par t i c ula rly tho s e  on tre a tment I V ,  but as 

ob s e rved dur ing the day spent l e s s  ti me eat i ng  but app eared 

more often . 

A c ompar i s on or th e results or t he two obse rvati on per i ods 

s howed t ha t  the old e r  t he anima ls , t he le s s  fre que n t ly did 

t h ey appear a t  the fee de r .  I n  the 2nd obs e rvati on per iod 

f or examp le , pigs on tre atment s I and I I  fed only ome every 



1 t  - 2 hours and p i gs on trea tment s I I I  and IV every 1 - 1 �  

hours . 

I t  was in te res t ing to n o t e  that l i t tle bul lying be twe en 

pen mat e s  occurred , at the f e e d  trough , even in pens whe re 

one p i g  was he avi er than the o t her . Each p ig le t rap idly 

deve l oped fee ding hab i t s  rela t i ve ly i ndependent of thos e 

of hi s ma te .  

3 .  \VATER CON SUMP.r iON 

Tab l e  1 3  gives the a verage dai ly wate r consumpt ion of 

e ach pa i r  of p i gle ts per p en ove r t he observa t i on pe r i od. 

The s e  f i gures are taken f rom Appendix 5 .  

TABLE 1 3  

Ave rage da i ly water c on sumpti on ( ga lls . ) pe r pen 

( i . e . per two p igs ) ove r  3 three-day obs ervat i on 

per iods . 

�ge (we eks ) 
Tre a tffierit--.__, 6 - 6� 7 - 7� 7� - 7� 7� - 8 

I 1 . 3 1 . 3 1 .  6 1 . 9 

I I  1 . 3  2 . 0  2 . 2  2 . 3  

I I I  2 . 3 2 . 9 3 . 0  3 . 0  

IV 2 . 9 3 . 4  3 · 5 4 . 0  

OVe r the range of a ge s  involve d ,  those p igs on treat­

men t I V ,  cons ume d  approx ima tely twice as much as thos e on 
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treatment I. P i gs on treatment s I I  and III c onsume d  more 

than thos e on I but les s than th o s e  on IV. 
In Tab l e  1 4  the r e s ul t s  of an ana lysis of va rianc e of 

the d a ta p re s ent ed in Appendix 5 ,  are shown . The re were 

h ighly s i gni f i c ant age and tre atme n t  d ifferenc e s . 

TABLE 1 4  

Analy s i s  of v a r i anc e  of d a t a  on da i ly water 

consump ti on .  

S ource s . s . d. f .  M . S . F 

Age 1 .  691 3 0 . 5637 1 7 . 24 

Tre atmen t 8 . 858 3 2 . 9527 90 . 30 

Error 0 . 294 9 . 0327 

Tot a l  1 0 . 843 1 5  
-

Re s ult 

* *  

:.:.: *  

The mult i range tes t showed tha t the inc re ase in wat e r  

c onsumpti on from animals on trea tment I up t o  thos e o n  trea t-

men t  IV, was hi ghly s i gn i fi c ant be twe en a ll treatment s .  The 

inc re ase in wa t e r  c onsumpti on with inc reas i n g  age was als o 

h i ghly s ign i f ic ant be twe en a l l  f our age groups . 

4 .  GENERAL 

The f ir s t week of the trial , dur ing wh i ch animals 

s e t tled into t he i r  new env ir onment , was the mos t difficult 

per i o d  from a management po int of view.  This ini tial phase 



was aggravated by the inc idence of s c ouring in s ome lit ters . 

Once routine s had been devel ope d, however, th ere was no que s tion 

that young p igs could be handled satisfac tori ly uner the experi-

mental condi tions . 

PART V .  HENNEBERG ANl\LYSIS OF FEED AI\l"D FAEQ!.§ 

Est imat ion of the ether extract and crude fibre fractions 

of fee d and faeces by the Henneberg method , proved trouble s ome . 

During ether extrac t ion of samp le s , par t ic les of fine ly 

ground Cr2o3 ( particularly in faecal s amp le s ) worked their way 

through the extrac tion thimbles into the ether s o lution .  Re-

extrac ting with e the r wi th brand new th imb les  made lit tle 

difference . 

By a process of trial and error the f ol lowing technique 

was deve l oped.  After the firs t extrac tion ,  ether was evapor -

a ted off in the normal way and the ma teri al left was re-di s s o lved 

in pe troleum ether.  

�. : Pe troleum ether has a greater abs orptive  capac ity 
for crude fat and is als o  les s  like ly to abs orb 
mois ture eithe r from the surrounding atmosphere 
or from the sample during extrac tion ( extraction 
is carrie d  out wi th oven dry sample s  but the 
poss ib il i ty exis ts tha t  moisture mi ght be absorbed 
at s ome s tage ) . 
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TABLE 1 5  

Hennebe rg ana lys is of principal ingredients in experiment al  
feed mix tures ( Mas s ey Bi oc hemi s try Department 1 960 ) 

Dry Matter % Ash % Cr'UOO Irot.ein % Fat % Prude F:lbre % 
(a) (b ) ( a )  (b ) (a) (b ) (a ) tb ) lt�l tb ) 

90 . 2  - 1 6 . 4  1 8 . 2  57 . 3  63 . 5  1 4 . 4 1 6 . c - -
89 . 7  - 1 o .  9 1 2 . 2  1 2 . 9  1 4. 4  1 • 2 1 • .3 - -

N . F . E .  � 
t a J tb J 

2 . 1 2 . 3 ! 
64 . 7 72 . 1  

Buttermilk Powder 95 . 4  - 7 . 0 7. 2 33 . 5  34. 7 9 . 6 1 0 . (  - - 45 . 3 48 . 1  

Barley Meal 85 . 4  - 1 .  0 

( a )  Air dry 

2 . 9  1 0 . 3  1 2 . 0  

(b ) Oven dry 

TABLE 1 6  

1 . 2 1 .  � 3.8 4 . 4 69 . 1  79 . 3 
� �--� 

Henneberg and cr2o3 analys es of expe riment al feed mixtures 

Dr_y Matter % Ash % Crude lt>ote:in % 
( a ) (b )  ( a ) (b ) ( a )  (b ) 

91 . 7 - 8 . 4  9 . 3 22 . 0  24. 2 

89 . 5 - 9 . 5 1 o .  9 1 8 . 9  21 . 3  
90 . 1  - 9 . 4  1 0 . 6  1 9 . 0  21 . 3  
90 . 5  - 9 . 3  1 0 . 3  1 9 . 7  21 . 9  

89. 7 - 9 . 1 1 0 . 2  20 . 6  23 . 1  

( a )  Air dry 

Fat % Crude Fibre % N . F . E . % 
(a ) (b) ( a) (b ) ( a )  

7. 8 8 . 6  - - 53 . 5  
4 . 3 5 . 0  Included 56 . 8  
4. 6 5 . 3 in 57. 1 

5 . 1 5 . 8 N . F . E .  56 . 4  

5 . 7 6 . 2 1 54. 3  

(b ) Oven dry - cr2o3 free 

(b ) 

58 . 0 

62 . 8  

62 . 8  

62 . 0  

60 . 5  

cr2� % 

0 . 86 

1 . 05 

0 . 92 

1 . 04 

_j 0 . 96 
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The re-dis s olved �at extrac t  was then fi lte red through 

a medium grade �i lter paper into evaporating flasks . Fat 

par t icles  tended to adhe re to the edges of the �i lter pape r ,  

where the ethe r  was evaporating very quickly ,  and were removed 

by repeated washings wi th petro leum e ther. This proc edure , 

although tedious , gave reproduc ible result s . About 1 2  s amples 

pe r day could be comple ted in th is way. 

Es timation of c rude fibre was even more dif�icult . The 

me thod i tself is lengthy and the nume rous s teps invo lved lend 

thems elves to errors o� all kinds . In the fi ltering s tages 

after ac id  and then a lkali treatment , part ic les of C r2o3 and 

othe r  ma te ri a l  clogged up the linen fi lter p ads and could not 

be removed by washing. 40-50 a t tempts at crude fibre estimations 

produced not one reproducible re sult . On the advice of the 

Biochemis try Department , wh os e pas t experienc e had shown that 

crude fibre l evels below ab ou t 2-3%, were di��icult to de termine 

accurately by the Henneberg me thod , the estimati on o� this 

frac tion was abandone d.  ( I t  was ca lculated tha t  the crude 

�ibre level of �eed samples was in the vic inity o� 1 -3%. ) 

Hennebe rg analysis of the p r incipal ingredient s in the 

experimental �eed mixtures are shown in Table 1 5 . I t  should 

b e  noted,  however , that the figur es  shown were co l lec ted from 

analytical records made avai lab le by the College Bi ochemis try 

Department.  No samp le s  were taken for analys is from the 

ingredients actually us ed to  p repare the experiment al fee d  

mixtures . 
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Tab le 1 6  shows results o� the Henneberg and C r2o3 analys is of 

the trial  diets . Henneberg and cr2o3 analys i s  o� �aecal s amples 

are pre sented in App endix 2 .  

Analys i s  of the remaining �rac ti ons in feed and faeces by the 

Henneberg me thod proceeded smo othly and i t  was f ound pos s ible to 

obtain dup licate results whi ch di�fere d by 1 . 2%. 

PART VI . GROWTH DATA 

Liveweight data recorded during the tri al are present ed in 

Appendix 1 .  Ave rage weekly weight reached by an ime.ls on each 

\ �eed t reatment are given in Table 1 7 . 

graphically in Fi gure 1 3 . 

This da ta is presented 

3 
4 

5 
6 
7 
8 

TABLE 1 7  

Average weekly we ight ( lb s ) of pigs on the experi­

mental  feeds . 

Age Livewe ight ( lbs ) 
C ommon Starter Rati on 

weeks 1 0 . 9 1 2 . 5  1 2 . 2  1 1  • 6 
1 1  1 3 . 0  1 4 . 7 1 4. 5  1 3 . 8  

I I I  I I I  I V  

" 1 8 . 1  20. 5 20 . 1  1 9 . 3  
" 24. 9 27. 8 27 . 8 27 . 0  
" 34. 1 3 7 . 4  36 . 5  35 - 5  
tt 44. 0 47 . 5  46 . 4  45 . 2  
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1 .  §.g 
Fifteen pens containe d a piglet of each s ex .  Analys is 

of  the livewe ight  gains from the 21 s t  - 58th day ( data 

extrac ted from Appendix 1 )  showed no s ignificant differences 

be tween each group . This is presented in Tab le 1 8 .  

TABLE 1 8  

S tati s t ical Analysi s  of Liveweight Data for Differenc es 
Due to Sex . 

82 S2/n 

22 . 62 1 • 51 

Whe re 82 

82/n 

8x 
-- y 

2 .  RATE OF GAIN 

- - -8x - y X - y 

1 .  74 1 . 3  

= poo le d me an s quare 

t Re sult 

• 75 N.  S .  

: )arianc e 

=

o f' 

v
:::

ce of' dif'f'erence n between means 

The mean growth curves for an imals on the experiment.al  

die t s  are shown in Fig.  1 3 .  There would appear t o  b e  no 

obvious tre atment difference s . This observati on was sub-

sequen tly confirmed as a result of the statis tic al  analyse s . 

In the s tatis tic al t reatment of liveweight data , 35-58 

day weigh ts were us ed .  This  was in view of the fac t  that 

the four main experimental feed treatments were fed from the 
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35th day of age . Prior to  this , all animals were feeding on 

a common rati on and this was regarded as  a common s e ttling in 

period. 

There were no s tatis t ically s ignificant differences  in 

growth ra te from 35 to 58 days of age ,  be tween pigs on the 

four experiment al fee d treatments . This was shown by the 

an alys is  of var iance of liv eweight gains during this period 

( Tab le 1 9 ) .  

TABLE 19 

Analys is of Variance of Livewe ight Gains ( per pig ) 
from 35 to 58 Days of Age . 

Source  s s  d f  M S  F Result 

Blocks 1 2 . 09 5 2 . 41 8  0 . 22 N . S . 
Treatments 5 . 72 3 1 . 907 0 . 1 7  N . S .  
( E1 ) Pens 1 61 . 43 1 5  1 o. 762 1 .  77 N . S .  

(E2 ) Within 1 45 . 88 24 6 . 08 
Pens 

Total 3 2 5 . 1 2  47 

An analys is of covariance to tes t  the effect of 35 day 

liveweight on the livewe ight gain fram 35-5 8 days , a lso showed 

no s i gnificant b lock or t re atment e ffects . The ana lys is did 

however,  inc re as e  the accuracy of s tatis t ical analys is by 

reducing the standard error of the t re atment means from � 1 . 9 



ource 

1ota.l 
I locks 
1reatments 
:rror 
1r + E 
lifference 

Source 

Regress ion 
Error 

Total 

TABLE 20 

Analys i s  of Cov arianc e and Significanc e of Regress ion .  

y = liveweight gains per pen from 3 5-58 days of age . 
x = ini tial l ivewe ight pe r pen . 

COVARI .ANCE : 

d f  

23 
5 
3 

1 5  
1 8  

X xy y y1 M1 M S  

762 . 24 + 325 . 95 358 . 49 
330 . 93 + 39 . 83 24. 1 8 

82 . 37 + 21 . 87 1 1  . 45 
348 . 94 + 264 . 25 322 . 86 1 22 . 75 1 4  8 . 768 
43 1 . 3 1  + 286 . 1 2 334 - 3 1  1 44. 51 1 7  

21 . 76 3 7 . 253 

Unadjus ted treatment me ans and S . E . of means : ­
I 51 • 2 + j 21  G 5 24 

= :!: 1 • 9 I I I 51  • 5 + 1 • 9 

II + 53 . 0  - · . 1 .  9 IV 
+ 51 • 9 1 • 9 

S I GN I FICANC E  OF REGRE S S I ON :  

s s  d f  M S  F 

200 . 1 1  1 200 . 1 1  2 2 . 82 
1 22 . 75 1 4  8 . 77 

322 . 86 1 5  

Regression c o efficient b = 
+26�. 25 
34 . 94 

= + 0 . 757 

= . 025 

b + Sb = + 0 . 757 :!: 0 . 1 59 lbs  

Adjus ted treatmen t me ans : 
I 51 . 2 - 0 . 7573 (36 . 2 - 3 9. 0 )  = 53 . 3  

I I  53 . 0 - 0 . 7573 (40 . 9 - 39 . 0 )  = 51 . 6  
I I I  51 . 5 - 0 . 7573 (40 . 3 - 39. 0 )  = 50 . 5  

IV 51 . 9 - 0 . 7573 (38 . 5 - 39 . 0 )  = 52 . 3  

Result 
* *  

Approx . S . E  • . of treatment means = )8• Z68 = :!: 1 .  2 
.··� 

Re lative effic iency of c ovari anc e analys is  
= 2 1 .�24 

= 245% 8. 7 8 

F 

o .  83 
N . S . 
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to ! 1 . 2 ( Table 20 ) .  

A s ignificant result was found on tes ting for the s ig-

nificanc e  of regress ion.  The regress ion c oeffic ient (b ) 

was found to be : 

b = + 0 .  757 ! 0 . 1 59 lb s  

In the analys i s  of variance of 58 day livewe ight , a 

s ignificant difference was found between pens (p  < 5%::> 1 %) 

( Table 21 ) .  

TABLE 21 

Analys is of Variance of Liv eweight ( per  pig ) at 
5 8  Days of Age . 

Source s s  d f  M S  F Re sult 

Blocks 21 7- 3 7  5 43 . 475 1 . 09 N .  S .  
Treatments 68 . 77 3 2 2 . 923 0 . 57 N . S . 
(E1 ) Pens 600 . 1 7 1 5  40 . 01 1 2 . 26 * 

( E2
) Within 424. 00 24 1 7 . 667 

Pens 

Total  1 3 1 0 .3 1  47 

The ana lys is of covarianc e  us ing 35 day we ight as the 

independent variable and 58 day ( final ) we ight as the dep-

endent v ariable , s imi larl y  improved the accuracy of s tatis-

t ical analys i s  of the data ( Table 22 ) .  Although no s ignif-

icant tre a tment or block differences were found , the s tandard 

error of the treatment means was reduc ed from ! 3 . 7 to ! 1 . 2 . 



VARIANCE : 

1Sourc e  

otal 

locks 
reatments 
:rror 
1r + E 
)ifference 

TABLE 22 

Analysis  of Covari anc e and Signific ance of Regres s i on 

y = Final we ight per pen at 58 days . 

x = 35 day weight per pen . 

d f  1 X xy y y 

23 762 . 24 + 1 088. 1 9  1 772 . 62 
5 330 . 93 + 370. 75 434. 74 
3 82 . 37 + 1 04 . 23 1 37 . 54 

1 5  348 . 94 + 6 1 3 . 21 1 200.34 1 22 . 71 
1 8  431 . 3 1 + 71 4. 44 1337.88 1 41� - 49 

2 1 . 78 

Unadjus ted treatment me ans and S . E . of means 

I 87 . 3  ± }80 ·�2 2  
= ± 3 . 7  I II 

I I  93 . 9  ± 3 . 7  IV 

df M S  

1 4  8 . 77 
1 7  
3 7. 26 

+ 91 . 8  
+ 90 . 4 

F 

0 . 8.3 
N . S .  

:GNIFICANCE OF REGHESSION : 

iource s s  d f  M S  F Result 

�egress i on 1 077. 63 1 1 077. 63 1 22 . 9 ::< * 

}rror 1 22 . 71 1 4  8 . 77 

�otal 1 200 . 34 1 5  

Regress i on coeffic ient b = + 61� . 2 1 
34 . 94 

= + 1 • 757 
s2 

= a . zz  = 0 . 025 b 348 . 94 

b 
+ 

sb + 1 .  757 + 0 . 1 59 lbs = -

Adjus ted treatment means 

I 87 . 3  - 1 .  7573 (36 . 2  - 39. 0 )  = 92 . 2  
I I  93 - 9 - 1 . 7573 (40 . 9  - 39 . 0 ) = 90 . 6  

I I I 91 . 8  - 1 .  7573 (40 . 3 - 39. 0 )  = 89 . 5  
IV 90 . 4 - 1 . 7573 (38 . 5 - 39 . 0 )  = 91 . 3  

Approx . S . E .  of me an 1¥ + 1 . 2 = = -
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The relat ive efficiency of the c ovarianc e analys is in this 

cas e was 91 2%. 

