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CHAPTER 1 :  AN INTRODUCTION 

Pig meat production in New Zealand has tradit ionally 

b e en as soc iated with the dairy industry , relying upon dairy 

by-products ( principally skim-milk and whey ) as maj or s ourc es 

of protein and energy for pig feed . However , export market 

prospects for milk protein led to the diversificatj_on of 

dairy factory products , such as the ultra-filtration of whey 

protein and lactose extraction of whey . The prevai ling 

ec onomic climate also enc ouraged dairy farmers to change to 

whole milk ·,anker collection and large numb ers of the supple-

mentary pig enterprises  were closed down . Despite fluc tua-

tions , mark�t prices generally showed an increas e and many 

farmers began investigating alternative food supplies in order 

to take advantage of these  higher prices . Garbage and other 

edib le waste provided only limited s c ope for expansi on , and 

the main alternative appeared to b e  the us e of cereal grains . 

The New Zealand pig industry , in the last 5-1 0 years , has 

therefore begun to move towards a s pec iali sed form of production 

bas ed upon the us e of diets c ontaining a predominanc e of 

c ereals , similar to what has prevailed in many overs eas 

countries for a longer period . The local report of Kingma 

and Ryan ( 1 97 1 ) illustrates the need for efficiency in the 

high eo� system of producti on bas ed upon meal feeding . 

Where skimmilk is  the principal ingredient in the ration , 

the supply of d ietary protein is  generally adequate due to the 

high nutritive value of the protein in this feedstuff . 

However , when the maj or s ourc e  of nutrients comes from c ereal 

grains , although thes e  provide a c oncentrated sourc e of 

energy , the poor balanc e of amino ac ids becomes limit ing to 

the utilization of such rations . In New Zealand there is a 

restricted range of feeds high in protein and suitab l e  for 

inc orporation into pig rations . They include skimmi lk powder , 

butt ermilk powder , meat meal , meat and bone meal , liver meal 

and fish meal . Alternative sources  of protein in s oyb eans , 

lupins , field b eans and luc erne are being invest igated . 



2 .  

High co sts restrict the use of skimmilk powder to creep 

rations for suckling pigs and at pre sent there are limited 

supplies of fish meal . Meat and b one meal remains an 

attractive substitute with its lower price , although there 

is a significant reduction in the quality of protein 

supplied . Therefore it would b e  an advantage to study the 

protein supplementation of maize diets for growing pigs and 

to investigate the us e of meat and b one meal as a maj or 

supplementary c omponent . This  then becomes basically a 

prob lem of nutrition and production economics : of nutrition 

in a thoro,�gh knowledge of performance in relation to 

different ration formulations , and of production economic s  

in finding that level o f  animal performance which i s  most 

desirable in economic terms . 

The acreage of mai ze grown in New Zealand for grain 

production has shown a marked increas e in recent years , and 

has b een very rapid in s ome areas (Table A1 . 1 ) .  An 
important factor in this increas e has been the demand for 

maize by the poultry industry . 

With the increasing availab i lity of maize grain , and 

the need for data relevant to the formulation of diets bas ed 

on maize and us ed under local conditions , it was dec ided to 

embark upon a programme of investigation into the suitability 

of  maize as a maj or ingredient in swine rations and how it 

c ould be inc orporated into an effic i ent ration formulation 

procedure . A supply of opaque-2 maize also  became available  

from s eed supplied to  the Mas sey University Agronomy 

Department from the United States .  

The princ ipal obj ectives of  the study to be desc ribed 

may be enumerated as follows : 

1 . To provide a c omparis on b etwe en opaque-2 and normal 

hybrid maize in diets containing meat and bone meal 

as the s ingle protein supplement . 

2 .  To attempt to establish the essential amino ac ids which 

are l imiting the performanc e of animals fed a maize/ 



meat and bone meal diet by supplementation with 

synthetic lys ine , methionine and tryptophan . 

Als o , whether the two maize types differed in thi s  

respect . 

J . To investigate a poss ible relationship between growth 

performanc e and the retention of dietary nitrogen ( N )  on 

these experimental diets. 

The investigations to be described are intended to b e  

only a part o f  the work necessary to provide informati on for 

the efficient utilization of maize ( and meat and bone meal ) 
in rations J'or growing pigs . 



CHAPI'ER 2 : THE PROTEIN AND AMINO ACID 

NUTRITION OF THE GROWING PIG 

2 . 1 INTRODUCTION 

4 .  

Res earch in the field of animal nutrition in the las t 

c entury has yie lded comprehens ive information in qualitative 

and quant itative terms on the requir ement s of animals in 

various physiological states . One of the earliest and 

subs equently mos t  useful attempt s at chemically s eparating 

out feed const ituents which relat ed t o  animal requirement s 

was introduc ed approximat ely 1 00 years ago by Henneberg and 

S t ohmann , working at the Weede Experimental S tation in Germany. 

It  was t ermed the " Proximat e Analys i s  of Feed s "  and divided 

the diet  int o s ix fractions : mois ture , ash , crude pro t e in ,  

ether extrac t , crude fibre and nitrogen free extrac t (by 

d ifferenc e ) . However , it soon became apparent that although 

the Proximat e Analysis was us eful in some respec t s  for 

c omparing feeds , because of the het erogenous nature of thes e  

c at egories , more sophist icat ed descript ions became necessary . 

Not only have the various c onst ituents of the diet , necessary 

for normal b ody func t ion , b een sub s tantially described , but 

there has als o  d eveloped an increasing awareness that these  

ingredients c annot be  considered in isolat ion t o  each other. 

Diet ary c ons t ituents oft en show int er-relat ionships which in 

c ertain situations become important in determining the 

nutrit ional adequacy of a diet . 

The following discuss ion will be relat ed specifically 

t o  the protein ( and amino acid ) requirement s of the growing 

pig . The growth period may b e  defined as the period from 

weaning to approximat ely 1 00 kg live weight , with part icular 

emphas is  on the period up to 50 kg. Where necessary , this 

aspe c t  of nutrit ion will b e  cons idered in relat ion t o  o ther 

dietary c ons t ituents . However , as a general as sumpt ion and 

unle s s  otherwis e  s t at ed , the performanc e of the animal as 

influenc ed by the supply of prot ein will be discus s ed in the 



c ont ext of a dietary regime supplying all other nece s s ary 

nutrients in amount s which allow opt imum performanc e 

(however that may be defined ) . 

2 . 2  PROTEIN AS A DIETARY CONSTITUENT 

Different dietary proteins had long been known t o  

influenc e the rat e of live weight gain in young anJmals  

(Magendie , 1 84 1 a ) , but Osb orne et  al . ( 1 91 9 ) were the first  

t o  s tandardi s e  a method us ing this  c ri terion as  an index to  

c ompare the nutritive value of  dietary prote ins . They 

init ially def'ined the " Protein Efficiency Rati o "  ( PER ) as 

the amoun t of b ody weight gain per uni t  weight of pro t ein 

5 · 

inge s t ed ,  wjth certain c onditions specified . Thomas ( 1 909 ) 
had earlier obs erved that the ab ility of dietary pro t e in 

t o  maintain normal body func tion was related t o  the proportio­

nat e  amount of N in the diet which was retained in the b ody . 

He introduc ed the t erm "Biological Value " (BV ) as an ind ex 

of prot ein quali ty .  Thus the ab ility of dietary prot ein 

to influence the growth and N metab o l i sm in t he young animal 

was recogni sed in these early attempt s to clas s ify pro t eins . 

B oth BV and PER have been modified s inc e these  early s tudies , 

and many addit ional methods have been present ed , but t o  the 

pres ent day they have played a maj or role in the development 

of understanding in protein nutrit i on . Thes e  two measures 

of protein quality are mentioned here as they form the basis  

of the cri teria s tudi ed in  the experiments t o  be  describ ed .  

Variat ions in the nutrit ional value of dietary prot eins 

was recognis ed by such early workers as Megandie  ( 1 84 1 b ) , 

but i t  was not until  Loewi ( 1 902 ) first showed that fract i ons 

of proteins c ould replace dietary prot ein that invest igations 

b egan into the c omposit ion of pro t e ins in feed . Und ers tanding 

of the role of protein in human and animal nutrition paralleled 

b iochemical progress in determining the primary s tructure of 

pro t e ins as chains of animo ac ids joined by peptide linkages . 
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The early methods of relating N intake t o  animal 

performance ,  such as BV and PER , recognised nutritional 

d ifferenc es between prot eins , but cons idered them as a s ingle 

ent ity . Investigations into the amino acid make-up of 

prot eins was begun by workers such as Hopkins ( 1 91 6 ) ,  Osbo rne 

and Mendel ( 1 91 4 ) , and Ros e  ( 1 937 , 1 93 8 , 1 949 ) . Abderhalden 

( 1 91 2 ) put forward an init ial hypothesis  that a feed pro t e in 

b ecame more favourable nutritionally t o  the animal with 

greater similarity between the feed protein and b ody prot e in .  
I 

Osb orne and Mendel ( 1 91 4 )  modified this c oncept t o  put 

importanc e upon those amino ac ids which the animal was unab le 

to synthesize and therefore had to  be provided in the diet . 

Us ing rat s as the experimental animals ,  tryptophan , lys ine 

and hist idi11e were the first  shown t o  definitely indispensable 

c omponents of feed , but as  purified amino ac ids became avail­

able phenylalanine , leucine and isoleuc ine , threonine , 

methionine , valine and arginine were t entat ively added t o  this  

list  for  the growing rat ( Osborne and Mendel , 1 91 4 ) .  The se 

w orkers used zein extrac t ed from mai z e  endosperm as  the prot ein 

frac t i on in the diet  and showed that b oth lys ine and trypt ophan 

were needed as supplements't o promot e  growth . 

As techniques for the qualitat ive and quant itat ive 

measurement of amino acids b ecame available , the pat t ern of 

amino ac ids in feed prot e ins was found to vary great ly , a 

notab l e  example b eing zein , which was found t o  b e  very low in 

lys ine and trypt ophan relat ive to many other proteins ( O sb orne 

and Clapp , 1 907-08 ) .  Amino acids were c lass ified into 

d ispens ible and indispens ible cat egories for the growing rat , 

and there followed a great deal of research effort direct ed 

at determining the minimum levels of each of the ess ent i al 

amino ac ids required in the diet for this species  (Ros e , 1 937 ) . 

I t  was point ed out that various fac t ors such as age , weight , 

s ex and other c ons t i tuents in the diet  c an influence minimum 

requirement s .  An amino ac id was d efined as being indispensable 

when its  exc lus ion from the diet  would not allow for opt imum 

growth . Growing rat s showed an ability to  survive on d i e t s  

d evoid o f  arginine , but a s  normal growth rate s  c ould n o t  b e  

achieved , this amino acid was c lass ified as essential f o r  the 

growing rat . 