A very highly sign ificant regre s s ion was found and on 

calculation of the regression coerfic i ent : 

b = + 1 . 757 

3 .  RELATIVE GROWTH RATE 

+ 0 . 1 59 lbs 

Table 23 summaris e s  the analys is  of var iance on re lative  

growth rate data be tween 35 and 58  days of  age . No s ignifican t  

t re atment differences were found , nor was there a significant 

b lock-treatment interac tion .  A highly significant difference 

was found between b lock means (p� 1 %)  • The multi -range test  

showed that animals in  b lock 5 ( pens 1 7-20 ) had the highes t  

re lat ive growth rate and thos e in block 2 ( pens 5-8 ) the lowes t .  

TABLE 23 

Ana lys i s  of Variance of Re lat ive Growth Rate 

(35-58 Days of Age ) . 

Source s s  d f  M S  F Result 

Blocks . 00031 8 5 . 0000636 6 . 49 * *  

Treatments . 000045 3 . 00001 50 1 . 53 N . S .  
(E1 ) Pens . 0001 47 1 5  . 0000098 1 .36 N . S . 

(E2 ) Wi thin . 0001 2 8  24 . 0000072 
Pens 

Total . 000683 47 
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PART VI I . FEED CONVERSION EFFIC IENCY 

Meal  consumption rec ords over the tria l peri od are 

presented in Appendix 6 and feed conv ersi on efficiencie s 

in Appendix 7 .  Average me al consumption per pen ( i . e .  

per pair of pi gle ts ) ,  increased from about 1 lb per day 

in the first week of the t ri a l ,  to between 5 and 6 lbs 

per day in the las t week . Details are summarised in 

Table 24 . 

TABLE 24 

Average Weekly Meal Consumpti on ( lbs ) Per Pen ( i . e .  Per Two 
Pigs ) from 21 -56 Days of Age ; Average Meal Consumpti on 3 5-57 

Days and F CF, 3 5-57 Days • 

Age Average Meal Consumpti on ( lbs ) 
(Days ) Common Starter Ra tion 

2 1 -28 7 . 0 6 . 6  7 . 0 6 . 9 
2 8-3 5  1 2 . 5 1 1 . 7 1 1  • 8 1 1  • 9 

I I I  I I I  IV 

35-42 1 9 . 7 20 . 9 1 8 . 3 1 8 . 3  
42-49 30. 0 3 1 . 8 2 9 . 1  28 . 0  
49-56 38 . 4 37 . 5  3 7 . 5 37  . o 

Feed Convers ion Efficiency 

Average Livewe ight 
Gain per Pen ( lb )  
35-57 Days I 54. 7 57 . 8 56 . 8 56. 3 
Average Total 
Consumed ( lb ) 

Meal 

35-5 7  Days 93 . 3  97 . 1  92 . 5  88 . 7  
lbs Meal/lb Gain 1 .  71 1 . 68 1 . 63 1 . 56 
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Table 24 s hows that feed c onversi on effi ciency i n  terms 

of the number of pounds of meal e aten for e ach pound increase 

in liveweight between 35 and 57 days of age , improved as the 

amount of whe y  powder in the die t increased. 

An analys is  of varianc e of the feed convers ion efficiency 

dat a  ( •rable 2 5 )  showed no significant differences be tween 

treatments , but a highly signifi can t  differenc e be tween blocks 

(p <: 1 %) . 

S ource 

Blocks 

TABLE 25 

Analys is of Var i anc e of Feed Convers ion Effic ienc ies , 

35-57 Days of Age . 

s s  d f  M S F Result 

0 . 41 5 0 . 082 5 . 46 :0:< *  

Treatments o . o8 3 0 . 027 1 . 80 N . S . 

Error 0 . 2 2 1 5  0 . 01 5  

Total o.  71 23 

Linear Trend 0 . 0785 1 0 . 0785 5 . 34 * 

The improvemen t in F C E from treatment I to t reatment 

IV,  as shown in Table 24 was of the order of 9%. Further-

more the fact that the whey powde r l evels had been incre ased 

by 1 5% of the ration in each treatment from treatment I up 

t o  treatment IV, i . e .  a graded se ries , suggested that there 

might be a s ignificant l inear trend as far as the improvement 

in F C E was cone erne d. Calcula ti on of the line ar component 

( Table 25 ) showed that this was the case , and that there was 
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a s ignificant l ine ar t rend in the improvement of the F C E 

as the amount of whey powder in the rati on increased,  at 

the 5% level of probab il ity . 

In the original experimental plan , it  was int ended to 

tes t f or the regress ion of total liveweight gain ,  on total 

fee d intake . In deciding that  such an analys is was no t 

l ikely to  improve s tatis tical int erpretation of the data , 

two main factors were taken into account .  The se were ; 

firs t ly the fact that  examination of the raw data revealed 

no obv ious treatment effects on livewe ight gains , ( see a ls o  

analyses of variance on growth data ) ; and the x variable 

( intake ) could be affected by treatmen t .  Data on we ight 

ga ins and feed intake provided a conversion fac tor for each 

t reatmen t .  Fully reali zing the risk of non-norma lity of 

these  rat ios , it  was decided tha t an analys is of varianc e 

of the F C E would be  eas ie r  to  interpret . 

Vmen the significanc e of the differenc e found for the 

b lock means ( Table 25 ) was analysed; blocks 4 ,  5 and 6 (wi th 

mean F C  E ' s  of 1 . 50 ,  1 . 49 and 1 . 60 lbs . .  fee d/lb gain respect­

ive ly )  had significantly better F C E ' s  than block 3 (P< 1 %)  ; 

b locks 4 and 5 were better  than block 1 ( P <  5%) and b lock 5 

was s ignificant ly be tter than bl ock 2 ( P <  5%) . Blocks 1 ,  

2 and 3 had me an F C  E ' s of 1 .  71 , 1 . 6 9  and 1 . 87 lbs meal/lb 

gain respectively . 

Figures 1 4  and 1 5  show food intake plotted agains t age 

and livewe ight of the pigs , respec t ively . These graphs a ls o  

show that i n  general meal consumption on treatment I V  was 
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TABLE 2 6  

Block Means for the Apparent Diges tibi li ty Coe fficients at 2 8  Days 

of Age (Collec tion Period 1 )  

� n 1 

Mean 

Dry Matter 80. 27 

Crude Protein 67 . 79 

Ether Extract 82 . 33 

Nitrogen Free 88 . 37 
Extract 

Ash 54. 82 

2 3 4 5 

App arent Diges tib i lity % 

79 . 1 9  79 . 1 9  

67 . 91 67 . 73 

77 . 65 75 . 20 

86. 77 87 . 04 

54 . 37 58 . 30 

•:< P <  . 0 5  

>;< ::< p < . 01 

84. 70 83 . 87 

79 . 64 77 . 84 

86 . 1 3  85 . 53 

89 . 82 89 . 33 

6 5 . 3 1  61 . 97 

Standard Significance 

6 Error of of Diffe rence 
Mean 

83 . 08 0 . 523 4, 5 ' 6> 1 ' 2 '  3 * *  

75 . 44 1 .  01 5 4 ,  5 ,  6 > 1 ,  2 ,  3 * *  
4 > 6 * 

85 . 40 1 .  507 4, 5 '  6 � 3 ,  2 * *  
1 > 3 * *  
1 � 2 * 

89 . 3 2  0 . 41 2  4 , 5 '  6 � 2 ,  3 * *  
4 > 1 ... 

... 

1 > 2 ,  3 * 

60 .32  1 .  797 4 > 2 ,  1 * * 
4 > 3  * 

5 , 6 > 1 , 2 * 
�--

1 

I 
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s lightly lower than c onsump tion on treatment I .  Consumption 

on treatment I I  increased rather sharply up to  the 7th week 

of age ( see als o Table 26 ) but then droppe d back to a leve l 

ne ar that of II , III  and IV. 

PART VII I .  APPARENT COEFFICIENTS O F  DIGESTIBILITY 

App arent coeffic ients of diges tibility for the five 

Henneberg frac t ions - dry matter, c rude prot ein ,  ether 

extrac t ,  ni trogen-free extract and ash - are tabulated in 

Appendices 3 ,  A ,  B ,  C and D .  

C onsiderat ion was giv en to the possibi lity of fee d 

in tak e  affe c t ing di ges t ib ility ,  particularly as far as the 

greedi e r  aniroo ls were conc erned.  Again the difficultie s  

o f  in te rpre ting any figures ob ta ined from s uch an analys is , 

and �he lack of any no ticeable pattern in the raw data 

sugges t e d  tha t an analys is of variance would be adequa te .  

These analyses  are present ed i n  Appendix 8 .  

Tables 26-29 give the mean apparent dige s t ibility co­

effic ien ts , f or blocks in the c ase of the fir s t  collec ti on 

period,  and treatments for the remaining pe ri ods , plus the 

resul t of the multiple range tes t on these me ans . 

( a ) C o l lect ion period 1 .  (28 days of age ) (see Table 26) 

At this s tage all an imals were being fed the c ommon 

s tarter rat ion . As previ ously des cribed in this Chapter ,  

a fai rly severe b out of scouring developed in the first 24 

pigle ts  t o  enter the test-hous e .  No scouring was observed 



TABLE 27 

Treatment Means for the Apparent Diges tibi lity Coeffic ients a t  42 

Days of Age (Colle c ti on Period 2 )  

� Standard Signifi cance of 
n I II  III  IV Error of  Difference 

Mean 

Mean Apparent Digestib ility % 

Dry Matte r  82 . 82 86. 73 86 . 1 1  86 . 38 0 . 552 I I , III , IV .>-

Crude Protein 77 . 80 82 . 44 80. 98 82 . 06 0 . 666 I I , III , IV > 

Ether Extract 70. 21 80. 73 82 . 79 86 . 40 1 . 1 45 I I ,  III , IV > 
IV 7 

Ni trogen Fre e  86 . 3 8  89 . 71 90 . 52 92 . 07 0 . 423 I I ,  III , IV 7 
Extrac t IV ";> 

IV > 
' 

Ash 77. 84 79 . 94 71 . 27 62 . 92 1 - 43 I ,  II , III  ::> 
I ,  II  -;> 

---- -----�-- -------�----- ----------- - --------- -- --

* p < . 05 

)� *  p < . 01 

--
I * *  

I * * � 

I * *  
I I  * *  

I * *  
I I  * *  
I II * ! 

IV * *  
III  * * 
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from the rema ining animals to enter under tes t .  

Highly s igni fi cant differenc es  were found between the 

b lock means of all five fract i ons . The multiple range test  

showed the me an apparent digestibi lity c oeffi cients for  those 

animals which did not scour (blocks 4,  5 and 6 ) , to be  s ig-

nific antly hi gher than for thos e of the sc ouring groups 

(blocks 1 ,  2 and 3 ) .  

(b ) Co lle et ion pe riod 2.  (42 days of' age ) (see Table 27) 

At this s tage , all an imals had been fed on one of the 

four experimental di ets for one week . An analysis  of' vari ance 

on diges tibi li ty c oefficients showed highly s ignificant  differ-

en ces between treatments  for all five frac ti ons . The mult iple 

range tes t , showed that the me sn diges tibility coeffic ien ts of 

dry matter , c rude protein,  ether e xtrac t and ni trogen free 

extrac t for treatmen ts I I ,  I I I  and IV were s i gnificant ly higher 

than the me an diges tibility coeffic ients of the se frac t ions in 

tre atmen t I ( P< 1 %) .  In addi tion the diges t ib i l i ty coefficients 

of ether extrac t and nitrogen free extrac t for treatment IV were 

signifi cantly highe r than for treatment II ( P <  1 %) . 

On the o ther hand the diges t ib i l i ty of' the ash fract ion 

for treatments I ,  I I  and I II ,  was si gnificantly hi ghe r  than 

for treatment IV, ( P< 1 %) . 

( c ) C ollection period 3. (49 days of age) (See Table 28 ) 

In peri od 3 , the me an app arent d i gestibi lity coeffic ients 
' 

of the dry matter and c rude protein did not have such s i gnif-



TABLE 28 . 

Treatment Means for the Apparent Diges tib ility Coeffic ients 

at  49 Days of Age (Collec ti on Period 3 ) 

� . 

Dry Matter 

Crude Prot e in 

Ether Extract 

Ni trogen Free 
Extract 

Ash 

I II  III  IV 

Mean Apparent Digestib ili ty % 

82 . 66 

78 . 70 

72 . 43 

86 . 23 

76 . 57 

86 . 55 84 . 37  

81 . 99 79- 98 

80 . 01 82 . 43 

86 . 43 89 . 53 

75. 60 64 . 02 

�:< P < . 05 

* * P< . 01 

84. 92 

81 . 1 3 

85 . 28 

91 . 87 

53 . 72 

N . S .  Not Signifi cant 

---

Standard Signif icance of 
Error of' Dif'f'erence 
Mean 

0 . 635 II > I 
I I  > III  
IV � I 

0 . 783 II  > I 

0 . 996 I I ,  II I , IV ? I 
IV ? II 

- N .  S .  

1 . 523 I ,  I I , III  -:;:::.- IV 
I ,  I I  ? III  

---- ---------- ---

* *  
* 
* 

* 

* *  
* *  

* *  
* *  
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ic antly higher values in the whey powder containing rati ons as 

in period 2 .  Compared with the previous period,  dry ma tter 

di gestibi li ty was greates t in treatment I I  only , the difference 

from that of I being s ignificant a t  the 1 %  level of probabi lity 

and from that of II I ,  at  the 5% level . The only s ignificant 

differenc e in crude prot e in digestibility between treatments , 

was als o in treatment I I , which was s ignificantly higher than 

I ( P < . 05 ) .  (A s imi lar trend was noted in pe riod 2 ,  where the 

highe s t  diges tib ili ty coefficient for dry ma tter  and crude 

protein was for' treatment I I . This was not however ,  signif­

ic antly greater than the mean diges t ibili t ies of these  frac tions 

for treatments III  or IV, but was significantly greater than 

for treatmen t I . ) 
The J,Iean diges tib i l ity c oe ffic ients for the ether extrac t 

and ash frac t i ons had s ignificant treatnrent differenc es of the 

s ame order as thos e observed in the previ ous period .  

An analys is of variance showed tha t the re were no s ignif­

ic ant differences be tween treatments f or the diges tibility of 

the nitro gen-free extrac t .  As observed in pe riod 2 ,  however ,  

the dige s t ibility of this fraction increased as the amount of 

whey powder in the ration inc reased ( Table 28 ) .  C alculation 

of the line ar c omponent ,  on the bas is of the whey p owder increase 

being a graded series ( Appendix 8 ) , proved this trend to be a 

s ignific ant one . 

( d ) Collec tion period 4. (56 days of age) (See Table 29 ) 
The p attern of the treatment differenc e s  for the me an 

digestibi lity coeffic i ents in this peri od,  was s imi lar to that 



� n 

Dry Matter 

Crude PPote in 

Ethe r Extract 

Nitrogen Free 
Extract  

Ash 

TABLE 29 

Treatment Means f or the Apparent Diges tibi lity Coefficients 

at  56 Days of Age (Col lec t i on Per iod 4) 

I I I  III  IV 

Mean Apparent Diges tibi lity % 

81 . 71 84. 56 82 .43 83 . 99 

77. 1 5  80 . 74 76 . 30 79 . 6 1 

6 7 . 73 73 . 1 2  75 . 24 80 . 97 

85 . 8 5 88 . 84 89 . 97 91 . 83 

76 . 02 72 . 81 57 .3 5 50 . 1 6  

::< p �  . 05 

* *  P < . 01 

Standard 
Error of 
Mean 

0 . 536 

1 . 1 1  8 

1 . 020 

0 . 351 

1 . 57 

-------�--�----- --' -

Signif icance of 
Differenc e 

II> I * *  

!�� yii * 
* 

I I  ;::.- III , I * 

II , III , IV > I  * *  
IV ;:.- I I , III  * *  

I I , I I I , IV "> I  * *  
IV � I I ,  III  * *  

III  > II  * 

I , II , I I I  "> IV * *  
I ,  I I  ::> III  * *  

- -
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observed in period 3 .  Comp ared w i th the previ ous period the 

maj or differenc e oc curred in the diges t ibili ty of the nitrogen­

free extrac t ,  whi ch  was more simi lar to that observed in period 

2 .  N F E  diges t ibili ty f or treatment s I I ,  I II and IV was s ig­

nific an tly greater than for treatment I .  I n  addi tion the N F E  

c oefficient of digestib ilit y  f or trea tments III and IV were 

s ignific ant ly greater than thos e for treatments  I I ;  and II and 

I II respe ctively. 

Furthermore the me an c oeffic ient of di ges tib ility for 

c rude pro tein in treatmen t II was s ignif icantly grea te r than in 

trea tments III  and I ,  and the diges tibility of ether extract in 

treatment IV was s i gni ficantly greater than in treatments I I I  

and I I . 

GENERAL 

The average digestibili ty c oeffic ients for the five 

frac t ions for each treatme nt comp ari son and at each faecal 

c o l le c t ion period , are lis ted in Table 30 .  

In  gene ral diges t ib ilitie s  of the frac ti ons , inc reased 

ove r  the f irs t 3 weeks of the trial but dropped slightly in 

mos t cases , over the las t  2 weeks of the tri a l .  



Trt. 

I 

I I  

TI I  

IV  

' 

TABLE 30 

Average apparen� d igestibili ty c oeffici ents for the five frac­
t ions at each f aecal collection pe riod .  

Collection 
Peri od 

1 * 

2 

3 

4 

1 * 

2 

3 

4 

1 .,. .... 

2 

3 

4 

1 * 

2 

3 

4 

Dry Matter Crude Prote:in Eiher Nitrogen Free Ash % 
% % Extract % Extract % 

81 . 37 71 . 80 81 . 21 88 . 43 58 . 47 

82 . 82 77. 80 70 . 21 86 . 38 77. 84 

82. 66 78 . 70 72 . 43 86 . 23 76 . 57 

81 . 71 77. 1 5  63 . 73 85 . 85 76 . 02 

81 . 75 73 - 1 1 83 . 34 87 . 94 57. 92 

86 . 73 82 . 44 80 . 73 86 . 3 8 77. 84 

86 . 55 81 . 99 80 . 01 86 . 23 76 . 57 

84. 56 80 . 74 73 . 1 2  85 . 85 76 . 02 

81 . 65 72 . 1 3 82 . 61 88 . 54 57 - 92 

86. 1 1  80. 98 82 . 79 90. 52 71 . 27 

84. 37 81 . 99 82 . 43 89 . 53 64. 02  

82 . 43 76.30 75. 24 89. 97 57 . 3 5  

82 . 09 73 . 01 80 . 09 88. 94 60 . 01 

86 . 3 8  82 . 06 86 . 40 92. 07 62 . 92 

84. 9 2  8 1 . 1 3  85 . 28 91 . 87 53 . 72 

83 . 99 79 . 61  80 . 97 91 . 83 50 . 1 6  

* C ommon S tarter Rati on (N. B .  For comparis on 
wi th the othe r c ollect i on pe riods the means for 
the s ix blocks have b een re-calculated on the 
bas i s  o f  the four t reatments which were subsequently 
allotte d  in thos e b locks . ) 
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PART IX. GROSS DIGEST IBLE ENERGY 

Tab le 31  give s  the gross ene rgy c ont�nt of faeca l  s amples ,  

as determine d in the Bomb Calorime te r .  Gross ene rgy cont ent 

of the five expe r iment al feed  mix tures ,  de termine d in the s ame 

way, are s ho\vn in Table 32 . By us ing the c hromium oxide rat i o  

be tween feed and faeces , a s  used in t he de terminat i on of the 

apparen t dige s tibility coeffici ents , i t  was pos s ib le to cal-

c ulate the gros s d iges t ib le ene rgy of each fee d treatment . 