After thes e  initial investigations had demons trat ed 

that the monogastric animal ass imi lat e s  dietary prot ein as 

the constituent amino acids and that s everal of these  c ould 

not be synthes i zed by the rat , there were at t empts t o  

charact erise the amino ac ids for other species and deter-

mining their minimum requirements .  Initial investigati ons 
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relating to  the amino acid nutrit ion of the pig were 

c onduct ed by Mert z and eo-workers ( 1 952 ) . Since that t ime , 

the Nat ional Res earch Counc il  (NRC ) and the Agricultural 

Res earch Council  ( ARC ) of Great Britain have reviewed the 

relevant literature at d ifferent t imes and pub li shed 

recommended nutrient requi rements for pigs (NRC , 1 944 , 1 950 , 

1 95 3 ,  1 959 , 1 964 , 1 9 68 ; ARC , 1 967 ) . Rerat and Lougnon 

( 1 9 68 )  have charact eris ed the 1 9  common amino ac ids found in 

dietary proteins ac cording t o  availab le  evidence int o 

e s s ent ial , semi-es s ent ial , and non-ess ential categori es 

(Table  2 . 2 . 1 ) .  

TABLE 2 .  2 . 1  

E s s ent ial 

Amino Acids 

Arginine 

H i s t id ine 

I s o leucine 

Leuc ine 

Lys ine 

Dietary amino ac ids charac t erised for the 

growing pig ( taken from Rerat and Lougnon , 

1 9 68 ) . 

Semi-essential 

Amino Ac ids 

Non-essent ial 

Amino Acids 

M ethionine--------------- Cystine 

Phenylalanine------------ Tyros ine 

Threonine 

Alanine 

Aspartic  acid 

Glutami c  acid 

Glycine 

Hydroxyproline 

Proline 

S erine 

Tryptophan 

Valine 

Th� pig product ion systems of America , as c ompared t o  

Europe and Britain , differ principally in that the former 

prac t i c e  ad lib i tum feeding , while in the lat t er countries  



pigs are usually res tricted t o  a feeding scale based upon 

l ive weight for mos t of the growth period . With the 

c ons equent differenc es in produc tion objective s , and als o  

s ince the response o f  animals to  dietary prot ein can b e  

influenc ed by feed intake ( Sect ion 2 . 3 . 7 ) , the pub lished 

work relat ed to res t ricted feeding syst ems , as is prac t i c ed 

in New Zealand , i s  given great er emphas i s  in the following 

revi ew .  The work published by the ARC ( 1 967 ) i s  the mos t  

c omprehens ive review t o  dat e of the pro t ein and amino ac id 

requirement s of the growing pig under restric t ed feeding 

8.  

sys t ems . No effort will b e  made to  expand on this thorough 

r eview , but part icular prob lems relat ing to the as s essment 

of prot e in and amino ac id requirement s will b e  high-light ed , 

with referenc e also to  recent studies related t o  this aspect 

of pig nutrit ion .  

2 . 3  PROBLEMS IN ASSESSING THE PROTEIN AND AMINO ACID 

NEEDS OF THE GROWING PIG 

There are prob lems as sociated with ass e s s ing the nutrient 

requirement s of animals and man ( Cuthb ertson , 1 970 ) . As 

res earch has cont inued int o the prot ein nutrition of the grow­

ing pig , many fac tors have b een described which influenc e the 

animals response t o  a dietary prot ein . Any fac tor which 

influences the requirement of an animal for a part icular 

nutrient must necessarily interac t with the metabolism of the 

b ody so that ut i l ization is affected in some way . Therefore 

i t  is c onveni ent to dis cuss such influences in the cont ext of 

the difficulties whi ch aris e  in att empt ing to describe protein 

and amino ac id requirement s .  

2 . 3 . 1  Crude Protein as an Index of Dietary Prot ein Co�tent . 

The most  common method of clas s ifying the prot ein c ontent 

of feedstuffs has b e en t o  multiply the nitrogen c ontent by a 

fac t or relat ed to  the estimat ed N c ontent of the prot eins in 

the feed under cons iderat i on .  Such an approach involves 

c ertain assumptions which are not always correct  and overlooks 

the maj or nutrit ional func t ion of feed proteins ( t o  supply 

amino ac ids ) . In terms of estimating the amount of pet ide N ,  
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the factor  6 . 25 i s  s atisfac tory for the c ommon feedstuffs 

used in pig nutrition (Wallac e , 1 959 ) . However there 

are inst anc es where this should be  varied (FAO , 1 970 ) . 

There is a tendency for the Kj eldahl method t o  underes t imat e N 

c ont ent (Martin and Skyring , 1 962 ) , and also , N apart from 

amino-N c an be diges t ed (Fleck and Munro , 1 965 ; Bigwood , 1 972 ) . 

The principal nutrit ional value of prot e in t o  the animal i s  

i n  supplying essent i al amino acids and N for the synthes i s  

of the dispensable  amino acids (Rose , 1 938 ) .  An express ion 

o f  the amino ac id content as crude prot e in ignores the 

c ontribut ion that any particular protein makes to the supply 

o f  amino acids , especially the essential amino ac ids . There-

fore it is  not surprising that at t empt s t o  describe  the c rude 

protein requirement for the growing pig have shown widely 

varying c onclus ions ( ARC , 1 967 ) . 

The inadequacy of per c ent crude protein as a descript ion 

o f  the protein regime of a diet (Barber et al . , 1 964 ) i s  

c learly illustrat ed by the experiments  o f  Kropf e t  al . ( 1 959 ) 

and Woodman and Evans ( 1 951  ) .  The same problem had b een 

menti oned much earli er by Osborne and Mendel ( 1 91 4 ) .  Kropf 

and e o-workers were able t o  demonst rate that dietary crude 

protein levels can move quite  independent ly of resultant 

animal performanc e (Table 2 . 3 . 1  . 1  . ) .  

TABLE 2.3 . 1  . 1 . The effect of prot ein level and quality on 

pig performanc e over the range 1 8-68 kg l ive 

weight . (Adapted from Kropf et al . , 1 959 ) . 

Prot ein Level 

�rude Pr<;>tein __ 1 6�A 1 6 �B 1 2 �C 

Amino Ac id Balanc e + "s:ood" " :eo or" " B:OOd" 

Days on exp . (mean ) 72 . 5  98 . 0  73 . 0  
Average daily gain ( g � 648 476 644 
K g  feed/kg gain (mean 3 . 34 J . 8J J . 38 
% lean cut s - barrows 50 . 98 4 9. 52 48 . 81 

- gi lts  5 3 -76 51 . 87 50 . 79 
% fat cuts 32 . 57 JJ . 69 34 . 86 

+ Bas ed upon the recommendati on of the NRC ( 1 953 ) . 
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Reducing the c rude prot e in from 1 6% to 1 2% ,  but main­

t aining a " good"  amino ac id balanc e , re sulted in very s imilar 

l ive weight gains and food c onvers i on efficiencies . However 

the indi c e s  of carcas s quality used show a widening of  the 

fat/lean ratio  in the carcas s  at the lower crude pro t ein 

l evel . Maintaining the crude prot e in level at 1 6% ,  but 

u sing prot e in source s  of lower quali ty , result ed in a lower 

growth rat e and carcasses  of poorer quali ty .  Using the 

d i etary levels of lys ine , methionine , cys t ine and tryptophan 

quot ed , Morgan and Robinson ( 1 962 ) applied the method of 

Waddell ( 1 95 8 )  for ass e s s ing amino ac id b alanc e and the results  

are  shown in Table 2 . 3 . 1  . 2 .  

TABLE 2 . 3 . 1  2 Dietary amino acid balanc e of  diets  us ed 

by Kropf et al . ( 1 959 ) . (Taken from Morgan 

and Robinson , 1 962 ) . 

Amino .Aci d  AA reqmt . Propns . of 

( AA ) % of diet + AA ' s (Tryp . =1) 

AA content 
of 

diet s . 

Propns . of the 

AA ' s ,% of reqmt . 

L-lysine 1 .  0 

D L-me thi onine 
+cystine 0 . 6  

DL-tryptophan 0 . 2  

5 . 0  

3 . 0  

1 • 0 

A B c A B c 

0 . 78 0 . 41 0 . 53 9 1  63  90 

0 . 57 0 . 56 o. 4 3  1 1 2  1 4 o 1 1 0  

0 . 1 7 0 . 1 J 0 . 1 3 1 00 1 00 1 00 

+Recommendat ions of the NRC ( 1 953 ) .  

Thi s  shows that the balance of amino acids in rati ons 

A and C is very s imilar and differs c ons iderab ly from that in 

ration B .  Waddell ' s  method of calculati on i s  probably an 

over-s implification of a c omplex s ituati on (Morgan and Robins on , 

1 962 ) ,  but it  does s erve to  highlight the fac t  that rati on B 

c ontains very low levels of lysine in c omparis on t o  the 

methionine plus cys t ine and tryptophan levels  in this  diet . 

Obvious ly the abs o lut e levels of the e s s ent ial amino acids , 

as  well as  their balanc e in relation t o  each other , will  need 

t o  be  c ons idered in as s e s s ing the nutrit ive value of  a dietary 
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pro t ein .  Despite  thi s  work ,  crude prot ein levels are still  

widely us ed to  describ e  the pro t ein frac t i on of pig diet s , 

and the above discus s i on may be a partial explanation for 

s ome of the disparities  between expec t ed animal performance 

and dietary crude prot ein levels (ARC , 1 96 7 ) . 

Rec ent reports on crude prot ein levels in pig diets  

inc lude tho s e  of Cooke et  al . ( 1 972a ) , who investigated the 

response of growing pigs ( 2 3-59 kg 1. wgt . ) to prot ein level 

in diets  of high dige s t ible energy (DE ) ( 3 500 kcal DE/kg) , 

when the amino acid balance was maintained relatively c ons t ant 

and feed intake was c ontrolled to the same level for all 

d i e t s . Using only gilts , they c oncluded that rec ommendat i ons 

for  dietary crude pro t e in vari ed acc ording to criteria 

( S ec t ion 2 . 3 . 2 ) . With the predict ion equat ion specified , 

they c oncluded that the b est  feed into lean effic iency 

o c curred with a 22 . 5% crude pro t ein ( CP ) diet , while best  

efficiency of dietary pro tein int o carcass pro t ein was on 

the diet  with 1 7 . 5% CP . Maximum growth rat e and feed 

c onversion effici ency o c curred at 1 7 . 5% CP , so the best  

effic iency of ut ilizat i on of energy and protein appeared to  

be  attained at  higher values . However , in the economically 

more s ignificant terms of maximum daily lean deposit ion and 

feed requirement s per unit  of lean ,  the t rend was for the 

b es t  performance on diets  of 22 . 5% CP . Such d educ tions mus t  

b e  relat�d t o  the sourc es o f  protein and the equations used , 

but do s erve the us eful purpos e of c onsidering the efficiency 

o f  using the maj or dietary ingredient s in terms of the 

c ompos it ion of the saleable carcas s . 