This value expressed  as a percentage is  lis ted in Table 31 . 

In Table 32 this pe rcentage has been applied to the gross  

ene rgy content of the correspond ing feed t reatment to give 

an estimate of the gros s dig es tib le ene rgy in calories per 

gram , of each feed mix ture . 

TABLE 31 

Gros s energy of faecal s amples and gross diges tib le ene rgy 

percent ages of treatment c omparisons at co l lec t i on pe riods . 

Collecticn Pen No . Treatment Gross Ene rgy Gross Mean 
Period Faecal  Sample Diges tib le G . D . E. 

( C als/G .  M . of Ene rgy % % 
D . M . ) 

2 6990 72 .- 59 
1 5 Common 7207 71 . 25 73 . 71 

1 0  S tarter 7204 72 . 03 
23 6722 78 . 97 

4 I 5965  81 . 89 
2 6 IV 6630 83 . 1 0  83 . 37 

22  III  6363 84. 26 
24 I I  6297 84 . 23 

3 IV 623 1  83 . 56 
3 7 III  61 50 80. 00 82 . 1 7  

1 3  I I  6 1 27  82 . 95 
1 7  I 5978 82 . 1 5  

8 I 621 7 78 . 20 
4 1 2  I I  6045 80 . 53 80 . 00 

1 5  IV 6295 80 . 64 
1 8  I I I  6 1 64 80. 67 
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TABLE 32 

Gros s  ene rgy ;  Mean G . D . E .  % and G . D . E .  of the 

Expe rimental Feed Mix tures 

Treatment Common I II III  
Starter 

Gros s Ene r�y 5349 5281 5250 521 6 
( C als/G . M . 

Mean G. D . E .  % 
of' Feed ove r  73 . 71 80. 75 82 . 57 81 . 64 
Trial Pe riod 

G . D . E .  in 
Feed (Cals/ 
G . M. ) 

3943 4264 433 5 4258 

IV 

51 60 

82 . 43 

4253 

Although sli ghtly higher for treatment II , the e s t ima ted 

gros s diges t ible ene rgy contents of the f our main treatment 

compari sons , were very s imi lar ,  being in the order of 4 , 250 

c a lorie s  p er gram. 

As only a small number of'  results were available the 

only s tat is t ic a l  treatment of' the ene rgy calculations was an 

analys is  of' variance on the gross  diges tible ene rgy percent-

ages pres ented in Table  31 . This was t o  c ompare differenc e s  

between fee d treatments and between collec t i on peri ods i n  the 

range of' ene rgy values measured ( Table 33 ) .  



1 05 .  

TABLE 33 

Analys is of varianc e of gros s di ges tib le ene rgy 

% of feed treatments . 

S ource s s  d f  M S  F Result 

Co lle c t ion 
Periods 221 . 88 3 73 . 96 1 2 . 93 ):< * 

Treatments 1 .  73 3 0 . 5 8 0 . 1 01 N . S .  

Error 51 . 49 9 5 . 72 

Total 275 . 1 0  1 5  

There we re no s ignifi can t  diffe rences be tween treatments . 

A highly s i gnificant difference was found between c ollection 

periods . The multirange tes t s howed that the me an G . D . E .  % 

for c ollect ion pe ri ods 2 ,  3 and 4 (42 , 49 and 56 days of age 

respe c t ively ) were signifi c an tly greater than the mean G. D . E .  

% for pe riod 1 ( 2 8 days of  age ) - P< 1 %. The re were no other 

s ignific ant differences . 
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DISCUSSION AND CONCLUSIONS 

I .  ADAPTABILI TY OF ANIMALS TO EXPERI MENTAL CONDITIONS 

This t r ial proved beyond a doub t that young pig s  could be 

handled very e asi ly under  the experiment al cond i t ions . Young 

pigs are inc lined to be bois terous and pen apparatus mus t be 

able to withs tand a fa i r  battering . Pen clean liness is impor t-

ant , not only in the event of a bout of s cour ing such as in the 

p resent tr i al , but in order to p revent exces s ive wast e  of spilled 

food whe re a food consumpt i on check is kept . The grow th rate o f  

the pig make s it  an ideal expe riment al an ima l, with relat i vely 

short expe riment al peri ods in which a l arge amount of data c an 

be collec ted. Fur ther m o re the hous ing arrangement in the pres-

ent tri al was admirable for the purpose of cons tant observati on 

on a ll the an ima ls , with a minimum of trouble .  

I I .  US E OF CHROMIUM OXIDE 

Whi le no c ompari s on was made of the c r
2

o
3 

- refe renc e me thod 

wi th any other me thod of me asuring digestib i l i ty ,  the me thod 

proved sat isfactory in the p resent trial , e asy to manage onc e 

techni que s  had been developed ,  and the results would appear t o  

give a fair indic ati on of the diges t ibi l i ty of feed fract ions 

thr ough the trial . The se will  be  di scussed in more  de tai l 

e lsewhe re in this Chapte r .  
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1 .  Inc orporat�on into th e Die t 

Jus t how real the problem of' s tratific ation of' the index 

subs tance in the f'eed would have been ,  if' the premix me thod 

of' inc orporati on had not been us ed,  is di f'f' icul t to ascer tain. 

This problem could only be answered,  if' a trial comparing tbe 

results of'  the use of' t he  index wi th and wi thout a premix or  

"binder " ,  was conducted . 

I t  would app ear however , tha t the use of' the f'lour - Cr2o3 -

water premix did help to prevent excess ive s tratificat ion of' 

the index subs tance through the f'eed.  

Visual inspection of' the jars of' s tored f'eed samples 

s howed that le s s  stratification of' cr2o3 was occurr ing in 

t reatments I II and IV . This could pos sibly h ave been due to 

the whey powder exe rt ing a b inding ac ti on on the f'ine Cr2o3 

par ticles . 

I t  was unfortunate that at tempts to produc e the trial 

f'ee ds in pe lle t  f' orm f'ai led .  Apart f'rom t he f'ac t  that pelle t-

ing would have obvi ated the necess ity to prepare a p remix of' 

the index s ub s tance , the problem of' "caking " of' the f'ee d  mix­

tures and f'eed overflow may have b e en e asie r  to c ope wi th. 

A nurriD er of' authors have satisfac torily used pe lleted 

f'ee ds f'or young pigs and have repor ted that there is  less was te 

than w ith the same rati on f'ed in a non-pelle ted f'orm (C arrell 

and Krider,  1 956 ; Terr i l l  et a l ,  1 956 ; Dyrendahl e t  a l ,  1 958) . 

Acke r  and Catron ( 1 953 ) c laimed that  in a c omp arative trial young 

pigs of'f'ered the same good s tarter rati on in three f'orms - pellets , 
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crumbles ( granulated ) and me al - showed a preferenc e to e a t ing 

them in th at order .  

The manufac turer conc e rned in the present ins tance rep orted 

that he had always exper ienc e d  troub le ,  trying to manufac ture 

pe llet feeds containing more than about 20% of mi lk produc ts . 

Thi s  diffi culty i s  probably due to  the hygroscopic nature of 

s ome of the s e pro due ts . 

2 .  Cr2o3 P�alys i s  

The poor res ult s obtaine d from the Barnicoa t  alkaline 

oxidat ion fus i on me thod would concur with the findings of 

Stevenson and de Langen ( 1 960 ) .  Thes e  worke rs examined the 

fusion me thods of Barnicoat ( 1 945 ) ,  Kane et  al ( 1 950 ) , Schurch 

�a l  ( 1 950 ) ,  Raymond an d  Mis son ( 1 955 ) ,  a.nd Kamso la. e t  al  ( 1 957 ) .  

In fus ing w ith s odium peroxide , Stevens on and de Langen 

found that the los s in we ight of the nicke l  cruc ible was 2-5 mg 

per a s s ay .  The c rucible s ( as in the present tria l ) bec ame 

pitted and eventually holed .  Retention o f  chromate in the 

nicke l oxide prec ipitate was considerable and at no time s was 

this loss of chromate a s tandard one of 2% , as sugges ted by 

Barnicoat ( 1 945 ) .  Fus ing wi th potass ium and s odium hydroxides 

s howed le s s  loss in weight of' the nicke l cruc ible s , but low 

recoveries of chromate an d  poor reproducability. 

More s atisfac tory res ults were obtaine d  w ith the me th od 

of Maunse ll  ( 1 944) .  This me thod cons i sted of a s odium c ar-

b onate fus ion , oxidation being comple ted by addi tion of 
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hydrogen peroxide . The s olut i on was then boi led  to ensure 

that all the c hr omate was c omple tely dis s o lved and t o  remove 

exc ess  peroxide bef'ore c olorime try . It  was f'ound that the 

large expendi ture of' ni ckel cruc ibles and the re tention of' 

chr oma te in the nicke l oxide precipitate , c ould be avoided if' 

the oxidi sing substanc e  was added to the cruc ible af'ter f'us ing. 

However ,  reproduc ibility of' res ults , deyended on cri tical heat­

ing conditi ons during f'using , and adequate mix ing and grinding 

of' the cr
2

o3 - carbonate ash. The se condi tions made the method 

a dif'f'icult one f'or large scale 1�utine wo rk .  

For thi s  reason a "wet  diges ti on 1 1 method was developed by 

C oup end Lancas ter ( 1 95 2 ) and modified by Chris tian and Coup 

in 1 954. 'l'his me thod c ons is ted essent ially in the us e  of' 

potass ium bromate as the oxidis ing sub s tanc e .  In the presence 

of' a sulphuri c  acid/pho sphoric ac id mix ture and a manganes e  

c ompound a c omple te ox i dation of' the cr
2

o3 to the dichroma te  

s ta te could be achieved . Previ ous attempts to es tabl ish such 

a wet diges ti on pro cedure had fai led w ith a nwnber of' oxidis ing 

agents , catalys ts and c ontro lled heating , mainly due to the 

incomple te formation of' dichromate or , converse ly , comple te con­

vers ion int o  insoluble c hromic c ompounds . ..l:!.:stimati on of' di­

chromate was achieved by volume tric methods . The authors 

pres ented  this procedure as an improvement over Coup and Lan­

c as ter ' s ( 1 95 2 ) method whe re a low dai ly output was common. 

Furthe rmore a long-boi ling peri od was requi red because the 

Cr2o3 was not readily attacked by the oxidis ing agents at  the 

temperature of' the di lute acid mixtures us e d  and also to ensure 
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a t  a late r  stage that all excess bromate was removed before 

the back titrati on. 

S tevens on and de Langen ( 1 960 ) however ,  describe a further 

modific a ti on to this me tho d  which avoi ds the c r i tical heat ing 

condi ti ons of Chris tian ' s  modificati on and the long boiling 

t ime of C oup and Lancas ter ' s  me thod is re duc ed to 1 0-1 5 minutes . 

Furthe rmore these  authors c ons ider a ca lorimetric me thod of 

determining the concent rati on of dichromate more accurate than 

the volume tric one ( i t  doe s awa y, of course , with the ne ces sity 

of preparing s tandard s olut i ons which c ould introduc e furth er 

error ) .  Chroma te solutions conf orm t o  Beer ' s  Law and a wide 

range of concentrati ons can b e  measured at  a wavelength of 400 m u  

wi th suffi cient accuracy. 

For this reason the me thod was a dopt e d  in the p resent tria l 

and prove d  s a tis fac tory .  

Sinc e  this trial was c omple ted de Langen ( pe rs . comrn . 1 960 ) 

has indic ated tha t further modificati ons to thi s me thod have been 

made . Again these  c ons is t  in the main of reduc ing the cri tical  

condit ions requi red at  certain s tages of the proc edure , in this 

cas e  in the final removal of the Mn o2 prec ipi tate , ( in the previous ! 
me thod,  s haking of the solut ion t en de d  to break this  pre cipitate 

down in to the c o lloidal s tate  again ) and the p reparat ion of the 

dichromate s o lution for a photome tric reading. 

In the present tria l ,  the 1 1wet di ges ti on "  me thod us e d  proved 

sat is fact ory onc e familiarization w ith the procedures had been 

achieved.  I t  was vitally important however ,  to  keep e quipment 

spotle s s ly c le an .  The modi1�ic ati ons to the me thod , which have 
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b een develope d s inc e the present trial was carrie d out , would be 

well worth cons ideration for future Cr2o3 an alytical w ork. 

I I I .  OBSERVAT IONS 

1 .  Drmg Cons is tency and Inc idence of Scouring 

The bout of scouring reco rded in the firs t  2L� animals to go 

under tes t ,  s e rves to emphas ise the importanc e of avo iding s udden 

changes in  die t .  In this case removal from the s ow into an 

environment in which ad libi tum f ood was provided and vir tual ly 

n o  c ompet i t i on for food with littermates exis ted. All an ima ls 

had however , b een given a "c reep " feed whi le on the s ow ,  identical 

in c ompos i ti on to tha t of the c ommon s tarter  tes t  rat i on .  

Vme ther o r  not , this scour ing was whey induc e d  is open to 

c on je c ture . In the s tarter rat i on wh ey powder c ons ti tuted only 

20% of the rat ion . Becker e t  al  ( 1 957 ) found no  inc idence of 

s c ouring at an.y s tage of their tr•ial , in sp ite of the fac t that 

drie d whey pow der was inc luded in a semi-purif ie d die t fed to 

yormg pigs ( 1 4-L!.2 days of age ) up to a leve l of 60%. IU>ider 

e t  al ( 1 949 ) on the o ther hand rep orted the oc currenc e of diarrhoea 

in weanling swine fed from 56 days of age , on a corn-s oya bean type 

of' ration c on taining 4% and 8% of a dri ed whey produc t .  In the 

pre liminary t rial  of t he p resent s tudy , no s cour ing was observed  

in  the 6-week old  pigs use d ,  although whey powder was fed at  a 

leve l of' 45% of the die t .  

I t  would thus appear that  tole rance to whey powder feeding 

in young pigs i s  governed by a delic ate balance between the age 

of the animal and the remaining ingredients in the die t .  



1 1 2 . 

I t  is  unlike ly that phys ic al c ondit ions within the tes t-house 

c ontribu ted. Although all  the scour ing occurred in animals on 

one s ide of the hous e ,  a complete  lit ter of e i ght in which no 

s c ouring was obs e rved, were hous ed on the s ame s i de . 

I t  is  pos s ib le tha t  appetite was a contributing :fac tor .  

Genera lly the s cour ing animals were sl ightly heavie r when the y  

ent ere d under tes t  than the non-sc ouring animals . The las t two 

l i t te rs to  en ter the tes t-house (Pens 1 7-24) in partic ular were 

gene rally lighter in we ight than mos t  of the o ther lit te rs , 

(Appendix 1 )  and d id no t suffe r  from s c ours . The heavier animals 

we re incline d to have he avier  appe ti tes (Appendix 6 )  and over­

e a t ing on the ir p art c ould have induce d scouring . In pa rti cular 

pig 49/6 9 B in pen 3 ate extreme ly greedi ly and he avi ly throughout 

the tri a l , had the heavies t cons umpt ion of any of' his  mates and 

t opped t he scales at each weighing . During the firs t fortnight 

this an ima l suf fe red heavi ly from scouring and was the l as t  member 

of the s couring groups to  recover from the bout . I t  is  suggested  

that thi s  was an exagge rated case of  a genera l pattern in  the 

s c ouring groups . 

The charac t e ris t ic f orm of faecal materi al voided by an imals 

on eac h of the experimental trea tments would conc ur with the 

generally accepted  physi ological role of the large intes tine in 

water c onservat i on in the body (Dukes 1 955 ) .  Fi scher and Button 

( 1 949 )  referred to  the dehydrating effect of lac to se in the small 

in testine . Kri de r  e t  al  ( 1 949 )  repor ted an inc rease in water 

c onsumpt ion by animals fed rati ons h igh in lac t os e  or in dried 

whey products . Removal of water  f r om the final undige s ted 
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produc ts of' alimentation,  by the large intes tine would help to 

c ounteract this dehydrati on.  

The h ard dry f'ae c al matter voided by animals on treatment 

I V  in the present tr ial , corroborates this . 

2 .  Feeding Habi ts 

The s ow has ve ry clos e c ontro l  over the le t down or her mi lk .  

Smi th ( 1 952 ) found that th e  interval between sucklings in s ows  

varied from a me an of' 60  minutes in the firs t week of' lac tation 

t o  70 minutes in the e i ghth week . The pat tern of feeding in 

the present tri a l ,  part icularly when the an ima ls were settled at  

night , sugges ted that this hourly feed  to which they had bec ome 

accus tome d pri or to weaning , was carried ·th rough to the pos t 

weaning s t age . This was part icu larly so w ith animals feeding 

on treatments  I and I I .  More frequent vis i ts to the feeders 

by animals on treatment s  I I I  and IV mi ght be explained in terms 

of these mix tures being les s  palates.ble . The observati ons 

indic ated tha t animals on the s e  treatment s ate lit t le but often . 

The se treat ments were high in their whey pow der content , rapidly 

became s ticky on exposure to the air and from animal s aliva and 

c aus ed anima ls to make frequent vis its to the water  trough . To 

the human pala te , the se mixtures were extremely salty . 

As the animals bec ame olde r ,  the interval be tween feedings 

inc reased. This was no doubt a natural adaption devel oped as 

the animals los t thei r pre-weaning suckling habi t s  and fed 

according to the ir new needs . 
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3 .  Wate r  Consumption 

The importance of providing fresh c lean water when dry 

mea ls are fed t o  pigs was sho�� in this tri a l .  On all treat­

ments anima ls made c ons tant use of the water provided and in 

mos t cases refus ed to drink c ont aminated water .  

The fac t  tha t more water was drunk by thos e an imals on  the 

high whey powder feeds would fo llow from the reports c i ted  

earlie r ,  on the dehydra ting effect of  feeds rich in lactose or  

c onc entrated whey produc ts , and which als o have a hi gh soluble 

s al t  conten t.  

The re is little dat a  in the literature on the water con-

sumption of young pigs . Mos t of the avai lable informati on 

re lates t o  older pigs . The amount needed undoubtedly varie s  

acc ording t o  the age of the anirr� l ,  the type o f  food and the 

environment a l  ten1pe ratures . Linton and Viilliamson ( 1 943 ) put 

forward the gen eral rule tha t  the daily supply of water should 

be 3 lbs of water for e ach 1 lb of meal up to 1 00 lb liv eweight . 

On the o ther hand Evvard,  Wallace and Oulberts on ( 1 927 ) calcul-

ated t hat a 25 lb pig would require 4. 25 and 5 . 45 lbs of water 

per day , in the autumn and spring respe c t ively . A 50 lb animal 

w ould require 4 . 80 and 5 . 80 lbs per day. Leroy ( 1 93 7 )  sugges ts 

3 . 5 lbs of water per day f or a 44 lb pig.  The water consumpt i on 

of animals on treatment I a t  approxima tely i gals . - 1 gal . 

( 7-1 0 lbs )  pe r day, a t  l i veweights ranging from 30-45 lbs ,  would 

be sl i ghtly higher than the above recommendati ons . With the 

treatments c ontaining whey powder ( I I , III  and IV) , the s e  recommend-

ati ons are definitely too l ow. Dai ly consump ti on by animals on 
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treatment IV was in the vicini ty of 2 gals . ( 20 lb ) . This  

w ould fur the r  indic ate the importanc e of  provi ding adequate 

quanti t ies of water when feedi ng whey powder.  

I V .  �EBgRG ANALYSI S  

The remarlm of Cramp ton ( 1 956 ) conc e rn ing th e limitati ons 

of the Henneberg analys is ,  and quoted in Chapte r  I I , were we ll 

boi'ne out in the pres ent tri al . :Namely , tha t  this me thod was 

ne ver intended to giv e  result s whi ch our mode rn know ledge of 

nutri t ion deems des irable . The p roblem still remains to find 

suitab le me thods of ana lys is wh ich give more prec ise informati on 

on the indi vidual chemic al compounds in fee ds tuffs , but are easy 

to c arry out on a large numb e r  of s a�ples . 

In the pr esent trial the ma j or faul ts wi th t he Hennebe rg 

me thod lay in the es tima ti on of : -

( 1 .) Crude f ibre 

( 2·.) Ni trogen-free extrac t 

1 • Crude Fib re 

Wallace (pers . co�n. 1 960 ) and o ther workers hav e  repor ted 

on the d ifficult ies of accurately es timating the crude f ibre 

c onten t of ma terials by the Henneberg method , at leve ls lower 

t han 2-3%. In Table 1 5  (Chap ter IV) barley mea l  is  given an 

oven-dry crude fibre percentage of 4. 4 and is the only ingredient 

in which crude fibre is �ound. Calculati on of the c rude �ib re 

c ontent of the main treatment c omp ari s ons in the p resent trial 

would thus give  the �ollowing: 



Trea tment 

Barle y  Mea l % 

C rude Fib re % 

I 

55 

2 . 4  

1 1 6 .  

I I  

40 

1 . 8 

I I I  

25  

1 . 1  

IV 

1 0  

. 4  

The accur acy of a crude f ibre e s t ima te at the se leve ls 

i s  que st ionab le . This i s  unfor tuna te , , p art icularly as the 

main t ri a l  was p r imar i ly to obs erve the effec t  of replac ing the 

b ar ley meal w i th whey p owder.  

The extent of c rude fibre d i ge s ti on in the monogas tric 

anima l  is of great in tere s t  and importance . Hallswor th ( 1 949 ) ,  

.Mi tchell ( 1 94 2 ) and \Valke r and Hepburn ( 1 955 ) are bu t a few of 

the w orkers vvho have found that t he crude fib re cont ent of animal 

die t s , even at low leve ls , of ten have a d irec t bearing on the 

di ges t ib i l i t y  of the othe r  nutrient s .  Many have f ound a ne gat iv e  

c orrelation b e tween the crude fibre cont ent o f  the organic ma tt e r  

and t he di ges t ib ility o f  the orgen ic ma tt er . For this reason 

s everal cur rent inv e s t i ga ti ons inc lude a study of t he more c omplete 

analyses of p lan t cons t i tuents in an imal di ets . To da te mos t of 

the s e  me thods are diffi cult to op erate and lengthy . 

Hallsworth ( 1 950 ) sugges ts modi fic ati ons to the Henneberg 

c rude fibre analys i s  by us ing an ac id digesti on alone , to 

e l iminate v ar i a ti ons whi ch may oc cur due t o  t he alka l i  me thod 

mo re commonly us ed.  

Crude fibre i s  a mis leading t e rm ,  the frac ti on which it  

repres ents is not a s ingle chemi c a l  ent i ty and varie s wi dely in 

c ons t i tu ti on b etween mate rials and b e tween fee d  and faeces . 
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2 .  Ni trogen Free Extract 

Like the crude f ibre fraction the ttli trogen free extrac t "  

portion ,  obta ined by dif ference in the Henneberg analys is , is 

not a sing le chemic a l  compound , I t  is usually regarded as tha t  

port ion of the mate rial  containing the so lub le carbohydrates . 

In the present  tria l the specific c ons t i tuent s  of the N F E  port i on 

w e re o f  part icular intere s t  as the se  would have changed as whey 

p owde r  replaced b ar ley meal in the treatment comparisons . This 

was particularly the case with respec t to lact ose which cons titute d  

s ome 60% of lac tic c asein whey powder . Reference to the s ens-

i ti  vi ty of the young pig to lac tose was made in Chapte r  I I .  

The ash content of the experimental feed t re atments ( Table 1 6 ) 

was slightly highe P than that c alcu l ate d by us ing the data in 

T able 1 5 . This was pr obably due to the mine ral mixture added t o  

the tri al  die ts . Fur thermore , this calculation shows an incpease 

in ash c ontent of the tri al feeds as the amount of whey pow de r  

incPeases ; not a decrease a s  found on analysis . This \VOUld 

emphasi ze the danger of placing too much wei ght on the nut rient 

f'pact ions of feeds tuffs as c alculated from data on the indiv idual 

ingredients . 

V .  GROWTH 

Ove rall liv ewe i ght gains of the an imals during the tri al 

were very satisfac tory.  The peri od of'  s lower  growth reco rded 

during the first week of' the tri al , was as expected,  whi le the 

animals sett le d  int o  thei r  new con di tions . This  was a ls o  the 

f irst week after weaning . The a b s ence of any s ignificant 
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t re atment effe c t  on l ivewe i ght gains would empha s i ze that whey 

powder was a successfU l  rep lacement for barley me al under the 

c on di t ions of the p resent experi ment , so far as growth perf ormance 

was c onc erned .  

The highly s i gn if ic ant block differenc e s  found in the relative 

grow th rate data were attributed by the mul t irange tes t to b lock 

5 .  This could pos s ib ly be exp la ine d in t e rms of the l i t te r  in 

t hat b lock hav ing a s l i ght ly sup eri or inhe rent re la t i ve growth 

rate , compare d with t he othe r  l i t te rs under tes t .  

A t  t l� end o f  the t r ia l  ( 8  weeks o f  age ) the average liv ewe ight 

of animals on the ma in t rea tment comp ari sons , I to IV was 44 . 0 ,  

4 7 . 5 ,  46 . 5 and 45 . 2  lbs re spec t i ve ly .  Among the ind i v i dua l we i ghts 

rec orded s everal an imals we ighed betwe en 55 and 65 lbs at the 8 

weelc s ta ge , having reached th i s  from a 3 weelc we i [!.,h t in t he v i c ini ty 

of 1 0-1 2 lbs . 1'hes e  w e i'e s one of the highe s t liv ewe ight s recorde d  

a t  the Massey Piggery f or p i gs of this age . 

VI . FEED CONV2RSION EFFICIENCY 

I t  is of intere s t  to no te t hat the feed c onvers i on eff ic iency 

inc r e ased as the amount of whe y  powder in t he ra ti on inc reas e d ,  

( a lthough n o t  s tatis t ic a l ly s i gnificant on a treatment bas i s ) . 

Thi s  was due t o  a s l i ght dec re as e in the amoun t of feed e a ten as 

the whey powde r  content of the feed inc reas e d  and not becaus e of 

an inc rease in livewe i gh t  gain as the whey p owder content increased.  

Men t i on has been made of the feeding hab i ts and incre as ed water 

c onsumpti on of animals on the higher leve ls of whey powder sugges t-

ing tha t  the s e  mixtures were le s s  palatab le . The increas e d  F C E ' s  
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might have been due to a res tr icti on in int ake of the high whey 

powder c ontaining rat ions , impos ed  by their less pala table 

nature . 

On the o the r hand, rather than a restric ti on imposed simply 

by palatability or tas te , the dehydrating effe c t  of whey powder 

which was pres umably c ount eracted ( or partly s o ) by frequent 

\Vater drinking could have had some physi ologic al effect  on the 

mechanism of appetite . 

In the tri al of Becker e t  al ( 1 954 ) ,  in which lac to se  was 

fed t o  baby pigs at a level of 56 . 6% of the di et , a superior 

effi c i ency of gain was rep or ted , compared wi th die ts in which 

gluc ose o r  starch was the carb ohydra te source . The subs equent  

trial , however ,  ( Becker et  a l ,  1 957 ) in which dried whey powder 

was fed t o  young pigs up to a level of 60% of the die t ,  pro duced  

no  s ignificant improvements in  F C E .  Danie ls on e t  a l  ( 1 960 ) 

rep orted  a decrease in feed effic iency when dried whey leve ls 

were inc reased above a level of 1 0% of the rati on .  In thi s  

trial , reported in Chapter I I , whey powder was being us ed  a s  a 

replac eme nt for protein as we ll as carbohydrate c onc entrates , at  

diffe rent levels . 

The s e  results would s ti ll further emphas iz e  the fac t that 

the overall value of whey powder in young pig rati ons wi ll depend 

large ly on the nutrients i t  r eplaces ( i . e .  where compari s ons are 

being made ) and the remaining ingredients in t he ration .  

C ompari son of the mean F C E on a block b as is brings out two 

intere s t ing facts : 

( a ) The fact that b lock 5 ,  had the best F C  E value of all the b locks , 
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a l though this was s igni fican t ly supe ri or only t o  blocks 1 ,  2 ,  and 

3 .  Animals in b lock 5 also s howed a s igni ficantly hi ghe r relativ e  

grow th r a t e . I t  might be argue d that a s uperi or F C E and re lativ e  

grow th r at e  w a s  an inherent charac ter is t ic of this l i t t e r .  

( b ) The f ac t  tha t blocks 4 ,  5 and 6 had supe ri or F C  E ' s t o  b locks 

1 ,  2 and 3 ( although only measured from the 3 5 th-57 th day ) would 

lend we i gh t  to the remarks made earlie r on the reas ons for s c ouring 

in the la t t e r  b locks . I t  would appear that animals on blocks 1 ,  

2 and 3 not only overa te during the fir s t  week but continue d doing 

s o  throught the trial wi th c orre sponding ly poorer food c onvers ion 

ef'fic i enc ie s . 

VII .  APPARENT COEFFIC IENTS OF DIGESTIBILITY 

In the tri a l  of Lloyd and C rampt on ( 1 9 58 ) e s t imate s  of the 

apparent dige s t ibi l i ty c oeff ic i ents , threw s ome l i ght on the reas ons 

for the fai lure of the ir whey powder rat i ons to support s a t i s ­

fact ory growth . Thi s poor growth was due primari ly to the fai lure 

of the whey powde r and me at me al to ade qua te ly replace the protein 

of skim mi lk powder .  The p re s en t  tri al diffe red becaus e the 

whey powder was primari ly a s ub s ti tute f or barley meal , or a car­

b ohydrate c oncentra te .  Wi th n o  s ignifi cant treatment effe c ts on 

growth howeve r ,  the diges t ibi li ty percentages c an b e  discussed 

only from the point of view of the b i ochemis t ry of d iges ti on of 

the rati ons , or in terms of the s l i ght improvement s observed in 

feed c onv e rs ion eff ic iency . 

Lowes t me an diges t ibili t ie s  were obs erved at the end of the 
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firs t week of the t ri a l .  This indic ates tha t the s e ttling in 

pe r i od during the firs t week , and in whi ch s l ower grow th rates 

were recorde d ,  is acc ompanie d by l ower diges t ib i l i t i e s  of the 

feed fract i ons . In addit ion as thi s  was t he firs t week after 

we an ing , s l ower growth rates and l ower digest ive e ffic ienc i e s  

a r e  t o  b e  expe c ted. S c our ing was ass ociated w i th s i gnifican t ly 

l ov:e r  dige s t ib i li t ie s  o:f the fee ds . 

Men ti on was made in the previ ous secti on to the s li gh t ly 

be t t e P  F C  E ' s of an imals in b locks 4 ,  5 and 6 ( pens 1 3-24 ) from 

the 3 5 th-57th day , than animals in b locks 1 ,  2 and 3 .  The re 

app eare d  to be no s imi lar imp rovement in diges tibi l i t i e s  in 

b l ocks 4 ,  5 and 6 ;  the only s i gni fic ant b lock differenc e was 

found f or t he dige s tibi li ty of the crude pr o te in in c ol lec t i on 

period 3 .  

The gene ral s i gnifi cant inc rease in the apparent diges t­

ibi l i ty of the dry ma t t e r ,  c rude prote in , e the r  extrac t and 

n i trogen free e xtract frac ti ons , as  the amount of whey powder 

in the rat i on increas ed c ould exp lain the improvement in F C E 

a l s o  observed a s  the whey powder level increased.  I t  i s  s ugge s ted 

tha t the fee d c onvers ion eff i c ienc y is as s oc i a ted with the dige s t­

ibi l ity of the feed frac t i ons . 

C atron ( 1 95 7 ) found that in tes tinal lac tase ac tivi ty dec re ased 

rapi dly after t he 2nd or 3rd week of age ( see Fig . 4 ) . The 

res ul ts of the p re s en t  tr ial would indic ate that in sp i t e  of this 

pos s ib le de cre ase in lac tase ac t ivi ty, the carb ohydra te frac t i on 

of the high whey powder diets was s ti l l  highly diges t ib le at 8 

weeks of age . 
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I t  was int e re s t ing t o  note that t he apparent diges t ib i l i ty 

c oe f'f'i c i ent of' the ether extrac t remaine d  c ons is tent ly and s i g­

nifican tly highe r in a ll the whey powde r  tre atments and p ar t i c­

ularly in tre atmen t IV,  th roughout the 3 5-56 day period . Thi s  

was t he s &.me w i th the ni trogen-free ext rac t fract ion exc ept a t  

the third colle c ti on pe r i o d .  

L loyd and C ramp t on ( 1 958 ) found with the par t icular rati ons 

us e d  in th eir tri a l , tha t the ave rage apparent diges tibi l i ty of' 

the dry ma t t e r ,  c rude pr otein and ni trogen free ex trac t por ti ons , 

were s ignifican t ly hi gher for 7- th an f or 3-week old p igs . Whi le 

the app arent dige s t ib ili ty c oeffic ients found in the p re s ent tri al 

are of a s i.mi lar orde r  to thos e dete rmined by Lloyd and Cramp t on ,  

in contra s t  t o  the i r  re s ult s , the apparent di ges t ib i l i t y  c oeffic ients 

of dry mat te r ,  c rude prot e i n  and ash on tre atments I and II in­

c pe as e d  from 4 weeks of age up to the 6 th week and then dec r'e ased 

over the las t 2 weeks of t he tri al .  On trea tments I I I  and IV 

a simi l ar tr•end was obs e rved for the e ther ex trac t and n i trogen ­

free extrac t por ti ons , a s  we ll as the o ther frac t i ons . 

Wi thout fur t he r  data be ing ava i lab le i t  would be difficult 

to attribute the s e  small dec reases in diges t ibi l i ty to decreases 

as far as carbohydrate diges t i on was c onc erne d ,  in lac tase 

ac t iv i ty .  Tre a tment I ,  whi ch contained no whey powder and 

therefore li t t le lac tose , exc ept in t he buttermi lk powder , a ls o  

exhibi t ed a s imi l ar de c rease in the diges tibi li ty o f  i t s  fee d  

frac t i ons inc luding c arbohydrate . I t  i s  pos s ib le t hat in all 

t reatment s  any enzymological effec ts which might have app eare d 

t owards the and of the tri al peri od , we re c onfused wi th a general 
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l owering in d ige s t ib i li ties in t he final 2 weeks of the expe r iment , 

due to the inc reas ing amount of feed b e ing ea ten. I t  is like ly 

tha t t his resulted in decreas ed feed c onv e rs ion e ff i c i en cy , at 

le as t as far as diges t ibility was conc erned .  

VI I I .  GROS S DIGEST IBLE m1.ERGY 

The mean G. D . E . % was hi gher in the rat i ons c on taining whey 

p ow der , a l t hough this was not s ta t is t i c a lly s i gni fican t . As a 

s imi lar trend was obs e rved in the dige s t ib i l i t ies of four of the 

fee d frac t ions , i t  would appear as though the G . D . E .  % follows 

the pattern of the s e  diges t ib i l i ty coeffic i ents . 

The s i gnificant ly higher G . D . E .  % in t he 6 th,  7 th and 8 th 

wee ks c ompare d  wi th t he 4th week was s imi l ar to that obs e rved by 

L loyd and C rampton ( 1 9 58 ) .  In t heir t r ia l  the gross di ges t ible 

ene rgy pe rcentage was s ignific ant ly highe r a t  the 7- than a t  the 

3-week stage . 

The G . D . E .  % of the ir whey powder rati ons were l ower howeve r ,  

t h an  the G . D . E .  % of the o the r rati ons , presumab ly f or t he s ame 

reas ons out line d  in o th er s ec t i ons of this Chap te r .  

IX . GEN l!:RAL 

1 .  Nutrit i on Aspe c ts 

The go od he al th and growth rates main taine d by all animals 

thr oughout the t r ial indicate that t he d i e t s  were nutri ti onally 

balanced. No signs of defic iency were obs e rved. The improved 

apparent diges t ibili t i es on the rati ons c ontaining whey powder 

support the c onc lus i on tha t whey powder c an replace barley mea l  
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i n  e arly weaning me a l  die ts at the l evels use d  i n  this  trial .  