Jones et al . ( 1 962 ) showed that two diets  with a 

d ifference in crude protein level of so%, but with s imilar 

energy c ont ent s { expres s ed as TDN); produced similar live 

weight gains and carcass compos i tion figures .  Unlike the 

experiment described previously , there was no attempt to main­

tain amino acid balance and they relat ed the s imilarity t o  

t h e  levels o f  lysine in thes e  respec tive di ets  .• 

. +TDN = Total Digest ible Nutri ents .  
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Thes e  experiments illustrate the compl ex s i tuation 

whi ch can occur when c rude pro tein values are c onsidered in 

relat ion to  s everal indic es of performanc e .  Als o , animal 

response can often be  related more dire c t ly t o  the level of 

c er tain amino acids in the diet . 

2 . J . 2 .  Criteria used in Making Rec ommendati ons 

In s tat ing a particular nutrient requirement , the 

crit eria which are us ed t o  describ e  " adequat e "  performanc e 

mus t  be carefully eluc idated . Variabi lity b e tween experi-

ment ers and b etween countri es in this regard will account 

for s ome of the di fferenc es in recommended requirements 

enc ountered by reviewers (ARC , 1 967 ) .  Live weight gain 

( LWG ) , feed conversion efficiency (FCE , weight of feed used/ 
uni t weight of LWG ) and measures of  carcas s  quali ty ( c entred 

princ ipally around the ratio of fat to lean meat in the 

carc as s ) have been the most  common criteria us ed to  investi­

gat e  the prot ein and amino ac id requirement s for the growing 

p i g .  Ni trogen retent i on , as me asured by the balance method 

or from carc as s analys i s  has also been used . 

One pat tern which has become apparent from s tudies 

us ing LWG as the criterion i s  that maximum growth performanc e 

i s  approached asympto t i c ally . With the att endant experi-

ment al errors involved , this makes the definition of a require-

ment in narrow terms very difficult . From the data presented , 

often an experiment er i s  justified in s tating the requirement 

as a range only . 

Where s everal cri teria are being us ed , the mos t  

d e s i rabl e  performanc e a s  spec ified by such c riteria may result 

in different recommendations (Rerat and Lougnon , 1 968 ) . The 

mos t  common observati on in experiments with growing pigs is 

a c ont inued improvement in carcass quality with no c oncomitant 

increas e  in LWG or FCE as the nutritional value of the di e t  

in terms o f  the supply of  amino acids is  improved (Robinson 

and Lewis· , 1 964 ; Cooke et al . , 1 972a ) . That is , LWG and 

FCE can reach an optimum at a particular CP or amino ac id 
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l evel ,  whi le carcas s quality c ont inues t o  improve with 

inc reases  above this lev e l . The work of Barber e t  al . 

( 1 964 ) , Barber et al . ( 1 96 8 ) and Braude et  al . ( 1 96 9 ) do no t 

demonst rat e these changes in carcas s quali ty at higher 

nutrient intake levels , but no explanati on for thi s  dis­

crepancy has b een given ( Cooke e t  al . , 1 972a ) . The 

dec i s ion on a particular stat ed requirement therefore bec omes 

a decis ion on the weight which should b e  plac ed on the 

various criteria . For example , Cooke et  al . ( 1 972a ) 
c ons idered that maximum daily lean depos i t ion and feed 

requirement per unit of lean ( as calculat ed ) was economically 

more s ignificant than maximum LWG or FCE . A DE t o  CP rat i o  

of 1 60 was therefore taken for their subs equent experiments 

on the inter-relationships between prot e in and energy . 

Measurement s under scient ific c ondit ions may show an increas e 

in the lean cont ent of the carcas s  from a change in the pro­

t ein or amino ac id c ont ent of the ration , but unless  thi s  i s  

reflected i n  the c ommercial returns t o  pig produc tion there 

is no jus t ification apart from the absolute values as such , 

in us ing such informat ion to  s t at e  requiremen t s. Ult imately , 

with commerc ial pig meat produc tion ,  requirement s for 

individual food nutrients  must be relat ed t o  the produc tion 

ec onomics  prevailing in a particular c ountry or are a .  

Therefore it  is o f  interest t o  not e  that Dent et  al . 

( 1 970 ) used an ec onomic analysi s  with mult ivariate regress ion 

and taking the j oint ob j ect ives : total cost  of product ion , 

·spe ed of gain and quality of gain as a basi s  for the analys i s  

o f  their r esult s . Although the accuracy o f  their response 

relat ionships need further experimental support , thi s  

c omprehensive work should provide a good bas is for resolving 

the conflic t s  which have traditionally ari s en in s t at ing 

nutrient requirements for animal production syst ems . 

Nitrogen metabolism s tudi es by the nitrogen balanc e 

method ( Jones et al . , 1 96 1 ; Jones et  al . ,  1 962 ; Carr and 

Dunkin , 1 96 9 ) and by c arcas s analysis  ( Os lage , 1 962a and b ) 
have been used to  supplement growth s tudies in growing pigs . 

The ARC ( 1 967 ) have reviewed ni trogen ba lance s tudies  related 

to prot ein and amino ac id requirement s .  However , b ecause 



both methods are labour-demanding and expens ive , they have 

not been widely used to determine protein and amino ac id 

requirement s in young pigs . When the effic iency of 

ut ilisat ion of dietary N from N balanc e experiment s is 

compared with growth and carcas s quality work , c onflicts  
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can aris e  in reaching the optimum for each of the s e  crit eria 

at a c ommon nutri ent intake . In the work of Robins on e t  al . 

( 1 964b ) , although not all the treatments us ed to  obtain LWG , 

FCE and c arcas s quality results  were represent ed in the N 

balance experiment , there i s  the sugges t i on that effic i ency 

of N ut ilisat ion increases with decreasing crude protein 

level . Th is  effect was more pronounced at heavier live 

weights ,  although a stat i s tical analysis  was not att empt ed . 

Crude pro tein levels of 1 4  and 2 o% were c ompared on the N 

balanc e experiment , and a higher growth rate , improved 

effic i ency of feed conver s ion , with indications of an 

increas ed lean t o  fat rat io  in the carcas s occurred at the 

higher crude pro t ein level in the growth experiment . 

Although Cooke e t  al . ( 1 972 ) did not conduct balance experi­

ment s , on the bas is  of the calculat i ons us ed , they conc luded 

that the efficiency of protein ( and energy) ut ilisation 

was highes t  on the two lower protein diets and declined with 

increas ing dietary prot ein level .  However growth rate 

cont inued t o  improve up t o  a crude pro tein level of 22 . 5% , 

although the increase above 1 7 . 5% were not signifi c ant. 

Total di s s ec t ion of one s ide of the carcass  al so  showed an 

improved rati o  of  lean t o  fat with increasing protein level . 

The calcul at ions of Lucas and Miles ( 1 970 ) sugge s t  that the 

effic iency of conversion of crude protein and lys ine int o  

economically important lean tis sue decreas es as the pro t ein 

level of the diet  increas es . Thes e  experiments again 

serve to  illus trat e that th e mos t  effi cienc t utilisat i on of 

dietary prot ein usually does not c oincide with opt imum 

performanc e acc o rding t o  o ther crit eria . 

An early method sugges ted for determining amino acid 

requirements was bas ed upon t i s sue analysis (Mit chell , 1 950 ; 

Williams et al . , 1 954 ) . Eric s on ( 1 96 1 ) discusses  the disad­

vantages of the t is sue analysis  method and they all aris e  
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from the po s s ibility that not all the e s s ential amino acids 

pres ent in the diet will be uti lis ed for protein synthe s i s . 

Relating c alculat ions t o  the e s timated requirement for a 

s ingle amino ac id such as lys ine from nutritional t rials 

also introduces  pos s ible error due to differential utilisa­

t i on between amino acids . 

In estimating the requirement s for individu�l amino 

ac ids , plasma amino ac id level s  have recent ly c ome into 

prominenc e as a method att empt ing t o  as certain the adequacy 

of a particular amino acid intake . Early s tudies  relat ing 

the c oncentrat ion of plasma am ino ac ids to the c omposit ion 

of dietary protein are reviewed by Longenecker and Haus e 

( 1 959 ) and Longenecker ( 1 963 ) . Git ler ( 1 964 ) however gives 

reasons why caution mus t  be  taken in r elat ing plasma amino 

ac id levels  to  the pat�ern of amino ac ids being abs orbed 

from the diet . Thirumurthi and Longenecker ( 1 966 ) dis cus s 

the Plasma Amino Acid rat io as a method for det ermining 

amino ac id requirements , but sugges t  that reliability of the 

data obtained needs to be evaluated from growth s tudies . 

Comprehens ive work has b een conduc ted to find the mos t  sui t­

able method for sampling plasma (Nordstrom , 1 964 ; Typpo , 

1 964 ; Windels , 1 964 ; S t ockland et al . , 1 971 ) . The work 

of Bravo e t  a l . , ( 1 970 ) and S owers and Meade ( 1 972 ) sugges t  

that amtno ac id requirement s d erived from plasma levels o f  

free  amino ac ids agree c los ely with thos e  calculat ed from 

growth rat e and effic iency of feed c onvers ion dat a .  All 

the published work has been conduct ed in the U . S . A .  under 

ad libitum feeding condit ions . However the pres ent 

evidenc e gives promis e  t o  the use of this method under a 

wider range of feeding c ondit ions . Relat ionships between 

plasma amino ac id levels , growth performance ,  nit rogen 

retent ion and carcass c ompos i t ion crit eria will need to b e  

more fully established before requirement s bas ed upon the 

broken line response  curve for amino acid c oncentrations can 

be  accept ed with confidence .  



2 . J . J Simultaneous Changes in Dietary Nutrient Levels . 

The as ses sment of requir ements according to  s ome 

crit eria is als o  compli cated by the fac t  that often the 

proport ion of one ingredient in the mixed diet is changed 

with the obj ec t  of altering the animal ' s  intake of a 

particular nutrient . However ,  because of the compo s i t i on 

of many of the s e  ingredient s ,  the resultant change can b e  

in quite a number of nutrients apart from the one under 

study . 
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This is particularly impor tant in s tudies on the prot ein 

nutrition of th e growing pig,  where oft en a change in the 

pro t ein N level of the diet  is accompani ed by a change in 

the quality of protein or balanc e of  amino ac ids abs o rb ed 

by the animal ( ARC , 1 967 ; Blair e t  al . , 1 96 9a ) . It i s  

common prac tice  for the crude pro t e in level of the diet  t o  

be  alt ered by a change i n  the amount o f  high pro tein conc en­

trat e relat ive t o  s ome c ereal bas e .  Since c ereal prot e in 

is generally of lower quality than that of pro tein c onc en­

trat es  (usually of animal origin ) , an increas ed crude protein 

cont ent of the diet is  acc ompanied by an improvement in the 

balanc e of e s s ential amino acids . Therefore the interpreta-

tion of treatment effe c t s  due to changes in c rude pro tein 

levels is  confounded wi th the changes  in prot ein quali ty .  