It  is difficult to  c ompare levels  of  nutrient frac ti ons 

with the results obtained by o the r workers becaus e of the 

different nature of the die ts us ed.  As far as the fat per­

c entage of the trial die ts are conce rned ( 5-6%) , they would b e  

s li ghtly lower than the leve ls us ed  b y  Speer e t  al  ( 1 954 ) - 7%; 

and Crampton and Ness ( 1 954 ) - 8%. Wi th prot ein the 21 -23% 

levels us ed in the pres ent trial would agree fairly c los e ly with 

the lev e ls successfully us e d  in othe r  trials where mi lk produc ts 

have c ons tituted the bas ic s ource of protein , e . g . McRe a and 

Tribe ( 1 956 ) ;  Reber ( 1 953 ) ;  Becker et al  ( 1 954 ) and o thers 

c i ted  in Chapter II . 

The results of Lloyd and Crarnpton ' s  ( 1 95 8 )  tri al in part­

i cular would emphasize  the importance of the o ther ingredi ent s 

in the rati ons as far as the value of including whey powder is 

conc erned.  In the ir cas e  and in that of Danielson e t  al ( 1 960 ) ,  

the avai lab le pro te in in the feed mixtures containing whey powder ,  

was the limi ting fac tor in the ove ra ll performanc e of thes e  

rat ions . 1mile whey powder is a good c arb ohydrate replacement 

i t  would appear to fai l  as a c omp le te protein replacement .  

2 .  Managemental Factors 

The hygroscopi c nature of the whey powder use d  in the pres ent 

tria l ,  made it extreme ly difficult t o  handle . Treatments I I I  and 

IV in p articular were inclined to  "cake " to the extent that s elf­

feeders became b loc ke d  unles s precaut ions were taken . Furthermore 

s t ocks of fee d  mix tures had to be kept in air-tight cont ainers . 
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Unde r c omme rc i al �eeding c ond i tion s ,  whe re a t t en t i on t o  the 

anima ls mi ght no t be as rigorous as unde r expe rime nt a l  cond i t i ons , 

the hygrosc opic nature of whey pov1de r would be a s e ri ous dis ­

advant age . 

Spellac y ( 1 953 ) dis cuss ing the manufac t ure and use o� whey 

produc ts re�e rred t o  the des ir ab i l i ty o� pr oducing whey powde r 

o� a non-hygroscopic na ture . He lis te d  several me thods wh i ch 

c ould be us e d  to "s tab i l i se " dr ie d whey powde r . The s e  included 

the addi ti on of moi s ture to the produc t during the de-hydra ting 

proces s or after dehydrat i on had be en c omple ted. 

Lat imer ( pe rs . c omm .  1 96 1 ) informe d the author tha t the 

Da i ry Re s e arch Ins t i tute (N . Z . ) was in ves t igat ing me thods for 

re duc ing the hygr•osc op ic nat ure of whey powde r .  

3 . Economic C ons iderati ons 

The results o� t he p resent tri al indic ate that whey powde r 

c an success �ully replace barley meal in early weaning mix ture s 

� o r  young pigs - although the maz imum level at whi ch succ ess�ul 

sub s t i tution can be achieved was not de termine d. 

The N . Z . Co-operative Dai ry Company Ltd . (pers . c omm. 1 961 ) 

c laime d tha t ,  in the current s eason , lac t ic casein whey powder 

w ould have t o  se ll at be tween £3 5 and £40 pe r ton i� the d ir ec t  

c os ts of produc t i on were to be re-coupe d. On thi s bas i s  whey 

p owder c ompe tes with barley me al , which is se l l ing at approx ima te ly 

£32-35 per t on at present . From an economic point o� v i ew there­

fore the dec is i on on wh i ch o� the two produc ts to u se wi ll depend 

on the pri c e s  ruling at that t i me . The handling and packaging 

o� a hygros c opic ma t e ri al would als o tend to put t he c os t  o� 
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X.  FU'l'URE RESEARCH FIELDS 

1 26 .  

The results of the p resent trial  show that the use o f  whey 

powder in rati ons for young pigs could be a potent ial souPc e of' 

di spos a l  of s ome of the enoPmous surplus of liquid whey in New 

Zealand. It  is  cons idePed that th e fo llowing fie lds of res earch 

would add imr:1ense ly to any fina.l  conc lus ion on the value of whey 

powdeP fee ing in young pigs . 

1 .  Levels of whey powder 

( a ) As a subs t i tut e for barley meal . 

A tri al is  needed to de termine the ma ximum successful 

subs t i tution rate of vrhey powder for barley me al in an eaPly 

v1eaning mixtUPe . For example , could all the barley meal at  

the leve ls us ed in the present tr ial be rep laced by whey powder? 

(b ) As a suo s t i  tut e for other ingredients . 

C le arly tri a ls are needed to de termine not only the maximum 

amount of whey powdeP which can be fed in the die ts of young pigs 

without dele teri ous effects  t o  effic ient growth and good he alth ; 

but also t o  determine whi ch ingredients or nut ri tive fractions c an 

successfully be replaced .  

Further tri a ls , s imilar to thos e conduc ted by Lloyd and 

Crampton ( 1 95 8 )  and Danielson e t  a l  ( 1 960 )� ror example , where 

whey powder was used both as a carbohydrate and protein replacement ,  

are needed. 
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In terms of the pres ent t ri a l ,  t o  what extent c ould the 

b ut te1�i lk leve ls in the rati ons used,  be replaced by whey powder? 

2 .  More de tailed studies on the phys iology of diges ti on of whey 

powder in the young pi g. 

3 . Researc h into the more economic produc ti on of whey powder or 

whey produc t s  of a non-hygrosc op i c  form, as a s ourc e  of animal or 

human fee ds . 

4 .  Apart from the point of vie w  of the us e  o f  whey powder a s  a 

means of di sposal of liqui d whey surplus , the pre s ent trial 

indic ate s how useful diges t ibi l i ty data could be in a nut ri t i on 

tri al .  Bec a us e  n o  signific ant treatment e ffec ts on growth were 

f ound ,  the di ges tibi lity results were of no part icular us e  as 

far as growth was c onc e rned .  'l'hey did however, give a c learer 

pic ture of the reaction of the diges tive sys tem to the diffe rent 

rat i ons . I t  was also s uggested that they were usefu l  in explain-

ing the differences obse rved in F . C . E . 

It  is po ss ible tha t in future tri als diges tib ili ty data might 

usefully exp lain vari ations in growth between trea tm ents as well 

as c ontribute to know le dge on the biochemis try of diges ti on .  For 

this reason i t  is s ugges ted  that a large field of res earch exists 

in developing technique s of measuring digestibi lity in the pig . 

For examp le ,  a more detai le d  s tudy of the us e  of the cr2o3 

reference me thod would be  us eful , to determine more accurately the 

uniformity of dis tr ibution of the marker in the feed ;  t o  inv e s t­

i gate  methods of incorporating the marker in the feed or in the 
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animal ; to develop s at is �ac t ory chemic al analytical techn i ques 

and to as s e s s  the accuracy OL the me thod. 



CHAPTER VI 

SUMMARY 



SUMMARY 

1 .  An expe rimen t i s  des c ribe d  in which a s tudy was made of 

the e ffec t  of different le vels of s ubs t i tut i on of lac t i c  cas e in 

whey powder for b arley me a l ,  in ear ly we aning me al mix tures for 

young p igs . 

2 .  Fo rty-e i gh t  Large Whi t e  x Berksh i re pigs , we aned a t  3 weeks 

of a ge , were a l l o t ted in pa irs to a randomi sed block layout in 

the experimen t al f a t t ening hous e of the Ma s s ey Colle ge Pigge ry .  

3 .  During the f irs t 1 4  days of t he tri al all anima ls were fed 

on a c ommon starter rat ion .  Thi s was fo l lowed by f our main 

t re a tment comp ar i s ons in wh ich whe y  p owder constitut ed o ,  1 5 , 30 

and 45% of a dry me a l  die t respec t i ve ly.  The se r a t i ons were 

fed unti l the animals had re ache d  8 we eks of age . 

4 .  The re were n o  s ignifi cant treatment effe c ts on growth. 

Grow th in a ll an imals was s a t isfac t ory and at 8 weeks of age 

the me an l ivewe i ghts for treatment s I to IV we re 44. 0 ,  47 . 5 ,  

46 . 4  and 45 . 2  lbs res pe c t ively . A p eri od of s l ow grow th was 

recorded during the firs t week of the t ri al as animals "s e t t led 

in " to their new c ondi t ions .  This was acc ompanie d by scour ing 

in s ome an imals , b e l i eved to be due to a nut r i ti onal ups e t ,  over 

the f irs t few days . No subs e quent s c ouring occurre d .  

5 .  The feed conv e rs i on e ff i c i ency was s li ghtly improv e d  as the 

amount of whey powder in the rati on increas e d ,  v i z . 1 . 71 , 1 . 6 8 ,  
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1 . 63 and 1 . 56 lbs of me a l  e aten per pound liveweight gain for 

tre atments I ,  II , II I ,  I V  res pe c t ively .  Thi s  repre sented an 

improvement of 9% from t reatment I t o  IV whic h  was not a s tat­

i s t ically si gnificant treatment effect , but was a s i gnificant 

linea r  trend. 

6 .  In order to  s tudy more clos ely the phys i ology of diges t ion 

of t he experimental die t s , the apparent diges t ibility coeffic ients 

of the dry ma t ter , c rude pro tein , e ther extrac t ,  ni tr ogen-free 

extrac t and ash fract ions were rre asure d ,  us ing the chromium oxi de -

referenc e marker me thod . The me thod of Stevenson and de Langen 

( 1 960 ) was found to be the mos t s uitab le for measuring the c on-

c entrat ion of cr2o3 in f eed  and faecal s ample s .  The Henneberg 

me thod was used wi th moderate success to esti ma te the five nutrient 

fr·act i ons . Date. is p re s ented on the use of these me thods in 

diges tibi li ty dete r�inat i ons . 

7 .  The apparent diges tibili ty coeffic ient s were measured at 4 ,  

6 ,  7 and 8 weeks of age . The c oe ffic ients of  al l five fra c t i ons 

were signific ant ly lower in thos e animals which suffe red from 

sc ouring in the firs t week of the tri al , than in those wh ich did 

not . Signi ficant treatnent diffe rences were found w i th the 

diges tibi lity of the dry matter, e ther extrac t ,  crude protein and 

ni trogen-free extract porti ons . Diges tibi l i ty of the se  frac t i ons 

inc reased in mos t  c as e s  as the amount of whey powder in the ration 

increased.  The reverse was true f or the ash frac ti on .  The s e  

effe c ts were mos t no tic e ab le up to the 6 th week , but became les s  

pronounced in the 7th and 8th weeks with the excep tion of the 
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n i t rogen free extra c t .  

8 .  The app arent diges t ibility c oe ffic ients of all f ive frac tions 

inc re ased up to the 6 th week but decreased in the 7th and 8 th we e� 

The s e  differences were however ,  of a fai rly low order and n o  s t at­

i s t ic a l  test was applied.  

9 . Gros s digest ible ene rgy de te rminati ons on a limited numb er 

of s ample s showed that the G . D . E . % followe d a s imi lar pa ttern 

t o  t he dige s t ib i li ti e s  of the dry matte r ,  e ther ex trac t ,  crude 

pro tein and N.F.E . frac tions b o th on a treatment and tin1e bas is . 

The treatrrent effe c t s  we re not s ta t is tic ally signifi cant but the 

inc rease in G. D . E % from the 4th t o  the 7th we ek was s ta tis t i cally 

s i gni fic an t . All four main feed rati on s  we re found to have a 

gros s diges t ible ene rgy va lue of the s ame OI'del� ,  v i z .  approxima te ly 

4 ,  250 cals / gm. 

1 0 .  There was a statis tica lly s ign i ficant inc rease in dai ly water 

c onsump ti on as the amount of whey powder in the ra ti on inc1�eased.  

Vihe reas the ave rage consumption :per pair of pigle ts was the order 

of 1 -2 gallons per day on tre atment I ,  c onsumpt ion on t reatmen t  

I V  was approximate ly 4 gallon s  per p air of pigs per day . There 

was al s o  a s ign ific an t  inc rease in water consumption w i th age . 

Obse rva tions on f eeding habits of an imals on the four main 

tre a  trren ts are also pre s ented .  

1 1 . The hygroscopic n ature of the whey powder us ed would be a 

s e rious dis advantage from a commerc i al management point of v iew. 

"Caking " of the high whey powder fee ds was a c ons tant problem. 
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1 2 . The result s indicate that lac tic c asein whey powder c an 

s uccessfully rep l ac e  barley meal a t  leas t up to a le ve l of 45% 

of' the diet , in an e arly weaning mix ture for young pigs . The 

us e of' whey powde r  in this way c ould be a po tential  means of' 

di sposa l  of some of' New Ze alend ' s  liqui d whey s urp lus , p artic­

ularly if present c os ts of' produc ti on o f' the produc t could be 

reduced ,  and i ts poor phys ical propert i es improved.  
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Pen Pig 
No. No . 

1 49/59B 
4 9/6 G 2 49/8 G 
49/78B 

3 49/69B 

4 
49/7 G 
49/5 8B 
4 9/5 G 

5 50/57B 
5 0/56B 

6 50/68B 
50/5 G 

7 50/58B 
50/6 G 

8 50/8 G 
50/7 G 

9 51 /9 G 
51 /79B 

1 0 51 /68B 
57/5 G 

1 1 51 /5 9B 
1 2 51 /7 G 

51 /6 G 
51 /7 8B 

C orrnnon S t arter 

3 Wks 
dt . 

1 1 . 5 1 0 . 0  
1 2. 0  1 2 . 5  
1 2 . 0  1 2  . o  
1 2 . 0  1 2 . 0  
1 6 . 0  1 6 . 0  
1 3 . 0 1 2 . 5 

9 . 5 9 - 5 
1 2 . 0  1 3 . 0 

1 6 . 0  1 6 . 5 
1 4. 5  1 5 . 0  
1 3 . 5  1 5 . 5 
1 4. 0 1 5 . 5 
1 4. 0  1 6 . 0 
1 4. 0 1 4. 5  
1 0 . 0  1 1 . 0 
1 2 . 5  1 4. 5 

1 2. 0  1 3 . 5  
1 4. 0  1 5 . 5 
1 2 . 5  1 4. 0 
1 1  • 5 1 3 . 0  
1 1  • 5 1 2 . 0  
1 1  • 0 1 3 . 0  
1 o .  5 1 1 . 5 
1 1  • 5 1 4 . 0  

B Boar 

G Gilt 

4 wks 
\i't . 

1 0 . 0  
1 4. 0 
1 3 . 5  
1 3 . 0  
1 8 . 0 
1 3 . 0 
1 0 . 0  
1 5 . 5  

1 8 . 5 
1 7  . o  
1 7 . 5  
1 6 . 5 
1 8 . 0  
1 7 . 5  
1 1  • 0 
1 5 . 5 

1 4. 5  
1 6 . 5 
1 5 . 5 
1 4. 0 
1 4. 5  
1 3 . 5  
1 3 . 0  
1 6 . 0  

1 1  • 0 
1 7  . o  
1 6 . 5 
1 5 . 0 
23 . 0 
1 6 . 5 
1 2 . 5 
1 9 . 0 

--

21 . 5 
1 9 . 5 
21 . 0  
20 . 0  
2 1 . 0 
2 1 . 5 
1 3 . 5 
1 9 . 0 

1 9 . 0 
20 . 5  
1 9 . 5 
1 7 . 5 
1 7 . 5  
1 6 . 5  
1 5 . 0  
1 9 . 5  

APP��DIX 1 

Livev1 e i gh t  Re c ord ( lbs ) 

Tt . 5 vl!k:s 6 wks 
-� It . ". Jt . 

I I  1 3 . 5 1 7 . 5  20 . 5 25 . 0 
21  . o  25 . 5 29 . 0 3 5 . 0 

III  20 . 0 2L� . 5 27 . 5 3 2 . 5  
1 8 . 5 21 . 5  25 . 5 30 . 0 

IV 2 6 . 5 31 . 0 3 6 . 5 41 . 5 
20 . 0 23 . 5 2 9 . 0 33 - 5 

I 1 L� . 5 1 8 . 0  21 . 0  2 5 . 0 
21 . 5 27 . o  31 . 0 36 . 0  

I I  24. 5 3 1 . 0  3 2 . 5 38 . 5 
22 . 5 27 . 2 29 . o  3 6 . 5 

IV 23 . 5 30 . 0 33 . 0 38 . 5 
22 . 0 2 7 . 5 3 1 . 0  37 . 0 

I I I  2L� . 5 27 . 5 2 8 . 5 33 . 0  
23 . 5 30 . 5 34 . 0  40 . 0  

I 1 5 . 5  1 8 . 5 20 . 5 23 . 0  
20 . 5 25 . 5 2 8 . 0 3 2 . 5 

I I I  20 . 5 24. 5 2 8. 5 34. 5 
24 . 5 28 . 5 33 - 5 3 9 . 0 

IV 2 1 . 5 26 . 0 29 . 5 34. 5 
21 . o  2 5 . 0 2 8 . 5 33 - 5  

I 20 . 0  23 . 0  27 . o  33 . 0  
1 8 . 5  21 . 5  24 . 5 30 . 0 

I I  1 9 . 0  21 . 5 24. 5 30 . 0  
2 2 . 0 26 . 5 30 . 6 36 . 0 

7 vlks 8 vviill 57th 58th 
, , t . )/t .  Day Day 

29 . o  34 . 0 39 . 0  39 . 5  3 8 . 0  
37 . 5 44. 0 50 . 0  51 . 5 47 - 5  
39 . 5 41 . 5 46 . 5 49 . 0  45 - 5 
3D.- · 0 3 9 . 0  44 . 5 46 . 5 43 . 0  
47 . 0 50 . 0 5 7 - 5 63 . 0 57. 0 
3 9 . 0 41 . 5 48 . 0 51 . o  47 . 5  
3 0 . 0 34. 5  38 . 5 39 . 0  38 . 5  
41 . 5 47 . 5  51 . 5  51 . 5 51 . o  

41 . 5  47 . 0  51 . 5 53 . 0 50 . 0 
39 . 5 46 . 0  52 . 0 53 . 0  49 . 5  
40 . 0 47 . 5 54 . 5 5 5 . 5 54. 5 
39 . 0 45 . 5 50 . 5 52 . 0 50 . 5  
36 . 0  41 . 5 47 . 5 49 . 5  46 . 5  
41 . 5  49 . 0  55 . 5 57 . 0  53 · 5 
26 . 0  30 . 5  3 5 . 0 3 5 . 5 34 . 5  
3 7 . 0 42 . 5 48 . 5 50 . o  48 . 0  

-

38 . 0 43 . 0  47 . 5 49 . 0  47 . 0  
42 . 5  49 . 0 53 . 5  56 . 0  53 . 5  
3 7 . 5 44. 5 47 . 0 48 . 0  47 . 0  
3 6 . 5 42 . 0  45 . 5 46 . 5  45 . 0  
36 . 0  42 . 0  46 . 0  48 . 0  46 . 5  
33 . 5  3 9 . 0  43 . 0 45 . 0 43 . 0  
34. 5  40 . 5  LJ4 . 5  45 . 5 44 - 5 
40 . 5 47 . 0 51 . o  52 . 5 50 . 0  

(C ont d. ) 



A�PBNDIX 1 .J..Q_ont d . ) 

-· --
Pen Pig 3 vilks 4 v.am Tt. 5 1'/.k.s 6 '\fks 7 ;iiks 8 1ftks 57 th 58 th 
No . No . Wt . \it . _:_it . - \lt . Ht . �/t . Da.v Day f.-- -- ----
1 3 53/58B 1 3 . 5  1 5 . 0 1 8 . 0 2 1 . 5 I I  2 5 . 5 29 . 5 33 . 5  3 9 . 0 46 . 5 53 . 0  57 . 5  6 1 . 5  5 7 . 5 

53/8 G 1 3 . 0 1 5 . 0 '1 7 . 0 20 . 0  2 2 . 5 27 . 5 30 . 5  36 . 0  40 . 5  45 . 5 50 . 0  53 . 5 so . o  
1 4 53/57 G 1 1 . 5 1 3 . 5 1 5 . 5 1 u .  5 I I I  20 . 5  2 2 . 5 26 . 0  30 . 0  34 . 5 3 9 . 5 43 . 5 46 . 5 43 . 0 

53/56G 1 1 . 0 1 2  . o  1 4 . 5  1 7 . 5  1 5' . 0 2 2 . 5  25 . 5 30 . 0  34 . 5  3 9 . 5  43 . 0 46 . 5  43 . 0  
1 5 53/7 G 9 . 0 1 0 . 5 1 2 . 5  1 4 . 0  IV 1 5 . 5 1 8 . 0  22 . 0  2 7 . 5  30 . 0  3 5 . 0 38 . 0 40 . 0  37 . 0 

53/6 8B 8 . 5  9 · 5 1 0 . 5 1 3 . 0  1 4 . 5 1 7 . 5  20 . 5  2 5 . 0  2 9 . 5 33 . 0  38 . 0  4.1 .  5 3 8 . 5 
1 6 53/67B 9 . 0  1 0 . 0  1 2 . 5  1 2 . 5 I 1 6 . 0  1 9 . 0  2 2 . 0  2 7 . 5 31 . 5  37 - 5 43 . 0  44. 0  41 . 0 

53/6 G 1 0 . 0 1 0 . 5 1 2 . 5  1 3 . 5  1 7 . 5  2 0 . 0  2Lj . •  0 28 . 5  3 2 . 5  3 7 - 5 42 . 0  43 . 5  41 . 0  
-'-- --

1 7 56/78B 1 2 . 0 1 2 . 0 1 3 . 5  1 5 . 5 I 1 7 . 0  20 . 0 24 . 0 29 . 0  33 . 0 40 . 0 44. 5 L�6 . 0 44 . 0 
5 6/6 7B 1 1 . 5 1 1  • 0 1 2 . 5 1 5 . 0 1 7 . 0 20 . 0  2L� . 0 29 . 0 34 . 5  40 . 5  44 . 0  45 . 0 43 . 0 

1 8 56/58 G 9 . 5 9 . 5  1 0 . 5  1 2 . 5 I I I  1 L� . 0 1 6 . 5  21  . o  2 5 . 0  2 o . 5 33 . 0  3 7 . o  3 8 . 0 37 . 5  
5 6/56 G 9 . 5 1 o .  0 1 1  • 0 1 L � .  0 1 5 . 0 1 9 . 5 23 . 5  2 7 . 5 3 1 . 5  3 7 . 0  41 . 5  42 . 5  41 . 0  

1 9  56/79B 1 0 . 5 1 o .  5 1 2 . 5  1 5 . 0  IV 1 6 . 5  21 . o  24. 5 29 . 5 34. 0 3 9 . 5 L!5 . 5 46 . 5  45 . 5  
56/7 G 1 0 . 5  1 0 . 0  1 1  • 5 1 3 . 5 1 5 . 0 1 9 . 0 21 . 5  26 . 0  30 . 0  34 . 0 37 . 5 3 9 . 0  3 9 . 0  

20 5 6/9 G 1 '1 • 0 1 1 . 0  1 2 . 5 1 6 . 9 I I  1 8 . 0 2 2 . 0 26 . 5 3 1 . 5  34. 5 40 . 0 44 . 5 46 . 0  45 . 0  
56/6 G 1 0 . 5  1 1 . 0 1 2 . 0  1 L� . 5 1 6 . 0 1 9 . 5  23 . 0 2 7 . 5 30 . 5 3 5 - 5 3 9 . 5 40 . 5 3 9 - 5 - --

2 1  57/58B 1 0 . 0  1 0 . 0  1 1 . 5 1 4 . 0  IV 1 6 . 5 20 . 0  23 . 5 2 7 . 5  30 . 5 33 - 5  3 8 . 5 41 . 5  3 9. 0 
57/8 G 1 o.  5 1 1 • 5 1 3 . 0 1 5 . 5  1 8 . 5  2 2 . 5 25 . 0  2 9 . 5  3 2 . 5  3 8 . 0 42 . 0  4LJ-o 5 42 . 0 

2 2  57/56B 1 3 . 0 1 2 . 5  1 3 . 5 1 7 . 0  I I I  2 1 . 0  2 6 . 0  29 . 5 3 5 . 0 3 8 . 5 44. 0  49 . 0 5 2 . 0  49 . 0  
57/78B 1 4 . 0 1 4 . 0  1 5 . 5 1 8 . 5  21 . 0  26 . 5 3 0 . 0  34. 0 3 8 . 5 43 - 5  4-7 . 5  50 . 5  48 . 5  

23 57/5 G 1 1 . 0 1 1  • 0 1 2 . 5  1 5 . 5  I 1 9 . 5  23 . 0 26 . 5  3 1 . 5  3 6 . 0 40 . 5  44. 0 47 . 0  45 . 5  
5 7/7 G 1 1 . 0 1 1  • 0 1 2 . 0 1 5 . 5  1 9 . 5  24 . 0 26 . 5  3 1 . 5  3 7 . 5 L�2 . 0 47 . 5 50 . 5 48 . 0  

24 57/68B 1 2 . 0 1 2 . 5 1 3 . 5  1 7  . o  I I  1 9 . 5 23 . 5 2 6 . 0 3 1 . 5  3 5 - 5 3 9 . 5 43 . 5  46 . 5 44. 5 
57/67B 1 3 . 5  1 4. 0  1 5 . 0  1 8 . 0 21 . 5  24 . 0 28 . 5  34. 5 3 8 . 5  43 . 0 47 . 0 49 - 5 47 . 5  

--



APPEHDIX 2 

Ana lys is of F'aecs. l  S ample s ( Duplicate Ave1•age ) for 
each C o lle c ti on Per iod 

N . B . Crude Protei n ,  �ther illctr&.c t , Ash and H . :t<, • .t;; . %, on an Oven Dry - cr2o
3 - Free Bas i s  

-

Dry I.Iatter ....; rude Prot ein Ethe r  b;:xtract 
.· . . . , 

-.· .,. 
t"',oUfcl.ia:n Ieriod 1 

... 
2 3 4 1 2 3 4 1 2 3 4 

- . . -- -
IPenNo. Tt .  

1 II 90 . 83 88 . 54 89 . 2 9 89 . 22 3 8 . 0 1 2 9 . 36 2 9 . 4-1 2 6 . 1 8 7 . L15 6 . 3 2 7 . 1 8  b . 73 
2 I I I  89 . 55 89 . 79 90 . 2 2 90 . 29 3 8 . 40 2 9 . 74 26 . 23 2 8 . 29 7 . 6 2 6 . 08 5 . 42 8 . 1 5  
3 IV 88 . 46 8 9 . 90 91  . 48 90 . 33 38 . 1 3 29 . 53 28 . 45 29 . 51 7 . 72 4 . 60 5 - 53 7 - 43 
4 I 87 . 55 8 9 . 76 90 . 40 90 . 09 40 . 3 8 28 . 55 2 6 . 48 26 . 33 7 . 01 9 . 1 7  7 . 41 1 0 . 1 9  

5 II 87 . 33 90 . 26 89 . 88 90 . 03 37 . 01  27 . 0 9  3 0 . 54 26 . 98 9 . 1 2 9 . 72 8 . 46 1 1 . 1 2 
6 IV 88 . 24 8 9 . 2 8 89 . 69 90 . 22 34- 3 2  3 1 . 72 3 2 . 76 3 1 . 34 8 . 49 7 - 7 5  6 . 5 5  b . 2 6 
7 III  87 . 55 89 . 6 6  91 . 03 90 . 09 35 - 3 9  29 . L1.6 29 . 1 9 3 1 . 20 9 - 5 9 8 . 86 6 . 57 8 . 5 8 
8 I 88 . 59 89 . 44 90 . 2 1 90 . 93 36 . 47 27 . 1 8  29 . 20 26 . 58 9 . 88 9 . 87 7 . 98 1 o .  95 

9 I I I  87 . 52 89 . 2 1 89 . 8 9  8 9 . 30 3 8 . 88 32 . 65 29 . 95 30 . 30 8 . 66 8 . 5 9 6 . 96 8 . 6 4  
1 0  IV 88 . 3 2 90 . 27 90 . 70 8 9 . 91 3 7 . 57 32 . 2 5 2 9. 91 29 . 48 1 •J • 6 6  7 - 43 6 . 60 8 . 3 2 
1 1  I 90 . 6 2  8 8 . 03 90 . 93 8 9 . 89 3 6 . 3 8  30 . 6 5 29 . 64 26 . 2 9 1 1  . 48 b . 07 7 - 97 1 0 . 40 
1 2  I I  87 . 1 8 8 9 . 24 90 . 04 90 . 1 3  3 6 . 69 3 0 . 2 1  28 - 32 20 . 1 5 8 . 00 8 . 47 7 . 1 1  9 .  93 

1 3  II  92 . 3 5  G9 . OL� 89 . ti 5 90 . 00 3'1 . 03 28 . 1 3 25 . 49 2 6 . 73 7 . 6 2  7 - 3 5 7 - 23 8 . 88 
1 4  III 91 . 99 8 9 . 3 5  90 . 71 90 . 25 34 . 03 30 . 57 27 . 83 26 . 93 8 . 1 1 6 . 80 6 . 2 7  8 . 23 
1 5  IV 92 . 04 89 . 82 90 . 3 7 90 . 33 3 'i . 97 3 1  . 1 0  27 . 48 2 7. 33 9 . 1 7 6 . 07 4 . 96 6 .  2 1  
1 6  I 91 . 8 5 68 . 98 91 . 53 ss: . 91 3 2 .  4L� 27 . 95 2Lj .. 90 25 . 6 1 6 . 40 7 . 1 3 8 . 84 1 0 . 60 �-----:-�- -· ---·-

1 7  I 91 . 03 91 . 48 91 . 1 6  3 9 . 66 34 . 28 26 . 03 24. 86 24 . 98 b . 2 1 8 . 45 7 - 44 8 . 68 
1 8  III  91 . 91 91  . 1 3  9'1 . 42 90 . 36 33 - 3 7 27 . 0 5  26 . 32 28 . 3 4  6 . 54 5 - 5 5  7 . 02 7 - 3 5 
1 9  IV 90 . 1 9 90 . 1 4  91 . 70 89 . 78 34 . 92 27 . Lj.9 27 . 2 0 2 9 . 52 9 - 3 9 5 . 84 6 . 42 7 . 1 2  
2 0  I I  92 . 20 90 . 33 91 . 1 2  90 . 4LJ. 2 9 . 55 24. 49 22 . 6 1 23 . 20 6 . 29 5 .  9L� 7 . 1 ·1  8 . 37 -
2 1  IV 90 . 61 90 . 74 90 . 61 90 . 73 3 5 . 2 9  3 1  - 3 5  2 9 . 51 3 0 . 51 9 . 2 6 5 . 60 6 . 45 6 . 62 
2 2  III 91 . 2 7 89 . 8 1 90 . 44 89 . 87 3LJ . •  57 2 9 . 0 7 28 . 98 3 2 . 51 6 . 50 6 . 3 7  6 . 73 7 . 3 8  
23 I 90 . 53 89 . 43 90 . 1 8 90 . 3 5 3Lt . 49 2 5 . 0 6 26 . 75 2 9 . 1 9 6 . 5 5 9 . 02 b . 1 2 8 . 47 
24 I I  9 1 . 28 8 9. 53 91 . 01 90 . 75 3 5 . 1 1  28 . 4b 27 - 3 7 25 . 84 7. 05 7 . 46 7 . 5 9 7 - 75 

- ---- _ __ _ ....._ _____ 

,;, 
On c omrnon st::u ... ter rnt ion 



)lp p_�mrx 2 (Contd. ) 

-..- -

Ash E . F . E . cr2o3 
"''·· !:� · -i'"'-"· ::: ... 

4 4 Co�ti.on Ier:iod 1 2 3 4 1 2 3 1 2 3 
- -1-·- --- · --1--· -

Fen No. T t .  
1 II  1 9 . 41 1 6 . 04 •! 6 .  87 1 6 . 35 35 . 1 3  48 . 28 46 . 54 46 . 74 4. 48 6 . 97 6 . L� 7 6 . 28 
2 II I 2 1  - 35 24 . 45 24 . 76 23 . 9 2 3 2 . 63 3 9 . 73 L�3 . 5 9  39 . 34 4 . 1 0  7 . 1 2  6 . 66 6 . 23 
3 IV 2 1 . 2 1 30 . 2 5 3 2 . 67 3 2 . 9 1  32 . 94 35 . 62  33 . 35 30 . 1 5 4 . 01 5 . 77 7 . 05 6 . 1 6  
4 I 20 . 3 8 1 2 . 78 1 5 . 0 6  1 4 . 1 9 3 2 . 23 L�9 .  50 51  . 0 5  Lj.9 . 29 4 . 3 8 6 . 55 6 . 97 6 . 26 

1- ·---
....... .. _. _ _  ----- --- ---- ·- -- ·----- · ·  

5 II  1 8 . 57 1 6 . 3 8 1 7 . 40 1 7 . 51 35 - 30 46 . 81 43 . 69 44- 3 9  4. 03 6 . 85 6 . 52 6 . 0 8  
6 IV 1 8 . 09 2 8 . 9 1  2 8 . 70 31 . 47 3 9 . 1 0  3 ·1 . 6 2  3 1 . 99 28 . 93 4 . 41 7 . 30 5 . 96 5 . 65 
7 III  2 1 . 3 7  1 8. 73 1 9 . 98 2 5 . 1 1  33 . 6 5 42 . 95 4L� . 26 3 5 . 1 1  3 .  81  6 . 95 6 . 1 0 6 . 03 
8 I 1 9 . 72 1 4 . 1 6 1 6 . 48 1 4 . d9 33 - 93 L�8 . 79 46 . 3LJ- 47 . 5 8 3 . 6 8  6 . 91 6 . 67 5 . 67 

-------- -··-- - ------ -

9 III  1 7 . 99 1 8 . 75 23 . 3 '1 23 . 43 34 - 45 40 . 0 1  3 9 .  To 37 . 63 4. 2 1  7 . 1 7  6 . 88 6 . 0 2  
1 0  IV 1 7 . 84 22 . 00 32 . 08 3 2 . 8 5  3 2 . 93 3 8 . 3 2 3 1  . 41 2 9 . 3 5 4 . 1 4  6 . 97 6 . 1 0  5 . 72 
1 1  I 1 8 . 1 2  1 3 . 40 1 3 . 52 1 L� . 00 34 . 02 47 . 8o 51 . 57 47 . 31 3 - 95 5 . 94 .5 . 52 6 . 03 
1 2  II  1 7 . 73 1 5 . 07 1 8 . o6 1 9 . 00 37 - 58 46 . 25 45 . 71 42 . 92 3 . 6 8 7 . 05 6 . 46 5 . 44 I - ·-- - -·---- -

1 3  I I  1 9 . 54 1 5 . 00 1 0 . 0 5  20 . 25 41 . 81 49 . 52 49 . 23 44 . 1 4  5 . 52 6 . 1 4  6 . 30 5 . 40 
1 4 I I I  2 2 . 08 2 0 . 95 2Lj . •  07 26 . 42 3 5 - 78 41 . 6 8  L� 1 • 83 3 o . 42 5 . 62 7 - 5 9 6 . 95 4 . 7 9  
1 5  IV 20 . 98 27 . 27 33 · 62 3 2 . 45 37 . 88 3 5 - 56 33 - 94 3 4 . 01  6.  OLj. 7 . 1 0  6 .  21  6 . 05 
1 6 I 2 1 . 84 1 _3 . 84 1 3 . 24 1 L� . 01 3 9. 24 51 . 0 8 53 . 02 49 . 7 8 5 - 43 6 . 03 6 . 63 5 .  71 

·-- --- 1-·-- /- -5�4-8 6:66 1 7  I 20 . 39 1 4 . 90 1 4. 1 2  1 L� .  9 5  37 . 1 2  50 . 62 53 - 58 51 . 3 9 5 . 1 b 5 . 1 7 
1 8  III  2 1 . 09 2 1 . 61 25 . 80 27 . 3 7  3 9 . 00 L�s . 7 9  40 . 86 3 6 . 94 5 - 33 7 .  81  7 - 57 6 . 3 6 
1 9  IV 2 1 . 86 30 . 06 3 1 . 85 _30 . 3 5  33 . 83 36 . 61 34. 53 33 . 01 5 . 0 2 7 . 94 6 . 48 6 . 00 
20 I I  22 . 77 1 7 . 49 20 . 9L� 2 2 . 27 41 . 3 9  52 . 0 8 49 - 34 46 . 1 6 5 . 7 8  7 . 42 6 .  73 6 . 6 8 

· - - · · -1------r·--· -

21  IV 2 1 . 71 28 . 6 1 3 1 . 0 7 31 . 6 8  33 - 74 34. 44 3 2 . 9 7 3 1 . 1 9  5 . 04 7 . 82 6 . 99 6 .  71 
22 III 2 0 . 26 22 . 50 25 . 47 23 . 21 3 8 . 67 42 . 06 3 8. 82 3 7. 20 5 . 0 2  8 . 06 6 . 06 6 . 23 
23 I 22 . OL� 1 5 . 04 1 6 . 76 1 4 . 94 3 6 . 92 so .  5 8  L�8 . 3 7  47 - L!.O 5 . 1 4 5 - 97 4 . 95 5. 91 
24 I I  2 1 . 96 1 5 . 92 1 8 . 69 1 7 . 30 3 5 . 88 48 . 1 4  46 . 3 5  49 . 1 1  Lj . •  96 7 . 00 6 . 83 6 . 1 0  

-

:.:.: 
Cormnon s tart e r  rati on 



P?en 
, .. ... 