For example , Jones  et  al . ( 1 96 1 ) needed to as sume lit t l e  

differenc e between the protein quali ty o f  ground barley and 

fine millers offals for the young pig ,  as the rati o  of thes e  

two c ons t i tuents varied b etween t es t  diets a s  crude prot ein 

levels  were alt ered . 

Recent workers have at tempted to  overcome thi s  problem 

by supplementing diets  with synthet ic amino acids t o  maintain 

the balance of the expec t ed critical essential amino acids 

( Cooke et al . ,  1 972a ) . This is  done acc ording to  the 

analysed composit ion of the ingredient s us ed and thi s  involves 

c ertain assumptions which are outlined in a following s ection 

( S e c tion J . J . 4 ) . Reali s ing the importanc e of certain 

ess ential amino ac ids whi ch may be limit ing in conv entional 



rati ons , it is  difficult t o  understand why such workers 

should maintain the concept of c rude protein as the only 

means of clas s ifying the N content of r ations and how such 

fac tors as energy influenc e  N metabolism .  Pos sibly a more 
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meaningful approach in nutritional terms would be  t o  examine 

the level of individual ess ent ial amino acids , particularly 

thos e  predic t ed to be the most  limi t ing to protein ut ilisation , 

and how environmental , nutritional and genet ic fac t ors may 

influenc e the animal ' s  response t o  such levels (Bellici , 1 96 1 ) .  

In addi tion to the quantitat ive changes which may oc cur 

in th e dietary protein fract ion as the proportion of a pro t e in 

conc entrate is  al t ered , th e fo llowing table shows s ome of 

the changes which oc cur as the proportion of meat and b one 

meal i s  increas ed on a rat i on bas ed upon barley (Table 2 . 3 . 3 . 1 . ) . 

TABLE 2 . 3 . 3 . 1 

Component 

Barley meal 

Meat and bone 

Crude protein 

Lys ine 

Lys ine/CP 

Calc ium ( ea 

Phosphorus ( P ) 
Ca/P 

Some changes in the nut ri ent c ompos it i on 

of a barley-bas ed diet  as t he proport ion 

of me at and bone meal is  increas ed .
+ 

Experimental Diet s 

Uni t  1 2 3 

% 82  76 70 

me al % 1 8  24 30 

( cP ) % 1 8 20 . 5  2 3  

% 0 . 7  0 . 83 0 . 96 

3 . 89 4 . 05 4 . 1 7  

% 1 .  8 2 . 4  3 . 0  

% 0 . 70 0 . 83 0 . 96 

2 . 57 2 . 89 3 . 1 3  

+ 
Data from an experiment c onduct ed at the Mass ey Universi ty 

Research Centre . 
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These  figures show that as the c rude protein c ontent 

of the d iets  is increased , the relative content of lysi ne , 

which i s  likely t o  be an amino acid l imiting to  growth on 

such diets , (Braude and Lerman , 1 970 ; Blair et  al . ,  1 970 ) 
i s  increased . Thi s  suggests  a change in pro tein quality 

as the crude protein level changed . 

Beames and Sewell ( 1 96 9 ) recognised the problem of 

s imultaneous changes of nutri ents in the ir work on energy/ 
prote in ratios . The ARC ( 1 967 ) pres ent a review of litera­

ture inves tigating the influence of the Ca/P r�tio on pig 

performance . Although the evidence is  conflicting , they 

conc lude that under certain c ircums tances , the abs o lute and 

relat ive amounts of the s e  two e lements  can affect  growth 

( particularly where the levels of Phosphorus or Zinc are low 

compared to requirements ) . Ca/P ratios  are changing as the 

CP level is altered in the above table . Therefore there 

is the pos s ibility that any difference between these diets  

may not  be  due so lely t o  a change in  the CP level . E s s enti-

ally the only accurat e interpretat i on of e ffec t s  i s  in  

terms of  a changing proportion between barley and meat and 

bone meal with s everal fact ors changing s imultaneous ly , s ome 

of whi ch have be en mentioned but are of unknown importance .  

2 . J . 4  The Int eraction of Dietary Protein and Amino Acids 

with o ther Dietary Constituents 

Specifying the c ondi t ions under  which a particular 

pro tein or amino acid requirement is estimat ed inc ludes the 

levels  of other nutrients in the diet  s ince s everal protein­

nutrient int erac ti ons have been sugge s t ed .  

2 . J . 4 . 1  The Relat ionship between Protein and Energy Intake 

Pro tein synthes i s  i s  an energy dependent proces s 

and therefore energy intake can ult imately become limit ing 

in the utilisati on of dietary pro t e in apart from the balance 

of amino acids in the protein . Munro ( 1 964b ) has dis cus s ed 

the influence of  energy intake upon N utilisation .  Feed 

protein can als o be used as a s ourc e  of energy via deaminati on 
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of amino acids . Fact ors which affect the balance of 

c atabolism and anabolism when energy intake is restricted 

have been outlined as : the ext ent of the  energy res tric t i on , , 

the quanti ty and nutr i t ional value of the dietary pro t ein , 

the physiological s tat e of the animal with r espect  to  body 

reserves of prot ein and fat , the age or weight of the animal 

and in c ertain instances  the dietary sources  of energy 

( Swanson , 1 95 9 ) . When the animal i s  unable t o  c onsume 

sufficient energy yielding constituents apart from prot ein , 

d i etary amino acids which could be us ed in pro tein anabolism 

under an adequate energy regime , can be d eaminated and us ed 

as a s our c e  of energy . This  i s  b ecause of a preferential 

us e of dietary components to s upply energy ne eds before other 

requirement s .  The result i s  a reduc ed utilisation of dietary 

protein fo r body pro t e in synthesis , and with the usual c ons e­

quent lowering of growth rate in young animals ,  the ability 

of the dietary protein to support growth is reduc ed . 

Therefore i t  becomes necessary to supply adequate energy 

yielding c ons tituent s such as carbohydrate and fat to  allow 

for maximum utilisat ion of the amino ac ids in the feed . 

The detrimental effec t an insuffic ient supply of energy has 

upon dietary pro tein uti lisation is to b e  dis t inguished from 

that frac t i on of the prot ein which is us ed as an energy 

s ource in the animal ' s  metabolism under an adequate energy 

regime . Dietary amino acids will be ab s orbed into the blood-

s tream and arrive at the s it e s  for prot e in synthesi s  in 

proportions which usually do not allow c omplete  utilisation 

o f  all the amino ac id s . As the amount and balance of 

e s s ential amino acids which arrive at the anabolic  s i tes  

becomes more aligned to  the animal ' s  requirements for the s e  

giv en amino acids , then the proportionat e  utilisat ion o f  

dietary protein for energy purposes  is  l ike ly to  decreas e . 

It  i s  now well established that under normal dietary 

c ondi t ions , animals regulate the ir feed intake according t o  

c aloric needs ( Clawson et  al . ,  1 962 ; Morrison , 1 964 ) . 

Thi s  i s  demons trat ed by an alt ernat ion in intake when animal s  

are fed ad libitum d iets  of changing energy dens ity so  that 



energy intake remains approximately c onstant ( ARC , 1 96 7 ) . 

Therefore there i s  a s ound biological bas is for relat ing 

requirements for essent ial nutrient s t o  caloric intake 

( Cole et  al . , 1 96 7 ; Crampt on , 1 964 ) . 

20 . 

In reviewing the literature on prot ein-energy relat i on­

ships in animal nutrition up to  that t ime , Cos tain and Morgan 

( 1 96 1 ) co mment that the information avai lable for pigs was 

s t i ll " rather fragmentary" although the large vo lume of work 

in pro tein nutrit i on for poultry had been reviewed (Gu¥ridge , 

1 958 ; Coombs , 1 962 ) . The report s involving the energy­

pro t ein re lati onships in pigs were without exception using 

ad libitum feeding condit i ons . There were c onflict ing 

reports of pro t ein-energy int erac ti ons being s ignificant , 

with younger pigs showing a greater t endency for significant 

interact ions . In dis cus s ing the ir own experiment , Cos tain 

and Morgan ( 1 96 1 ) point out the s imultaneous alterat i on in 

variables  which o ccurred in the formulation of the experi­

mental diets  s o  that int erpretation of the results  was made 

more c omplex . They deduc e from the data that the lys ine 

level in the rat i on was a better indicat or of animal 

performance ,  ( in terms of growth rat e ) , than the rati o  of 

energy to prot e in over the 23-45 kg live weight peri od . 

Similar c onc lusi ons were reached by Robinson et al . ( 1 964a ) . 

C o oke et al . ( 1 972a ) at tempted t o  minimis e  any varia­

tion in prot ein quality whi ch oc curred with changes in crude 

prot ein levels by supplementing with synthe tic  amino acids 

in their study of protein/energy relationships . Their 

resul t s  did not sugges t  a prot ein-energy int erac t ion exis t s  

within the normal range o f  energy and protein intakes ,  

although there was a trend for maximum growth rat e and feed 

c onvers ion effic i ency t o  b e  achieved with higher crude 

prot ein levels as the energy level was increased . In 

experiments wi th the finishing pig ( 4 5-92 kg ) , Robinson and 

Lewis ( 1 964 ) found no s ignificant differences  between diets  

containing four different protein levels and two energy 

levels with a c ommon feeding s cale , in terms of LWG and FCE . 

The expec ted deleterious e ffec t of high energy diets  upon 



c arcass quality could be partially offset  by an increas e 

in the crude prot ein level . In sugges t ing that best  

performance was recorded with a finishing diet c ontaining 

1 6% crude prot ein with 2950 kcal DE/kg and 0 . 8J% lys ine , 

they took a compromis e  betwe en the maximum LWG and the 

b es t  performanc e in t erms of carcas s quality . 

2 1  . 

Almquis t { 1 96 8 ) has pointed out that where the supply 

of pro t e in is adequat e ,  or more so , d i e t s  with big variati ons 

in the DE/CP ratio may yield equivalent b iological results  

becaus e the protein used for energy purposes  is  nearly 

equivalent to the carbohydrat e displac ed by the protein . 

S inc e diet ary pro t e in is  an expensive c ommodity t o  supply , 

there appears t o  b e  a need t o  relat e the influence of 

changes in protein supply with the economic implications 

from making such alt erations . 

2 . J . 4 . 2  The Influenc e of Crude Fibre upon Prot ein 

Utilisat i on 

The ARC ( 1 967 ) review experiments involving the add i t i on 

of fibre to  pig di e t s  as a diluent to reduc e the energy 

c onc entrat ion per unit weight of feed . However , apart from 

any affec t on the energy s t atus of the feed , the level of 

indige s t ible fibre in the diet  can affect  the uti li sat ion 

of feed prot ein (ARC , 1 967 ; Dammers , 1 964 ; Swaminathan , 

1 967 ) pos s ibly by modifying the dige s t ive processes in the 

gut through an effect  on the action of proteolytic enzymes 

{Munro , 1 964 ; Glover and Dougall , 1 96 1 ) .  However , although 

the influenc e of dietary fibre on N utilisat ion i s  like ly 

to  b e  negligible where a fibrous mat erial is not us ed as an 

energy diluent , s ome workers have taken speci al precaut ions 

t o  minimis e  differences in the crude fibre c ont ent of· 

experimental rati ons (Jones et  al . , 1 96 2 ) . 

2 . J . 4 . J Prot ein and Amino Acid : Cofactor Int eract io ns 

I t  has been e s tab lished that the supply of s everal 

vit amins and mine rals in the diet is e s s ential to the eff i c i ent 



ut ili sat ion of dietary protein ( Munro , 1 964a ; Rerat and 

Lougnon , 1 968 ) . Deficiencies of vitamins and minerals 

probab ly do not affect protein synthes is directly ,  but 

mediat e their effect  through an alteration in endocrine 

act iv i ty ( Munro , 1 964a ) . 

22 . 

The supply of nicotinic ac id ( niacin) is  of part icular 

importance in c ereal-bas ed di ets for growing pigs . 

Tryptophan is a precursor of this  v i t amin and where th e 

intake of nic o t inic acid i s  below r equirement s ,  tryptophan 

appears t o  be  preferentially us ed for niacin synthes i s  

( ARC , 1 967 ) . Tryptophan i s  pot ent ially the limit ing amino 

acid in many rat ion formulations , and therefore any divers ion 

for the synthesis  of niacin may have a significant affec t  

upon dietary prot ein ut ilisation . Furthermore , it has been 

well established that the niacin in many cereals, particularly 

maize , is in a bound form completely unavailable to the pig 

( ARC , 1 967 ) . C ons equently it  i s  pos s ible for diets 

c ontaining a high proportion of mai z e  and/or of low prot ein 

c ont ent to  produc e s igns of niac in defic iency in pigs (ARC , 

1 967 ) . However , there need not b e  c linical s igns of 

defi c i ency for the supply of niacin to influenc e prot ein 

metab olism . In experiment s reported by Bat t erham ( 1 970a ) , 

he suggests  that the larger response  t o  a mineral-vitamin­

antib i ot ic (MVA )  supplement in the abs ence of tryptophan 

supplementat ion , an interac tion whi ch was significant in one 

experiment involving maize/meat and b one meal diets , may 

have b een due t o  a niac in deficiency . That is , the reduced 

uti l isation of d i etary protein due t o  the shortage of 

niac in , and perhaps o ther c ofac t ors , was reflect ed in a lower 

growth rat e  than when a MVA supplement was us ed . 

This recent s tudy emphas ises the importance of  supply­

ing e s s ent ial d i etary fact ors involved in the utilisati on 

of prot ein in adequate amounts relat ive to the animal ' s  

requirements .  Otherwis e  the performance of the individual 

may b e  the result of an inadequat e ut ilisati on of dietary 

prote in due t o  s ome fac t or apart from the supply or balance 

of e s s ential amino acids . 
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2 . 3 . 4 . 4  The Influence of Added Antibiotics  

Any feed additive which influences the performance 

of an animal will affect e s timations of  prot ein and amino 

acid requirement s ac c ording t o  the level of addition.  

Ant ibiot i c s  assume particular importance because of their 

widespread use (Rerat and Lougnon , 1 96 8 } . Thi s  discuss i on 

of Rerat and Lougnon , ( 1 968 } indic ate s  that both the 

influence  of ant ibiotics  and int erpretat ions of their 

actions are varied . Use of these sub s tanc es introduces 

difficulties of comparis on between experiments on prot ein 

and amino ac id requirement s .  

2 . 3 . 5  Int errelationships Between the Amino Ac ids 

In s eeking to  establish the requirement s of growing 

animals for the individual essent ial amino acids , it  became 

apparent that the levels of certain o ther amino acids c ould 

influenc e the amount of a part icular amino acid required 

for opt imum performance .  Such relat ionships again 

amphas i s e  that protein nutrition i s  e s sent ially amino ac id 

nutrition . 

Methionine is  an indispensible amino acid for the 

growing pig.  However , where the cys t ine intake i s  low , 

the methionine requirement can be increased due to  an 

irrevers ible transformati on of methionine into cystine . 

There i s  therefore a " saving" in the requirement for 

met ionine as cys t ine levels  are increased from sub-optimal 

levels and it i s  generally assumed that cys t ine may supply 

up t o  half the methionine requirement (ARC , 1 967 ; NRC , 

1 964 ; Dammers , 1 95 5 ) . Becaus e of this int errelat ionship , 

the requirement for methionine i s  oft en incorporated int o 

a t o tal value for sulphur c ontaining amino acids ( methionine 

and cys t ine } . 

A s imilar s ituat ion exists with phenylalanine , an 

indispensable amino acid , and tryos ine which i s  not es s ential 

as a c omponent of the diet for satisfac t ory growth . Avail-

able evidenc e suggests  that where tryos ine is  pres ent in the 



diet , the requirement for phenylalanine can be reduced by 

approximat ely Jo% (NRC , 1 964 ; Dammers , 1 955 ) . 

24 . 

Another specific effect of an amino acid upon the 

requirement for another has been termed " amino acid 

antagonism" , (Harper , 1 964 ) as unique effect s  of amino acids 

present in exc es s .  From growth s tudies in the rat (Harper 

et  al . , 1 955 ) , an exc e s s  of leucine was found t o  depres s 

the ut ilisat ion of the structurally s imilar i s oleucine 

and valine , even though neither of the latter were limit ing 

amino ac id s . Howeve r  Ros enb erg et al . ( 1 960 ) , working 

with rat s , cons idered it was unnecessary t o  pos tulate an 

i s oleucine -leucine antagonism in order t o  explain the 

results  of their experiments .  The respons es obs erved 

appeared t o  be due t o  imbalance ,  although they suggested 

that further work was nec e s s ary . Growth rat e and feed 

per  unit gain were the only crit eria s tudied . With young 

pigs , Oes t emer et al. ( 1 972 ) were able t o  detect  decreas es  

in plasma-free isoleuc ine and valine from inc reased dietary 

supplementation with leuc ine , which supports work done with 

rats  ( Rogers et al . , 1 962 ) . There were s ignific ant 

d ecreas es  in LWG with inc reas es in di etary leucine so  i t  

appears that the pig may reac t to  an alt eration i n  the rat i o  

of isoleuc ine to  leuc ine in a s imilar way t o  the rat . 

Harper ( 1 964 ) comment s that the c orn prot ein zein i s  rela­

t ively high in leuc ine and s o  diets containing a high 

proport ion of corn are mos t  likely . pos s ibilities for a 

l eucine-isoleucine antagonism to  occur . He also reviews 

experiments conducted  with rat s  which , although by no means 

c onclusive , do not rule out the pos s ib ility of a growth 

depress ing effect  of exce s s  leucine in diets  where corn 

prot ein i s  a maj or s ourc e  of dietary prot ein . 

A further amino -acid antagonism which has b een describ ed 

i s  that b e tween lys ine and arginine as found for the chick 

( Jones , 1 962a ) and rat ( Jones , 1 962b ) . Lys ine i s  often 

the limit ing amino acid in pig . diet s and many s tudies hav e  

involved supplementation with synthet ic lys ine , s everal o f  



which are ci t ed by Os trowski ( 1 969 ) . However , i t  is not 

known whe ther the lysine-arginine antagonism operates  in 

the pig ,  or t o  what extent such a poss ibility exi s t s  in 

lys ine supplement ed diet s . Rec ent ly , Burac zewski et  al . 
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( 1 970 ) have obtained evidence that the absorpt ion of lys ine 

and arginine from the duodenum of the pig is influenced by 

the dietary concentrations of arginine and lys ine respect­

ive ly . 

Other evidenc e  for the level of an amino ac id 

affecting the requirement of another i s  sugge s t ed by Hegs t ed 

( 1 969 ) . In dis cus sing the c omprehens ive experiment s of 

Ro senberg and Eckert ( 1 96 1 ) and more specifically the c ontour 

lines of growth response in rats wi th the addition of 

threonine and lys ine to  a basal ric e  diet , Hegs t ed points 

out that , as suming the graph i s  a reasonably accurat e descrip­

tion of the dat a ,  the c oncept of the limit ing amino acid is  

not clear from t he result s .  The levels of lys ine and 

threonine appear t o  influenc e the performance ,  and henc e the 

requirement , of the animal t o  supplementat ion with threonine 

and lys ine respect ively . For example , an abs o lut e require-

ment for threonine at any l evel  of t otal lys ine c annot be 

ident ifi ed from the graph . He c omments :  

" Within limit s  there i s  no ' ab s o lut e requirement • . . . .  " 

Bressani ( 1 969 ) ,  in r eviewing experiment s involving 

amino ac id supplementation of  c orn diets wi th children , 

dogs and pigs , concludes there may b e  a close  int errelation­

ship b etween the four e s s ent ial amino acids methionine , 

valine , isoleuc ine and threonine . The addition of methio-

nine or valine t o  lysine and tryptophan supplemented diets  

can depress  N retention ; an effect which i s  allevia� ed by 

adding threonine and/or i s o l eucine . Therefore the apparent 

requirement for the lat t er two amino acids is increased with 

methionine or valine supplementation .  Bres sani suggests  

that s amples of corn c ont aining larger amounts of  leucine , 

methionine and/or valine c ould require the addi tion of 

i s oleucine and threonine to improve their nutrit ive value . 



However i t  seems more likely that supplementation rather 

than b i ological variation in amino acid content c ould b e  

respons ible f or these  effe c t s  on requirements .  

2 . J . 6  The Effect of Age or  Body Weight Upon Protein 

and Amino Acid Requirement s 

26 . 

As the growing animal increases  in body weight , there 

are acc ompanying changes in the relative proport i ons of the 

cons t ituents making up the animal b ody (McMeekan , 1 940 ; 
O ' Grady , 1 966 ) .  Of parti cular interest in the growing 

pig ,  as a meat produc ing animal , are the abs o lut e and rela­

tive amoun t s  of muscle and fat ; as thes e are commercially 

important variab les in carcass  c omposit ion (Harringt on , 

1 959 ) .  The main nutriti onal value o f  dietary protein is 

in the supply of essent ial amino acids and N for the synthesi s  

of non- e s s ent ial amino ac ids and the produc t ion of body 

prot ein . Age , with the consequent change in body s i ze , has 

an important influence upon the requirement s for proteins 

and amino acids because o f  the relat ive importance of prot ein 

formati on in body metabolism . 