� o . 
Tt. 

1 
2 
3 
4 

5 
6 
7 
8 

f--- --· 

9 
1 0  
1 1  
1 2  

1 3  
1 4 
1 5 
1 6 

1 7 
1 8 
1 9  
20 

2 1  
2 2  
23 
24 

APPEN:piX ,2 

.l\.J.;p aren t D i ge s t ib i l i ty O oe :f:fi c ient s o1' Dry 111at te r , 
Crude Pro t e in , � th er �xt rac t , Ash, Ni t rogen-Free 

�xtract . 

A . C ol l ec t ion �e r i od 1 .  ( 28 days o:f age ) 

----
D . M . Cr .  i. rot .  b th . �x . As h 1[ . l•' . � .  

(b ) + 

20 . 28 
2·1 • 8L� 
22 . 06 
1 9 . 99 

21 . 69 
20 . 01 
22 . 98 
2i-t . 07 

1--· 
2 0 . 79 
21 - 33 
2 2 . 94 
23 . 69 

1 0 . 73 
1 6 . 3 7 
1 5 . 2l.J. 
1 ti . 92 

1 7 . 64 
1 7 . 24 
1 7 . 97 
1 5 . 95 -
1 7 . 98 
1 8 . 1 8 
1 7 . 61  
1 8 . 40 

... . ,. 

�& (b ) +  

80 . 9 9  8 . 48 
7 9 . 5 2  9 - 37 
79 - 3 1 9 . 51 
81 . 2 5 9 . 2 2 

79 . 6 6  9 . 1 8 
81 . 23 7 . 7 8 
78 . 45 9 . 2 9  
77 - 43 9 . 9"1 -
80 . 50 9 . 24 
80 . 0 0 9 . 07 
78 . L�9 9 . 2 1  
77 - 7 8  9 . 97 

uL� . 3 1  5 . 62 
8L� . 6 5  6 . 0 6  
85 . 71  s . 2 9  
8L�. 1 3  5 . 97 

83 . 46 6 . 6L� 
83 . <33 6 . 26 
G3 . 1 5  6 . 9 6 
85 . 0 4 5 . 1 1 

83 . 1 4 7 . 00 
02 . 9 5 6 . 8 9 
83 . 48 6 .  71 
8 2 . 7LJ. 7 . 08 

c1 
i O  (b ) +  r:' /0 

·-· 

6 9 . 90 1 . 66 83 . 40 
66 . 73 1 .  8 6  8 1 . 34 
66 . 2L� 1 .  93 8 0 . 04 
6 7 . 27 1 .  60 03 . 95 -
67 . 41 2 . 26 77 - 33 
72 . 3 8  1 . 93 80 . 64 
67 . 0 2 2 . 52 74 - 72 
6L� . 8 2 2 . 6 8 73 . 1 2  

---· 

67 . 20 2 . 06 7 9 . 3L� 
6( . 8 0  2 . 82 7 1 . 7 2 
67 . 3 1 2 . 9 1 70 . 81 
6 4 . 6 1 2 . 1 7 78 . 23 -
80 . 0 5  1 . 3 8 86 . 1 6  
7 8 . L�9 1 . 44 85 . 56 
0 1 . 2 2  1 .  52 84 . 75 
78 . b1 1 . 1 9 88 . 06 

76 . 43 1 . 59 84 . 0 5  
77 - 77 1 .  23 87 . 66 
75 . 2 9 1 .  87 13 1 . 24 
81 . 86 1 . 0 8  89 . 1 7 

7 5 . 1 5  1 .  84 81 . 54 
-(5 - 54 1 . 2 9  87 . 06 
76 . 1 8 1 . 27 87 . 26 
74. 87 1 .  42 85 . 76 

All on c ommon s t arter rat i on 

:t Fae c a l  : index ratio 

---
( b ) +  r.J ;o ( b ) +  ;:& 
4 - 33 5 9. 83 7 . 84 8 8 . 3 7 
5 .  2 "1 51 . 67 7 . 9 6 8 G . 2o 
5 .  2 9  50 . 93 8 . 2 1 87 . 8 2  
4 . 6 5  56 . 86 7 . 36 8 9 . 08 

4 . 6 1 57 . 24 o . 76 o7 . 00 
4 . 1 0 6 1 . 97 8 . 87 8 6 . 84 
5 . 61 47 - 96 8 . 83 86 . 90 
5 . 3 6 50 . 2 9  9 . 22 66 . 3 2 --- · 

4 . 2 7 60 . 3 9 8 . 1 8  8 7 . 8 7 
L� . 3 1 60 . 02 7 . 95 88 . 2 1 
4 - 5 9 57 . 42 0 . 6 1  13 7 . 23 
4. 81 55 . 3 8 1 o . 2 1  84 . 8 5  -
3 . 54 6 7. 1 6 7 . 57 8 8 . 77 
3 . 93 63 . 54 6 . 3 7 90 . 55 
3 . L�7 67 . 8 1 6 . 27 90 . 70 
4. 02 62 . 71 7 . 23 89 . 27 

3 - 95 63 . 36 7 . 1 9  8 9 . 33 
3 . 96 6 ·1 . 41 7 . 3 2  89 . 1 4  
4. 3 5 5 9 . 65 6 . 74 90 . 00 
3 . 94 63 . 45 7 . 1 6  89 . 3 8 

4 . 31  60 . 1 9 6 . 69 90 . 0 8 
4 . 04 62 . 52 7 . 70 88 . 58 
4 . 2 9 60 . 20 7 . 1 8  89 . 3 5 
4 . 49 58 . 3 5  7 . 23 89 . 2 7  



APP�NDIX 3 (C on�d. ) 

B . Coll ec ti on �e ri od 2 .  (42 days of age ) 

D .  M . er . l-rot . Eth. Ex . Ash N . F . � . 
--

!No . Tt . (b ) +  5;� (b ) +  % (b ) +  % (b ) +  c;' 
;o (b ) +  % 

-- --- -

1 I I  '1 2 . 7 0  87 . 03 4. 2 1  8 1 . 82 0 �  91 84 . 06 2 . 30 80 . 0 9  6 . 93 89 . 9 9  
2 I I I  1 2 . 6 1  85 . 51 L� . 1 8 80 . 1 8  0 . 85 84 . 66 3 - 43 6 5 . 49 5 . 5 8  90 . 64 
3 IV 1 5 . 58 83 . 33 5 . 1 2 78 . 76 0 . 80 87 . 54 5 . 24 50 . 71 6 . 1 7 90 . 2 2  
4 I 1 3 . 70 03 . 93 . 4. 36 7o . 5 2 1 . 40 70 . 28 1 .  95 81 . 21  7 . 5 6  87 . 3 7  

- ---

5 I I  1 3 . 1 8 86 . 54 3 . 95 82 . 94 1 • Lj.2 75 . 1 3  2 . 3 9  79 - 3 1 6 . 83 90 . 00 
6 IV 1 2 . 23 8 6 . 9 1 4. 3 5  81 . 9 5 1 . 06 83 . L�9 3 . 96 62 . 7 5  4 . 33 93 . 1 3  
7 I I I  1 2 . 90 8 5 . 1 8 L� . 24 79 . 90 1 .  27 77 . 08 2 . 69 7 2 . 94 6 . 1 8 89 . 63 
8 I 1 2 . 94 SL, . •  82 3.  93 80 . 6Lj. 1 . 43 69 . 64 2 . 05 80 . 2 5  7. 06 bo . 20 

. 

9 I I I  1 2 .  4L� 8 5 . 70 4 - 5 5  78 . 43 1 . 20 70 . 34 2 . 6 2 73 . 64 5 . 58 90 . 6L� 
1 0  IV 1 2 . 95 86 . 1 4 L� . 63 80 . 79 1 . 07 83 . 33 3 . 1 6 70 . 27 5 . 50 91 . 28 
1 1 I 1 L�. 82 8 2 . 6 1 5 . 1 6 74. 5 8 'I . 36 71 . 1 3  2 . 26 78 . 23 8 . 0 6  86 . 53 
1 2  I I  1 2 . 66 87 . 07 4. 2 9  8 1 . 48 1 .  20 78 . 98 2 . 1 4 b1 o L,L7 6 . 56 90 . 40 

-· --1-----f-· 
1 3  II  1 L� . 50 85 . 20 4 . 5(:) 80 . 22 1 .  20 78 . 98 2 . 44 78 . 8 7  o . 07 tW . 1 9 
1 L� I I I  1 1 . 77 86 . 47 4 . 0j 80 . 89 0 . 90 83 . 75 2 . 76 72 . 23 5 . 49 90 . 7 9 
1 5  IV 1 2 . 6 5  86 . 46 4 . 3 d 81 . 33 0 . 85 86 . 76 3 . 84 63 . 8 8  5 . 0 1 92 . 0 6  
1 6  I 1 L� . 76 (:)2 . 6 8  L� . 64 77 . 1 L� 1 . 1  8 74 . 95 2 . 30 77 . 84 8 . 47 85 . 8 5  

f--. · -

1 7  I 1 6 . 6 9  80 . 42 4 .  7 5  76 . 6 0  1 .  54 67 . 30 2 . 72 73 . 80 9 . 24 84 . 56 
1 8  I I I  1 1 . 6 7 86 . 5 9  3 . 46 83 . 5 9  o .  71 87 . 1 b  2 . 77 7 2 . 1 3  5 . 86 90 . 1 6  
1 9  IV 1 '1 . 3 5  8 7. 85 3 . L,.6 b 5 . 64 0 .  7L!. 88 . L�7 3 . 79 64 . 3 5 4. 61 92 . 6 9  
20 I I  1 2 . 1 7 87 . 57 3 . 3 0  55 . 75 o .  80 85 . 99 2 . 36 79 . 57 7 . 0 2 89 . 7 2  

2 1  IV 1 1 . 6 0 87 . 59 4 . 0 1 83 . 3 6  0 . 72 88 . 79 3 . 66 6 5 . 57 4 . 40 93 . 0 2  
2 2  I I I  1 1 . 1 Lj. 8 7. 20 3 . 61 82 . 88 0 . 79 u5 . 7LJ. 2 . 79 71 . 1  9 5 . 2 2  9 1 . 24 
23 I 1 4 . 9o 82 . 43 4 . 20 79 . 3 1  1 • 51  67 . 94 2 . 5 2  75 - 7 2  8 . 5 2  8 5. 76 
24 I I  1 2 . 79 8 6 . 94 4 . 07 82 . Lj.3 1 . 07 8 1 . 26 2 . 27 80 . 3 5 6 . 88 b9 . 93 

+ Faecal : index ratio · 



� Tt . 

1 I I 
2 I I I  
3 IV 
L� I 

5 I I  
6 IV 
7 I I I 
8 I 

9 I I I  
1 0  IV 
1 1 I 
1 2 II 

1 3  II 
1 Lj. I I I  
1 5  IV 
1 6  I 

1 7  I 
1 8  I I I  
1 9  IV 
20 I I  

2 1  IV 
2 2  I I I  
23 I 
24 I I 

APPENDIX 3 (C on td. ) 

c .  C olle c t ion P e r i o d  3 (49 days of age ) 

D . M. 

(b) L 
1 3 . 80 85 . 9 1 
1 3 . 55 84. 43 
1 2 . 98 8 6 . 1 1  
1 2 . 97 GLj . •  78 

1 3 . 7 9 85 . 92 
1 5 . 05 83 . 89 
1 L� .  92 82 . 8 5 
1 3 . 5 2  IJ4 . 1 4 

1 3 . 0 6 8LJ. . 99 
1 4 . 07 oLj. . 0 9  
1 o . 47 Go . 6 8 
1 3 . 94 85 .  Tl 
1 4 . 23 8 9 . 1 5  
1 3 . 05 85 . 00 
1 4 . 55 8L� . l.i-3 
1 3 . 81 83 . 80 

1 3 . 6 9  83 . 9L� 
1 2 . 0 8  86 . 1 2  
1 4. 1 5  8L� . 86 
1 3 . 54 b 6 . 1 0 

1 2 . 96 86 . 1 3 
1 4 . 92 02 . 8 5 
1 8 . 2 2 78 . 63 
1 3 . 33 86 . 3 9  

C P . Pr o t . 

,_ J..QJ_ 
L�. 55  
3 .  94 
4 . 0LJ. 
3 . 80 

Lj_ . 68  
5 . 50 
LJ. . 79 
4 . 3 8  -
L� . 3 5  
4 . 90 
L!- • 88 
4 . 38 

L� . 05 
4 . 00 
L!- · L�3 
3 .  76 

3 - 73 
3 . 48 
4 .  20 
3 . 36 

4 . 2 2  
4 . 78 
5 . L�O 
4 . 01  

d ; o  
r-·--

80 . 3 5 
81  . 3 2  
83 . 24 
8 1 . 28 

79 - 7 9 
Tl . 1 8 
7 7 . 29 
78 . Lj.2 

79 . 3 7  
7 9 . 6 7  
75 . 96 
8 1 . 0 9 

tl2 . 5 1  
81 . 03 
81 . 6 2  
8 1  . 4 8 

o1 . 63 
83 . 50 
82 . 57 
8 5 . 49 -
82 . 49 
77 . 34 
73 . 40 
82 . 6 9 

Etl1 . �x . Ash --- ----
(bl o t  1 0  lbj_ % 
1 • 1 1  80 . 56 2 . 6 0 77 . Ll-9 
o .  8 1  85 . 38 3 . 72 62 . 58 
0 . 78 87 . 85 4 . 63 56 . L!-4 
1 .  06 77 . 49 2 . 1 6  7 9 . 1 9  -
1 . 3 0  Tf . 23 2 . 67 76 . 8 8 
1 . 1  0 82 . 87 L� . 8 2  54. 66 
1 . 08 80 . 51 3 . 2 8  6 7 . 00 
1 .  20 74 . 52 2 .  LJ-7 76 . 20 

1 . 01 8-J . 77 3 . 3 9  65 . 90 
1 . 08 83 . 1  () 5 . 26 50 . 1 7  
1 . 44 6 9 . 43 2 . 45 76 . 40 
1 . 1  0 13 0 . 74 2 . 92 74. 72 

1 . 1 5  79 . 86 2 . 87 75 . 1 5  
0 . 90 03 . 75 3 . 46 6 5 . 1 9  
0 . 80 8 7 . 54 5 . 41 49 . 1 1  
1 . 33 71 . 76 2 . 00 80 . 73 
1 . 1 2  76 . 22 2 . 1 2 7 9 . 58 
0 . 93 83 . 21 3 . 41 65 . 6 9  
0 . 99 84 . 58 4 . 92 53 . 72 
1 . 0 6  8 1 . 44 3 . 1 1  73 . 07 

0 . 92 85 . 6 7 4 .  Lj.Lj. 58 . 23 
1 • 1 1  7 9 . 96 4 . 20 5 7 . 75 
1 . 64 65 . 1 8 3 - 3 9 6 7 . 34 
1 • 1 1  80 . 56 2 . 74 76 . 2 8 

----
N . F' . � . --------

(b) % 
7 . 1 9  89 . 47 
6 . 55 89 . 00 
4 . 73 92 . 50 
7 . 3 2  87 .  Tl 
6 . 70 90 . 1 9  
5 - 37 91 . 48 
7 . 2 6  8 7 . 82 
6 . 9 5 88 . 3 9  

5 . 7 6  90 . 3 0 
5 . 1 5  91 . 83 
9 - 34 84. 3 9  
7 . 08 8 9 .  6L� --
7 .  81  80 . 6 7  
6 . 0 2 8 9 . 90 
5 .  LJ-7 91 . 33 
8 . 00 06 . 63 

8 . 0 5  86 . 5 5 
5 . 40 90 . 94 
5 - 33 91 . 55 
7 . 33 70 . 6 5 - --
4 . 72 92 . 52 
6 .  Lj.1 8 9 . 24 
9 . Tl 83 . 6 7 
6 . 79 90 . 0 6  



APPE�NDIX 3 ( C ontd.  ) 
D . Colle c ti on Pe Piod 4 (56 days of age ) 

---
D .  t1 . C r .  :t'rot . .b th . j�X . As h .L\ . •  �, • E 

No. Tt . (b )  % ( b )  % (b ) % (b ) v/ ; 0  (b )  % 
1 I I  1 Lj . •  21  CS5 . 49 L� . 4 9  80 . 61 1 - 3 9  75 . 66 2 . 60 77 . 49 7 .  L!l-J. 09 . 1 1  
2 I I I 1 L� . 49 83 . 3 5  4 .  54 78 . 47 1 . 3 1  76 . 3 5 3 • 8l.,L 6 'i . 3 7 6 . 3 1 89 . 41 
3 IV 1 4. 6 6  oL� . 31  4 - 79 00 . 1 2  1 • 2 1 81  . 1 5  5 - 34 49 - 76 4. 8 9  9 2 . 2 5  
4 I 1 L� . 39 03 . 3 2  L� . 2 1  7 9. 26 1 . 63 6 5 . 3 9  2 . 27 70 . 1 3  7 - 87 86 . 85 

-· --
5 II 1 Lj  . •  8 9  84. 80 4. 4L� 80 . 83 1 • <33 6 7. 95 2 . 88  75 . 0 6  7 . 3 0  89 . 3 1  
6 IV 'l 5 .  9 7  u 2 . 91 5 - 5 5  76 . 97 ·J • L�6 Tf . '2 6  5 - 57 47 . 60 5 - 'l 2 9 1 . 08 
7 I I I  i LJ . •  94 8 2 . ()3 5 - 1 7  75 - Ll-9 1 . 42 7L1 . • 3 7 4 . 1 6  58. 1 5  5 . 6 2  90 . 23 
8 I 1 6 . 04 81 . 1 8  4 . 6 8 76 . 95 1 .  93 59 . 0 2  2 . 63 74. 66 b . 3 9  8 5 . 97 - --
9 I II 1 4 . 83 u 2 . 9 6 5 . 03 76 . 1 5 ·J LW 7L� . 0 1  3 .  89 60 . 87 6 . 25 89 . 95 . . n o  IV 1 5 . 72 u3 . 1 8  5 - 1 5  7 0 . 63 1 . 45 77 . 41 5 . 74 46 . 00 5 . 1 3  91 . 86 

i 1 I 1 L!- · 91  8 2 . 5 1  L+ . 69 76 . 90 1 .  72 63 . 46 2 . 3 2  77. 6 5  7 . 85 86 . 8 8  
1 2  II '1 6 .  57 83 . 08 5 . 1 7  77 . 6 8 1 .  o3 67 . 9 5  3 . 50 69 . 70 7 . 89 86 . L�5 --t-
1 3  I I  1 6 . 66 8 2 . 99 L�. 95 70 . 63 1 • 6L� 71 • 28 3 - 75 67 . 53 8 . 1 7  8b . 04 
i Ll- I I I  1 < ·  " 4  u . o  78. 35 5 . 6 2 73 . 3 5  i .  72 60 . 95 5 . 52 44 - 47 6 . 6 4  88 . 86 
1 5  IV H� . 93 SL� . 0 2  4 . 5 2  01 . 24 1 . 03 83 . 96 5 . 3 6  49 . 5 b 5 . 6 2 91 . 0 9 
1 6  I i 5 .  75 8'1 . 52 L J  . • 49 77 . 88 1 .  86 60 . 51 2 . 45 76 . 97 b . 72 85 . 43 

1----
1 7 I 1 7 - 34 79 . 66 4. 83 76 . 21 1 .  68 6L1 . •  33 2 . 8 9  72 . 1 6  9 .  9L� 83 . 3 9 
1 8  I I I  1 4 . 21 oJ . 67 Lj . •  46 7 0 . 85 1 . 1  6 79 . 06 4 . 3 0  5 6 . 74 5 . 8 1  90 . 25 
1 9  IV 1 4 . 96 b3 . 99 4 . 9 2  79 . 5 9  1 . 1 9  8 1 . 46 5 . 06 52 . 40 5 - 50 9 1 . 2 8  
20 I I  1 3 . 54 86 . 1 8 3 .  L�7 8 5 . 0 2 1 .  25 78 . 1 1  3 - 33 71 . 69 6 . 9 1  89 . 88 
1---!--- -- -
21 IV 1 3 . 52 85 . 53 4- 5 5  8 1  . 1  2 0 . 99 8Lj . •  58 4. 72 55 . 6 0  4 . 6 5 92 . 63 
22 III 1 LJ . •  L!-3 83 . L�2 5 - 1 7  7 5 . 49 1 . 1 8  78 . 70 3 .  73 62 . 47 5 - 97 89 . 98 
23 I 1 5 . 29 82 . 06 L� . 94 7 5 . 67 1 . 43 69 . 64 2 . 53 75 . 63 8 . 0 2  86 . 60 
24 I I  1 L� . 8 8  84 . 81 4. 24 81 . 69 1 . 27 77 . 76 2 . 84 75 . LJ.1 8 . 05 88 . 22 



Trt . 