O s lage and Fliegel ( 1 965 ) pre sent data whi ch show that 

under their particular experimental c ondit i ons ( including 

a near maximal feed intake ) , abs o lute N retenti on ( NR )  in 

grams p e r  day obtained from N balance trials , changes very 

lit t le over the growth period 20-50 kg. Assuming that the 

princ ipal use of the N retained is for prot ein synthes i s , 

that the balanc e of amino a cids used for pro t e in anabolism 

remains ess ent ially c onst ant and that the effic i ency of N 

ut ilisation is  unaffected by age , the requirement for 

e s s ent ial amino acids as a unit weight of intake per day will 

remain approximat ely c onst ant over the growing period 

( approximately 20-50 kg ) . However , as animals inc rease in 

body weight , they require  great er amounts of feed of a given 

energy density t o  satisfy the increas ed demands for main­

tenanc e and t o  produc e the increment s in wei ght gain whi ch 

are more  expensive in terms of energy cost due to  rapid 
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increase in the rate of fat deposition ( Oslage and Fliegel , 
1 965 ) .  Given a diet of constant amino acid c omposition ,  a 
smaller proportion of the essential amino acids will be used 
for protein synthesis  as the animal ages , because of the 
approximately constant rate of deposition of lean muscle 
tissue and increasing amounts of feed being injested under 
free feeding conditions . Allowing for adequate levels  of 
the amino acids , this reduced utilisation will be partially 
offset  by the increased demand for essential amino acids in 
the repair and maintenance of the increasing total muscle 
mass . Under the conditions specified , it can therefore 
be expec t ed that , with a c onstant dietary N content , there 
will be a decrease in the utilisation of N ,  with the N 
retained expressed as a funct ion of the N digested . This 
is c onfirmed in large measure by the results  of several 
workers (Thorbek , 1 969 ; Nielsen , 1 97 1 ; Poppe and Wiesemuller , 
1 968 ) .  Apart from treatment effects ,  other workers have 
shown that daily NR probab ly does stay approximately constant 
over much of the growing period ( Carr and Dunkin , 1 969 ; 
McConnell et al . , 1 971 ; Cunningham et al . , 1 962 ) .  The 
data of Robinson et al . , ( 1 964a and b )  suggests  that this  
applies t o  diets of lower crude protein ; at  higher intakes 
of crude protein there appears t o  be a more pronounced 
decline in NR ( g/day) as the animal increases in body weight . 
Hornic ke ( 1 962 ) also  records a decline in daily NR from a 
maximum at 50 kg live weight . Rerat and Henry ( 1 964 ) found 
NR s tayed approximately c onstant at 1 2% CP , but decreased 
linearly with time at 1 6% CP , and was curvilinear with 
maximum retention at 65  kg with an 8% CP diet . 

In a regression analysis , Dent et al . ( 1 970 ) showed , 
acc ording to  their data , that. for the growth period 23-50 kg 
live weight over the four crude protein and feed intake 
levels studied , there was an almost  linear increase  in LWG/ 
day as lysine intake (weight ingested/day) was increased . 
This  same relationship was seen for rate of lean deposition 
per day .  In later growth periods these two relat�onships 
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were essentially horizontal , sugges ting that at heavier 
weights  the diets  used were adequat e in lysine , irrespective 
of feeding or crude protein level .  

These demonstrated changes in requirements with 
increases in b ody weight , in what ever t erms they are 
expressed , suggest that the compos i tion of the ration should 
be changing on a continuing basis  t o  give the maximum 
uti lisation of  dietary components .  In practice , the c ompro-
mis e  approach is to  determine requirements over specified 
growth periods s o  that an average requirement is es timat ed .  
As suming these  estimat ed requirements  are accurate ,  and that 
rations c a n  be formulated which closely represent these  
values , this procedure will generally mean there i s  an 
excess of prote in or amino acids supplied at the s tart of 
the growth period , deve loping into a deficiency later . 
To achieve s tat ist ically reliable results , i t  nas b ecome 
common practice  to divide the growing/finishing period for 
commercial pig meat production into the growing phase 
( approximately 20-50 kg live weight ) and the fini�hing phase 
( approximately 50-1 00 kg live weight ) and deter�ine ration ­
formulations for these two periods (ARC , 1 967 ) . 

However , there have been s tudies investigat ing the 
use of a s ingle  diet through the growing and finishing stages 
and also the effect of varying the weight at which the change­
over to a lower protein diet oc cur s (Bellis , 1 965 ; Braude 
and Rowell , 1 968 ; Lucas and Miles , 1 970 ) .  

Robinson et al . ( 1 964b ) investigated the effect of 
changing the live weight at which the changeover to a lower 
protein diet o ccurred with two general protein levels  involved . 
There was the now well recognised effect of a higher protein 
level producing more rapid gains during the growing period 
with these differences  being non-s ignificant in the finish-
ing period . The s ame changes occurred with the efficiency 
of feed c onversion .  Carcass quality measurements showed 
a s ignificant improvement with the higher prot ein level .  
However , there was no significant effect on LWG from altering 
the live weight at which the change to  a finisher ration 
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o ccurred . Feeding higher pro t ein levels b eyond 45  kg 

tended t o  r educ e  the per c ent of lean in the carcass , but 

at the moderat e dietary prot ein leve l , lean c ontent c ont inued 

t o  increas e as the wei ght at changeover from grower t o  

finisher rati on was delayed unt il  65  kg . This int eract i on 

was unexpec ted but did not reach significance .  Nitrogen 

balanc e s tudies  were c onducted wi th s ome of the treatment s ,  

but did not give any c ons i s t ent information on the effec t 

of changeover weight or the pro t ein level . 

( 1 972 ) 
Quot ing result s  achieved at Banger , Chamberlain 

sugges t s  the use of single protein leve ls in prac tical 

diet s , wi t h  the obvious advantage of great er simplicity in 

formulations . Overall ut ilisat ion of protein and energy 

appeared t o  be  unaffec t ed by the us e of a s ingle diet . 

Although in s trict ly nutrit i onal terms , alterat i ons 

in the protein c ontent rat ions t o  allow for changing require­

ment s with age would appear to be  necessary , in prac t i c e  

such alterations may not b e  nec e s s ary t o  achieve produc t ion 

ob j ec t ives . 

2 . 3 . 7  The Influenc e of Feed Intake upon Protein and Amino 

Acid Requirements 

It has b e en ment ioned previously that the principal 

fact or determining intake is  normally energy requirement s 

( ARC , 1 967 ) . Where the animal i s  fed res tric ted amount s  

of feed below appeti t e , the supply o f  energy i s  c ons equent ly 

limi t ed .  There i s  a simultaneous reduction in the abs o lute 

intake of o ther nutrients and therefore the various c oncen­

trati ons of thes e in the diet b e c omes important in relati on 

t o  the animal ' s  requirement s .  

The dietary pro t ein intake may be increased either 

by increas ing the protein c ont ent of the diet at a given 

level of feed intake or  by rais ing the level of feed intake . 

Inc reas ing the level of protein results in only small dif­

ferences  in energy intake , while a higher level of feed 

intake results in an increase in the intake of energy as 

well  as protein and other nutrients ( Chamberlain , 1 972 ) .  
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Rerat and c oworkers (Rerat , 1 96 1 ; Rerat and Henry , 

1 964 ; Rerat and Lougnon , 1 966 ; Rerat , 1 97 1 c ) have stre s s ed 

the importanc e of different iating b etween ad libitum and 

restricted feeding in recommending crude protein c ontents 

of growing pig die t s . This  discus s i on will b e  limit ed t o  

a cons iderati on o f  the effect o f  vari ous levels o f  feed 

restriction below appetite  and different protein levels 

in the s e  situati ons . 

Effects  of variati ons in prot ein quality and quanti ty 

and feed intakes upon animal performance appear t o  b e  

int er-rela t ed (Blair e t  al . , 1 96 9b ) . Us ing s everal degrees  

of feed t e striction ,  thes e  workers found int erac tions 

involving pro t ein level , lys ine level and feed intake . 

Lys ine was taken as an index of pro t e in quality sinc e i t  was 

cons idered likely to b e  limiting prot e in ut ilisation in the 

diets us ed . There appears to be  a gene ral trend for protein 

level and feed intake to  have oppos ing effe ct s .  An increas e 

in the protein level at a given energy intake usually 

improves growth performanc e and carcass  quality (Blair et  al . , 

1 96 9  a and b ;  C ooke et al . , 1 972 ; Robins on et al . , 1 964b ; 

Barber et al . , 1 972 ) , while an increase in feed intake 

generally result s in fas ter LWG , but a deteriorat i on in FCE 

and carcass quality (Blair et al . ,  1 969a ; Barber et al . , 

1 972 ) . 

An effect of feed intake upon an animal ' s  respons e 

to  different pro t ein levels would b e  evident from an int er­

act ion of intake and protein on thos e  paramet ers measured in 

an appr�priate ly · des igned experiment . Blair et al . , ( 1 969a ) , 

in a large fac t orial experiment , were not able t o  detec t a 

s ignificant prot e in by feed intake level interact ion on 

growth rate or 0ffici ency of feed c onvers i on at any growth 

s t age from 23�1 1 0  kg live weight . However , several s ignifi-

cant interac t i ons were pres ent in the carcas s c ompos i t i on 

data (Blair et  al . , 1 969b ) . For example , with animals 

s laught ered at 45 kg live weight , there was a marked reduct i on 

in the % lean in the dressed side as intake was inc reas ed 

at low protein l evels , but this trend was much less at higher 



protein levels . Again , at 70 kg live weight , with a 1 2% 
CP diet , an increase in intake significantly reduced the 
proport i on of ham in the s ide , while at 1 8% CP an increase 
in the level of intake did not significantly change this 
criteria . Thes e  results are in agreement with the calcula­
tions of Chamberlain ( 1 972 ) .  Figure 2 . 3 . 7 . 1  shows that the 
absolute amount of carcass lean gain ( g/day ) increase�  as 
the level of feeding increases at 60 kg live weight . 
However in t erms of the efficiency of utilising dietary 
protein , increasing the level  of feed intake has a dele- : 
terious effect (Figure 2 . 3 . 7 . 2 ) .  Davies and Lucas ( 1 972 ) 
present a graphical descript ion of their data which shows 
that in per cent terms , an increase in the level of feeding 
increases  the proportion of carcass fat and decreases the 
proporti on of carcass lean ,  ( see also Holder et al . , 1 969 ) .  
Therefore although the absolute amount of lean deposition 
increases  with increased feeding levels , the ratio of lean 
t o  fat in the carcass is decreasing , an undesirable result 
in terms of carcas s grading. 

These experiments s erve to  illustrate that the general 
feeding level may significantly influence animal response 
t o  changes in protein nutrit ion .  Therefore conclusions 
relat ing to suggested requirements for protein and amino 
acids m u s t incorporate the intake parameter . Expressing 
nutrient requirements as an absolute intake per day is 
possibl e  under restricted feeding regimes , and in view of 
the interrelationships involved , it  would appear desirable 
to consider protein and energy requirements c oncurrently 
and on the same quantitat ive  basis (Blair et al . , 1 969a ) 
Where dietary concentrations are used , and this is still  
common , such recommendations must  be related to  the intake 
regime . 

2 . J . 8  The Influence of Sex Upon Protein and Amino Acid 
Requirements 

This discussion wil l  be restricted to a comparison 
between gilts  and castrat e  males s ince entire males are not 
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generally acc ept ed as meat producing animals at the pre sent 

t ime . The results  of rec ent work have c onfirmed that 

under s imilar restric ted feeding condi tions , gilts  generally 

have significant ly leaner carcas s e s  than cas t rat es  ( Blair , 

et al . , 1 969b ; Robins on , et al . , 1 964b ; O ' Grady , 1 966 ; 

Davies  and Lucas , 1 972 ) . In c ontrast , Lodge et  al . ( 1 972b ) 
found no significant differenc es between the two s exes , 

which probably reflec t ed the live weight at which thes e  

animal s  were s laughtered ( 59 kg ) . Blair et al . ( 1 969b ) 
found that indices of c arcass c omposition showed a great er 

dispari ty between gilts and castrat es  at heavier s laught er 

weights . 

The eff'ec t of sex upon growth rat e and feed c onvers ion 

effic i ency has not been well d efined . Mos t  workers have 

reported little  differenc e be tween gi lts and castrates  under 

res t ricted feeding in t erms of growth rate and effic iency 

of feed convers ion ( Lodge et al . ,  1 972b ; Rob inson et al . 

1 964b ; Robinson and Lewi s , 1 964 ; Blair and English , 1 965 ) , 

although there is  some evidenc e that gilts are superior in 

the s e  cri t eria ( Jones e t  al . ,  1 962 ; Carr , 1 967; Holder 

et al . ,  1 969 ) . Under ad libitum feeding c ondi tions how-

ever , cas trat es  c onsume more feed and c ons i s t ent ly show 

higher growth rates (Bowland and Berg , 1 959 ; Lodge and Day , 

1 967 ; Kemm and Ras , 1 97 2 ) , with th e higher voluntary feed 

intake being more pronounced at heavier live weights (Blair 

and English , 1 965 ) . 

A c ons istent ly greater proport ion of lean in the 

carcass of gi lts  under s imilar dietary c ond i t i ons would 

sugges t  that they are abl e  to ut ilise  the prot ein port i on 

of the diet more effic ient ly than castrated males . Ni elsen 

( 1 97 1 ) showed that females  depo s i t  more nitrogen daily and 

that this differenc e i s  great er at heavier weight s .  

Bab atunde et al . ( 1 967 ) found that gilts had higher c oncen­

trat i ons of prot ein and wat er and less fat in the carcass 

than cas trated males with ad lib itum and restricted feeding . 

From nitrogen balanc e and carcas s dis s ection s tudies , Jung 

and Piatkowski ( 1 967 ) reported a s ignificant relati onship 
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b e tween ni trogen depos ition and edib le protein in the hair­

carcas s  ( r = +0 . 89 ) , area or longissimus dorsi  muscle  

b ehind the thirt eenth rib ( r = +0 . 76 )  and rat c ontent or  

the carcass estimat ed rrom the dry matter  or  the ham 

( r = -0 . 79 ) .  At 1 1 0 kg live weight , the edible prot e in 

c ont ent or the carcas s was greater in gilts  than in cas t rated 

males . In an earlier experiment ( Piatkowski and Jung , 

1 966 ) they found nitrogen retent ion was 1 2% greater in gil t s  

than in cas t rat e s . 

ThA effec t s  or level or feed intake , prot ein intake 

and amino a cid levels on performance are c omplicated by 

significan t  influenc e s  due to s ex .  Blair e t � ·  ( 1 969 a 

and b )  rec ord several significant interac tions between thes e  

paramet ers and s ex .  For example , over the 23-45 kg s tage , 

females showed a more marked change in the rat i o  of feed 

intake t o  live weight gain as the protein level increas ed , 

with a larger increas e in the feed conversion rat io  rrom the 

third to the highest  intake level .  Their results  sugges t  

that a t  low levels of feed intake , gi l t s  make more effic ient 

us e of pro t ein in terms of increas e in live weight per uni t  

o f  feed eat en . Performanc e b e tween the s exes was very 

s imilar with varying pro tein levels at the highes t  level of 

intake . Irrespec t ive of t reatment , gi lts  generally had 

higher £ e ed convers i on effic i enc ies and c onverted feed t o  

lean meat more effic i ent ly than males . During the 45-70 kg 

live weight period , a great er " s ensi t ivity" of females t o  

protein nutrition was s een wi th the great est  response t o  

increas ing lys ine levels being at 1 2% C P  for cas trates but 

at 1 8% CP for gilt s .  Over the 23-90 kg period , these  workers 

rec ord no fewer than s ix s ignificant int eract i ons involving 

s ex on lean meat gain and rat i o  of feed intake to lean meat 

gain.  Feed intake had a greater effec t  on lean meat gain 

and the feed required per unit of lean meat gain in males , 

but female s  were mor e  responsive to  changes in prot ein and 

lys ine levels in thes e  paramet ers . Interact i ons at s laught er 

weights of 70 and 1 1 0  kg sugges t  that although cas trat e s  may 

b e  more responsive t o  increas es in feed intake , there i s  a 
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c orre spondingly greater deposition of fat in t he c arcas s .  

Again , gilts  showed greate r  respons es  t o  inc reases in the 

quantity of protein inges t ed and t o  improved quality ( lysine 

level ) , both in t erms of growth performance and carcas s 

lean c ontent . Thes e  c onc lusions are supported by the more 

rec ent work of Davies and Lucas ( 1 972 ) . They als o found 

that shoulder fat thicknes s was reduc ed les s with castrates  

than gi.l:t s when the dai ly feed al lowanc e was lowered ( animals 

s laught ered at approximately 90 kg live weight ) . Th is is  

a signific ant finding s inc e castrat es c onsist ently show 

great er backfat measurements than gi lts and are therefore 

the maj or r a rget in trying to improve carcas s  quality through 

a restric� ion in feed intake . 

Ostrowski ( 1 969 ) , us ing diets  based on dry potato 

meal with and without additi onal lysine and menthionine 

fed to pigs from 30-90 kg live weight , found s ignificant 

int eracti ons involving s ex .  Gi lt carcas ses having les s 

fat but showing great er differences  due to  treatment . 

Robinson and Lewis ( 1 964 ) obs erve s imilar effec t s , over the 

45-92 kg live weight period and c omment : " ·  . . . ( this differ­

ent ial respons e ) wi ll influenc e the level of lys ine t o  be 

recommended and will be different for hogs and gil t s . "  

Robins on ( 1 966 ) also found s ignific ant differenc es and 

int eractions invo lving s ex with lys ine and methionine 

supplement at ion of barley meal/fish meal diets  fed to pigs 

over the 1 8-1 2 0  kg live weight period . During the growing 

phas e ( 1 8-50 kg) , there was a highly s ignificant s ex by 

supplementation interac t i on on growth performanc e and 

supports the hypothes i s  that castrates  have l ower require­

ment s for prot e in and amino ac ids than gilt s . 

The expe�imental r e sults discussed appe ar t o  c onflict 

t o  s ome degree with the data of Lodge et al . ( 1 972b ) , who 

found no s ignificant differences between the s exes in either 

growth rat e , efficiency of feed conversion or carcas s 

measurements ( except backfat thicknes s  and eye musc le area ) 

with increasing protein l evels . .According t o  their  results , 

barrows respond more to  increas es in pro tein l evel than 
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gilt s .  The authors discuss the lack of s ex differences  

and c ons ider that the light s laughter weight ( 59  kg) i s  

perhaps the mos t  obvious reas on .  In addition ,  they point 

out that the methods of as s e s s ing c arcas s lean may be  

deceiving and t i s sue compos i t i on of the back region may not 

be repres entat ive of the whole  carcas s .  

There is  now a considerable b ody of informati on avail­

able indicat ing that , apart from other fact ors , the ut ili sa­

t i on of dietary amino acids i s  affe c t ed by the s ex of the 

animal . Acc ording to  various c riteria , mos t  workers agr ee 

that fema l e s  show a greater s ensit ivity to  changes in prot e in 

intake , b o th in quantity and quality . Dent et al . ( 1 970 ) 

conclude from the regres s i on analys is  of a c omprehensive 

fac t orial experiment that generally , females " . . .  requir e 

smaller quant it ies  of both dietary lys ine and energy int ake 

at  any c rude pro t e in level t o  sus tain the same pe rformance 

in t erms of live weight and lean meat gain than males . 

Females are thus more effic ie nt in c onverting lys ine and 

energy into both live weight and lean meat . "  

Ob j e c t ives will need t o  be  c le arly defined b efore the 

known influence of sex is allowed t o  determine s eparat e 

rat i on formulat ions . 

2 . '] . 9  Genetic  Influences  on Protein and Amino Acid 

Requirement s  

The acc eptability o f  pig meat cuts t o  the c onsumer 

is influenced t o  a maj or ext ent by the rat io  of lean meat 

to fat (Harringt on , 1 959 ) . As this ratio inc reas es , the 

demand for such cut s improve s  and higher pric e s  are pos sib le . 

There has been sys t emati c  breeding in many pig producing 

c ountrie s , one of the ob j ec t ives being to breed an animal 

with a l ow propensity for fat produc t ion . In the discus s i on 

on the effec t  of age upon the metab o li sm of the growing pig 

( s ec t i on 2 . 'J . 6 ) , it has b een pointed out that the abs olute 

depo s i t i on of fat becomes great er a s  the animal inc rease s  

in b ody weight while the rat e o f  musc le depo s i ti on appears 
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t o  remain approximat ely c onst ant over a wide wei ght range . 

Greater feed restriction at heavier weights has b een a 

c ommon t echnique used t o  restrict the amount of fat 

deposited ( Os lage , 1 962b ) ,  but this has undesirable  effect s  

o n  growth rat e .  Some workers have s uggested that an 

improved lean t o  fat ratio may b e  agreeably accomplished by 

increas ing the pro tein l�vel in finishing diets  ( Robins on 

et al . , 1 964b ) , or by feeding a s ingle di et through the 

growing and f inishing periods ( Hardy and Lewis , 1 968/69 ) . 

The experiments of Bowland and Berg ( 1 959 ) , Bayley 

and Summers ( 1 968 ) , Clawson et  al . ( 1 972 ) all sugge s t  that 

the s train or breed of pig can influenc e the respons e t o  

changing energy , prot ein and amino acid levels i n  t erms o f  

growth rat e or carcass c omposition .  

In an at tempt t o  maintain growth rat e with a high 

feeding level and yet produc e carcas s es of economically 

ac ceptable c ompo s it i on ,  breeding programmes for the estab­

li shment of " lean-type " swine have been undertaken . 