C S  

I 

I I  

. I I I  
IV 

-

:o . u . 

1 0 6 . 63 

85 . 24 

9 7 . 9LJ. 

b 7 . 0 2  

93 . LJlj. 

APPill\fDIX 4 

Fe e d : index rat io ( a ) - c a lcula t e d  f rom 
'l' ab le 1 7  

- --· ----

C P  • P ro t . � the r 
......Jx t rac t As h 1 .. . l�� . D . 

2 8 . 1 7  9 . 97 'i 0 . 71J 67 . 41 

20 . 3 0  4 . 71 1 0 . 38 59 . 84 

23 . 1 6  5 . 71 1 1 . 55  6 8 . 31  

21  . 0 9  5 .  5L� 9 . 94 5 9 . 59 

2L�. 1 0 6 . 42 1 0 . 63 63 . 06 

---



Pen No . 

A 1 
2 
3 4 

B 5 
6 
7 
8 

c 9 
1 0  
1 1  
1 2  

D 21 
22 
23 
24 

p'\}l-.cll:"DIX 5 
Average Dai ly , ; a t e i' ....;ons umpt i on ( galls . ) pe r Two 

}i glets , over 3 Day Trial } e riods 

-
21 /8/59 - 23/8/59 28 /8/5 9 - 31 /8/59 
'l'rea tment 1'1.ge of' " �ve ro.ge ,.ater 

1-'igle ts C onaumpti on 
( G�tl]-ons_L 

I I  2·:;, 
III  j 7� - 8 2� 

IV we eks 4�; 
I 2 - ·--- - -----

I I  29 IV j 7.,_� - 7"! 3o 
III neeks 3i 

I 1 -i2  -
I I I  7 2-u 

IV } 7 - 7-� 
3 -'2.  � I weeks 1 :;� 

I I  ) 2 
· ---· ----

IV 2-� 
I I I  l 6 - 6 � 

r ·: 

2 <::4 
I weeks 1 -;� 

I I  1 *  
·-'----· -----�·---

1--en .1,-o . Tr ea tment . i-'.ge of' 
Piglets 

Avei'a@ V18.te . 
C onsumpti o. 

-------+--------+ (Gallons 
·· -

· - · 

1 7 1 8  
1 9 
20 

·----

I 
III  

IV 
I I  

28/8/5 9 - 3 1 /8/59 

3 
--r, 

) 

lN - 7!1 rreelr..s 
2-'l 
1 �  "' 
1 % 

1 �  
3 
3� 
2 

l 7 :; 8 -; -
w�eks 

- ...., 

) 7 

l 7�': - 8 
rreeks 

4 
3-l: 
2 
2± 

E 



1 s t \leek J 2nd '. leek Pen 
No . ( C ommon S t arter ) 

--1-· 
1 4 . 5 1 2 . 7 5 
2 6 . 5 1 3 . 0  3 7 . 5  1 8. 25 
4 7 . 5 1 6 . 50 

5 8 . 0  1 5 . 0  
6 9 . 0 1 7 . 25 
7 9 . 0  1 7 . 75 
8 8 . 0 1 6 . 50 

h 6 9 . 0 1 5 . 0  
8 . 75 1 4 . 75 h 1 
9

- 5 1 4 . 0 h 2 9 . 5 1 5 . 0  

� 3 6 . 0 1 1 . 0 

M � 7 . 25 0 . 5  
5 . 0 7 . 25  

h 6 5 . 75 8 . 0  

� � 5 - 75 7 - 75 
5 . 25 5 - 75 

�9 
5 - 75 7 . 0  

1"-0 5 .  75 7 . 25 

12 1 5 . 25 7 . 0  �2 4 - 75 1 1  • 0 �3 5 - 25 1 2 . 0 
t24 5 - 75 9 . 0  

1\.PP:S.J:rD IX 6 --- -----

\ieekly i . 1e e. l  J onsumpt ion (lbs) per l-'Ecir of' . ic;lets  -

21 -57 clG.ys of &.ge . 
- - - --· .. --· -·- -

Tt . 3rd . .  eek L� tll . .  eek 5 th . .  eek 5o th-57 th •rot al 
Day C ons umpti on 

--- ·· ·�- 1-- -- --· ·--- -- ·- - - ---� 1 .:-.5_?_QC1l§_ 
I I  2 2 . 0 32 . 75 42 . 25 5 . 0  1 1  9. 25 

I I I  1 9 . 0 25 . 7 5 36 . 25 5 . 0 1 05 . 50 
IV 29 . 0 34- 5 46 . 0 6 . 5 1 41 . 75 

I 23 . 5 28 . 5 41 . 5 6 . 0 1 23 . 5  
-

I I  25 . 0  27 . 5 3 8 . 5 5 - 5  1 1 9 . 5 
IV 24 . 0 29 . 0 43 . 0 6 . 0 1 2 8 . 2 5 

I I I  1 3 . 25 30 . 0 42 . 25 6 . 5 1 2 1 • 75 
I 1 6 . 50 30 . 5 39 . 0 5 . 0  '1 1 5 . 5 - - -- t--· 1--I I I  24 . 0 36 . 0 47 . 75 7 . 0  1 3 8 . 75 

IV 20 . 0 2 b . 5 46 . 5 6 . 5 1 25 . 0 
I 1 8 . 0 3� . •  0 35 - 5 4 - 5 1 1 9 . 5  

I I  25 . 0 3 5 - 75 3 8 . 50 5 . 5 1 34 - 5 
-· ·-- 1--· I I  25 . 0 jLj . •  5 4LJ . . 5 6 . 0 1 2 7 . 0  

I I I  1 6 . 0 2 5 . 5 3 5 . 25 L�. 0 96 . 5 
IV 5 . 0 23 . 75 33 . 0 5 . 0 79 . 0  

I 1 7 . 5 22 . 5 37 . 25 5 . 25 96 . 25 
I 1 s .  5 3 2 . 0 3L� . 75 5 . 0 1 OL� . 75 

I I I  1 6 . 2 5 2u . 25 30 . 75 L� . 5 86 . 75 
IV 1 6 . 25 25 . 0 25 . 0 3 - 5 82 . 50 
I I  20 . 25 3 0 . 25  3 0 . 25 4 . 5 9U . 25 - - - -
IV 1 5 . 75 27 . 75 2 8 . 75 4 . 0 88 . 5 

I I I  21 . 25  3 1 . 25 41 . 5  6 . 0 1 1 5 . 75 
I 23 . 0 3 2 . 5 .)b . 5 5 . 5 1 1 6 . 75 

I I  1 8 . 25 3 0 . 25 3 1 . 0 4 . 5 9 8 . 75 
.....__---L-..-

·- --
Total 
C onsumpt ion 
3.2-.2:Z Days 

1 02 . 0 
86 . o  

1 1  ci . o  
99 . 5 
96 . 5 

1 02 . 0 
95 . 0 
9 1 . 0 

1 1 4 . 75 
1 0 1 . 5  

96 . 0 
1 04 . 75 
1 1  o .  0 

81 . 75 
66 . 75 
82 . 5 -
91 . 25 
77. 75 
69 . 75 
85 . 25 

76 . 25 
1 00 . 0 

99 . 5 
84. 0 



!Pen Ho . 

1 
2 
3 
4 

-· 

5 
6 
7 
8 

9 
1 0  
1 1  
1 2  

f-· 
1 3  
1 4  
1 5  
1 6  

1 7  
1 8  
1 9  
20 

21 
22 
23 
24 

Feed G onv e rsi on bffi cienc y  per Pair o f  
P i gs - 35 th-57 th Day . 

TPe &. tment lbs Lle a l  () Oi1lb ined lb s 
3 5th-5 7th , J e ight Gain lb s 
Day 3 5th-57th Da.y 

( lb s )  

I I  1 02-0 56 . 5  
I I I  86 . 0 57 . 0 

IV 1 1 6 . 0 67 . 5 
I 9 9 . 5 54 . 5 

- ·-

I I  96 . 5 59 . 0 
IV 1 02 . 0  62 . 0  

I II 9 5 . 0 5 8 . 5 
I 91 . 0 49 . 5 

. 

I I I  1 1 4 . 75 60 . 0 
IV 1 01 . 5 52 . 0  

I 96 . 0 54 . 5 
I I  1 04 . 75 57 . 0 

·-I-· 
I I  1 1  o .  0 67 . 0 

I I I  81 . 7 5  53 . 5 
IV 66 . 7 5  51 . 5  

I 82 . 50 54 . 0 

I 91 . 2 5 57 . 0  
I I I  77 . 75 51 . 5  

IV 69 . 75 54 . 0 
I I  8 5 . 2 5  52 . 5 

IV 76 . 25 51 . o  
I I I  1 00 . 0 60 . 5 

I 9 9 - 5 5 8 . 5 
I I  84 . 0  55 . 0 

Lleal pe r 
Gain 

1 .  80 
1 .  51 
1 .  72 
1 .  83 

1 . 64 
1 .  6 5  
1 . 6 2 
1 .  84 

1 . 9 1  
1 .  95  
1 .  76 
1 . 84 

1 . 64 
1 .  53 
1 . 3 
1 . 53 

1 . 6 
1 • 5 1  
1 .  2 2  
1 . 6 2  

1 . 5 
1 .  65 
1 . 7 
1 .  53 



APPENDIX 8 

.An alys e s  of' Vari anc e of C oe f'f:L c ie nt s  o f  Dige s t­
ib i li ty f or e ac h  l•'ae c a l  C o l l ec ti on 1-'e i' i od . ( S e e  

Chap ter Iv. )  
a ) P e r iod 1 :  ( 2 8  days of age ) 

i .  :Ury ma t t e r  

0 01.1rce s s df M S  F Re s ul t  
,____ ______ 

Bet\·reen :-:'! �:-: 
B l o cks 1 20 . 93 5 24 . 1 9 22 . 1 9 

1Ji t hin 
Dlocl:s 1 9 . 70 1 6  1 . 09 ----t--·-
T o t a l  1 40 . 63 23 

ii . C rude �rot e i n  
·-- -----r· 

S ou.rc e s s  df M S  F Ee sult - r--· -
Be t\leen ::: ;:: 
Lloc l�s 65t3 . u6 5 1 3 1 • 77 3 1 . 9 8  

. .  i t hin 
B l o cks 7�- · 20 1 0 4 . 1 2 

'r o tal 733 . 06 23 
- ---- · -.___ __ '--------

i i i . _;t 1G r e x t :c·ac t 

S m.u• c e  s s  df M S  F .':<e s u l  t 

Be tr.reen .... ... 
D l ocks 481 . (:$3 96 . 37 1 0 . 63 

.... ... 
5 

·. 1 i thin 
Block s  1 63 . 1 8 1 8  9 . 07 

T o tal 6�.5 . 0 1  23 

iv . Hi trogen -fre e e xtrac t 

S ourc e  s s  df' M S  F Res ult 

Be tween .,. •'-

34. 0  6 .  80 
., .. � ... 

B locks 5 1 o . oo 

\'fi thin 
Blocks 1 2 . 26 1 8 0 . 68 

T o t a l  46 . 26 23 



Period 1 (Contd. ) 
v .  �2..s h  

Sotu' c e  

r-----· 
Be trreen 
B l ocks 

·. , i  thin 
B l oct:s 

'l' ot al 

·-
s s  --f----

3 50 . 0 6  

232 . 8 2 

590 . 88 

�---
df' 

5 

1 8  

23 

b )  l-'e P i o d  2 (42 d2 ys o1' e.ge ) 
i .  Dry uat t e r  - · 

G o1.:w c e  s s  di' 

D l o cl<: s 3 . 3 6  5 
T l'e D. trnen t s  59 . 03 3 
_, rr oi' 2 7 . 49 1 5  

'l'otal 8 9 . 88  23 

ii . 0rude �J l'ote in 
. 

S our c e  s s  df' r---------
B l o clcs 46 . Lj.6 5 
Treo. tments 79 . 83 3 
.c;rr o P  3 9 . 9 1 1 5  

T o tal 1 66 . 20 23 

i i i .  �the P e xtrac t 

Source s s  df' 

Blocks 1 09 . 6 8 5 
Treatments 870 . 92 3 
�rror 1 1 8 . 24 1 5  

Total 1 098. 84 23 

� - ·-----

r.1 s F Re sult 

;:� ::: 
71 • 61  5 - 54 

1 2 . 93 -----

--
M S  b, .e s u lt --- --- --

0 . 672 0 . 367 �J . s . 
1 9 . 67 1 o. 74 �� ::; 

1 .  83 

·-t-- -
h'I 8  F Res ul t 

9 . 2 9 3 - 49 ··-... 
26 . 6 1 1 0 . 00 • ' • •'• ,, . ... ,. 

2 . 66  

M S  F Re sult 

21 . 94 2 . 78 l'J . S . 
290 . 3 1  36 . 84 ::� >:: 

7 . 88 



Pe ri od 2 (Contd . ) 

i v .  N i t ro gen-free extrac t 

S ou rc e  s s  M 

B l o cks 3 - 1 7  5 
Tre atr.�e nts 1 03 . 74 3 
.Drror 1 6 . 1  7 1 5  

•rot a l  1 23 . 08 23 

v .  Ash 

S ourc e  s s  elf' -
Dlocks 90 . 3 9 5 
TPe a  tne nt s  1 0 57 . 3 3 
�Pro r  208 . 56 1 5  

Total 1 356 . 2 5  23 ---

c ) �e riod 3 (49  deys of aGe ) 
i .  Dry J,:a t t e r  

-- ,--- · 
S mu-· c e  s s  elf' --r-·----
B l ocks 1 5 . 3 1  5 
•.rre et tme nt s 46 . 26  3 
.Grror 26 . 23 1 5  

Tot a l 97 . 80 23 

i i . C rude p rotein 

S our c e  s s  M 

J.Ho cks 80 . 70 5 
Tre a tment s 36 . 77 3 
�rror 5 5 . 1 8  1 5  

T o t a l  1 72 . 65 23 

LT S 1•' Result 

0 . 634 . 5 8 7 H . s . 
34 . 58 3 2 . 0 2  ::-: ::: 

1 . 08 

--

· -

i':I S }_;1 Result 

1 8 . 0 8  1 . 30 N . S . 

3 52 . 43 2 5 . 3 5 ::� ::.: 

1 3 . 9 

Ll S  F Re su lt 
-- ---· 

3 . 0 6  1 .  2 6  J..r . s . 
1 5 . L�2 6 . 3 7  · ' ·  �·· 

. ,� � .... 

2 . 42 
-

M S  F Re s ult 

1 6 . 1 4  4 - 3 9 ,.,. ... 
1 2 . 26  3 . 33 -·· ... 

3 . 6 8  



Peri od 3 (O ontd . )  

ii i .  j,_;tile P extract  
- -

Sm.u•c e  s s  df M S  p Re s ult 
- -

B locks 71 . 79 5 1 4. 36 2 . 41  N . b . 
'l.'Pe D. tnB n ts 546 . 2 9  3 H:!2 . 1 o 30 . 55 ··� ''� 

.. � .. ..... 

..:.;rror 89 • .33 1 5 5 . 96 

'I'ot a l  7 0 7 �  41 23 
..__ ___ 

iv . _ , it r-og en-f're e extr-act 

r-· 
8 oul'ce s s  df LI S  p -'- e s u lt 

-- - --

· B lo cks 63 . 77 5 1 2 . 75 0 . 732 1'"� . 8 . 

'.L're r:· tnen.t s 1 30 . 97 3 43 . 66 � . 51 1 ! . 0 .  

�rl'or 261 . 34 1 5 1 7 .  1.�2 

'I'o t a l  L!-56 . 08 23 
··-

Line aP 
'l'Pend 1 20 . 1 0  1 1 2 0 . 1 0 6 . 89 .·. 

- - . ____ .___ ______ ----

V • Ash 

Sm.1.rce s s  df M S  F Result 

Blocks 43 . 78 5 8 . 76 0 . 63 1  N . S . 

TI>e e.tments 2099 . 1 9 3 699 . 73 50 . 3 8  * *  

Error 208 . 33 1 5  1 3 . 89 

Total 235 1 . 30 23 



d)  Pe r i od � ( 56 days o f  a ge ) 
i .  Dry ma tt e r  
------·--r-----·---r---

S ourc e S S  
---4f---
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