Significant progress  has been made in s everal countries and 

Os lage ( 1 962a ) sugges t s  that the influenc e of breeding a 

leaner type o f  market pig has been in maintaining nitrogen 

retent i on through the growing and finishing periods , s inc e 

there is  normally a dec line during the latter period . The 

more recent work of McConne ll et  al . ( 1 971  , 1 972 ) also  sugges t s  

this effect o f  breeding on nitrogen retention . Het z er and 

Harvey ( 1 96 7 )  reported that after ten generations of s elect ion , 

high and low-fat Duro c  lines differed in backfat thickness  

by  2 . 6  cm  or  6 8% of  the init ial mean . For two � elected 

Yorkshire lines , the difference after 8 generati ons was 1 . 4 cm 

or  44% . I t  c ould perhaps b e  pointed out that the s el ec t i on 

in this  cas e  was in both directions s o  that the differenc e 

b etween the two s elected lines would be greater than i f  each 

was compared t o . a c ontrol populat ion .  

Henning and Kleeman ( 1 967 ) found substant ial differencesr 

b etween improved German Landrace pigs and Vietnames e  pigs in 

nitrogen ret ent ion and utilisati on of dietary nitrogen and 
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energy . German Landrac e pigs depo s i t ed 76 g protein per 

day over the period c onsidered while Vietnames e  pigs 

depos i t ed only 56 g prot e in per day . Utilisation of c rude 

prot ein was 2 1  and 1 4% respe c t ivley while  the ut ilisat i on 

of gros s  energy was in the opposite  order , 30  and 35% 

respect ively . Great er amount s of crude prot ein from t he 

feed were retained in edible  parts of the carcass of German 

Landrac e pigs , whi l e  the Vietnames e  breed showed a higher 

retent i on of gros s energy from the feed in edible part s of 

the carcas s .  

In examining the influence of pro tein intake upon 
• '  

the performanc e of fat and lean-type swine , Davey and Morgan 

( 1 969 ) indi cat ed that lean-type pigs retained more dietary 

prot ein than fat-type pigs when the ent ire growth period 

was c ons idered . Whereas fat -type pigs had s imilar amount s 

of separat ed fat and lean with 1 2  and 2o% CP diet s , lean­

type pigs showed a large increas e in lean as the prot ein 

level increased . Lys ine and methionine were added to  the s e  

die t s  s o  that thes e  two amino acids were in approximately 

the s ame rat io with respect to total prot ein in each diet . 

These  workers sugges t  that this supplementation may have 

alt ered the amino acid balance ,  part icularly in the 1 2% CP 

diet , but the s ens i t ivity of the breed lines to  changes in 

amino a c in balanc e has not been clearly es tablished . They 

conclude " ·  . .  a differenc e exists  among the lines of swine 

used in this study in their need for dietary prot ein and 

in their  ability t o  make us e of this  protein t o  form body 

tissue . " 

In a recent study of nutrient digestibility and 

nitrogen metabolism with fat and lean-type swine fed two 

levels of protein , McConnell et al . ( 1 971 ) found s everal 

import ant differences be tween the s e  two types . Although 

type and protein l evel had no significant effect on t he 

dige s t ibility of dry matter , gross  energy or crude prot e in ,  

differences in nit rogen ut i lisation within individual trials 

due t o  type were apparent . The data sugge s t s  that the 

carcas s characterist ic s  of fat-type pigs were little  affe c t ed 
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by prot ein level while the effect of breeding for a lean­

type of swine was to increas e the level of prot e in required 

for opt imum performance .  In a more rec ent experiment 

involving fat and lean-type swine , McConnell et al . ( 1 972 ) 

found NR remained approximately c ons tant from 3 1 -53 kg body 

weight with a decrease during the 53-91  kg s t age for lean­

type swine . However fat-type pigs showed a progres s ive 

dec line in NR for the thr e e  periods s tudied , a lthough the 

two types were s imilar in this respect at the 3 1  kg s tage . 

Carcass c omposit ion data support ed the NR results with 

correlat ion c oefficients of approximately r = +0 . 7  for 

indices  from phys ical s eparation and chemical analysis of 

tissues in two lat er trials ( at 53 and 91 kg live weight ) . 

Braude ( 1 970 ) summarises over 30 years of res earch 

in pig breeding at the Nat ional Ins titute for Res earch in 

Dairying and graphically shows the progress which has been 

made in improving live weight gain and feed c onversion 

effic iency . Wi th this great er pot ential for growth being 

reali s ed , there may be a need for altering the daily allow­

anc es for protein and e s s ent ial amino acids . Clausen and 

Gerwig ( 1 958 ) pres ent tab l e s  showing the progress  which has 

been made through progeny t e s t ing in various European 

c ountries . Generally , l ive weight gains , effic ienc ies of 

feed c o n v ers ion and measurements of carcass  quality have 

improved . This  sugges t s  that daily requirements for protein 

and amino acids need to  be modified as breeding programmes 

increas e the performance of pig populat ions . 

With the recorded differences between breeds and 

strains in their ability t o  retain dietary nit rogen and 

respond t o  different prot e in and amino acid regimes , recom­

mendat i ons involving dietary nitrogen should under s ome 

c ircums tances , t ake such variations into acc ount ( Richt er , 

1 96 9 ) . 
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As res earch was c onduct ed t o  e s t imate the requirements 

of s everal species for individual amino acids , i t  became 

apparent that the general level of protein influenced these  

de t ermined requirements .  S everal authors have c onc luded 

that an increas e in the dietary nit rogen level  produc es an 

increase in individual amino ac id requirement s (Grau , 1 948 ; 

Munaver and Harper , 1 959 ; Brinegar et al . ,  1 950 ) . 

Us i ng the result s of an experiment to  d et ermine the 

inf luenc e o �  pr otein leve l upon the isoleuc ine requirement 

of the growing pig , Becker ( 1 95 8 ) has calculated the require­

ments for o ther essential amino acids at di fferent protein 

levels . For example , the requirement for lys ine is esti­

mat ed at  o . 6J% of the  die t  at a protein level of  1 2% ,  but 

increas es t o  0 . 96% at 2 1 % crude pro tein . Rerat and Lougnon 

( 1 96 8 ) discus s pos s ible r eas ons for this observat ion .  

Firs t , either the pro t e in level o r  an individual amino ac id 

c ould be limit ing growth , s o  that supplement ing the d iet  

with either c ould improve performanc e .  They point out that 

this is not s t rict ly an increased requirement , s inc e tissue 

synthesis  is inc reasing with higher pro tein or amino ac id 

levels . Secondly , the creation of amino ac id imbalance 

using a pr otein defic ient in an essential amino acid increases  

b o th the relative requirement of an amino ac id as  per c ent 

of the diet and also the absolut e amount of lys ine necessary 

t o  obt ain maximum growth (Munaver and Harper , 1 95 9 ) .  That 

is , by some means , an imbalance situat i on result s in the 

increas ed requirement for  an amino acid . Thirdly , the 

nitrogen level can b e  expect ed to  influenc e amino acid 

requirements where the s upply of nitrogen for the synthes is 

of non-essential amino a c ids is  critical . This is only 

likely to  o ccur where synthetic  amino acid mixtures are us ed 

t o  det ermine requirement s ,  since dietary pr oteins contain 

at leas t  4o% of the dispensable amino acids (Harper , 1 959 ) . 

However , Henry and Rerat ( 1 970 ) c onsider that with prot eins 

of good amino acid balance ,  the proport i on o f  dispensable 
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supply t o  minimis e  des t ruct ion of the indispensable amino 

acids . 
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In a discussion on t he influence of dietary protein 

level  upon amino acid requirements , Harper ( 1 964 ) points 

out the limitati on of expre s s ing such requirements  as a per 

cent of the diet sinc e it  i s  not obvious how the abs o lut e 

amount s of each amino ac id requir ed for a given rat e of 

body weight gain are alte red . There is al s o  the cl ose  

relat i onship whi ch exi s t s  b etween the  methods of determining 

the effect of the dietary l evel of pro t ein on amino acid 

requirement s and those  used to  study amino ac id imbalanc e .  

From the evi denc e considered , Harper ( 1 964 ) c onc ludes that 

inc reas ed 11 • • •  amino acid r equirement s with increasing 

quanti t ies of protein in the  di et are actually examples of 

the effect  of amino acid imbalanc e . 11 Harper e t  al . ( 1 9 70 ) 

point s out the influenc e that feed intake will have upon the 

abs o lut e amount s of amino acids ingested and the resultant 

effic i ency of uti lisation . They quote experiments with 

rat s which show that the efficiency with which the limit ing 

amino ac id is used may not be decreased and may even be 

increas ed when food intake of the rat s  fed the imbalanc ed 

diet and thos e  fed the c ontrol diet are equali s ed . This can 

be acc o mpl ished by limit ing the intake of the c ontrol group 

or by s t imulat ing the int ake of the group fed the imbalanced 

diet by insulin inj ections , forc e-feeding or expos ing the 

lat t er group t o  a cold env ironment . However where intake 

is  increas ed by supplement ing the imbalanced diet  with the 

limit ing amino ac id , the effic iency of ut ilisat i on of this  

amino acid appears t o  b e  adversely affected ; although the 

result s are not consistent and appear t o  be influenc ed by 

the experimental conditi ons . In a recent experiment 

examining the effect of p rotein level  upon the threonine 

requirement of the pig ,  S owers and Meade ( 1 972 ) show that 

the pro tein level appears to  affect requirements according 

t o  the plasma-free threonine cri t eria in a linear manner . 

However increasing the protein level using c rystalline amino 



ac ids in const ant rat ios  t o  each other , with threonine 

exc luded , appears t o  induc e an imbalance s i tuation ( as 

out lined by Harper , 1 96 4 ) . 

43 .  

The influence of prot ein level upon the uti lisat ion 

of individual amino acids  may be dist inguished from the 

effec t  of pro tein level on the met abolism of protein N .  

Barnes e t  al . ( 1 946 ) showed that biological value as an 

index of protein uti li s at i on was influenc ed t o  a s ign ificant 

ext ent by the level of intake of various pro t eins . 

Figure 2 . 3 . 1 0 . 1  gives a graphic al descript ion of their 

experiment a l  results and calculat i ons for whole egg protein . 

The curves  for two samples of s oyflour and wheat gluten 

were s imila r al though di splaced downwards on the Y axi s , 

showing they were prot e ins of lower quality t o  whole  egg .  

An almost  perfect distributi on o f  amino ac ids in whole egg 

pro t e in for the growing rat up t o  40 g of protein absorbed 

is  shown by biological values approaching 1 00 .  At higher 

intakes , a surplus of amino ac ids occurs , with c ons equent 

deaminat ion of  amino ac ids , increas ed urinary N output and 

heat increment ( "was t e " ) loss  ( Crampton and Harris ,  1 96 9 ) .  

The decline in bio logical  value is  then due t o  a reduc ed 

proportion of the prot e in intake be ing used for maint enanc e 

and b ody prot ein synthes is .  Lower quali ty prot eins differed 

from Whol e egg prot ein with biological values not only being 

lower at a given intake , but also dec lining more rapidly 

from a maximum at low levels of protein intake . Similar 

work by Barnes and Basshardt ( 1 946 ) indicated that protein 

level  could affect the PER as an index of protein utilisat ion ,  

with the influence of  intake varying acc ording t o  the quali ty 

of the pro t e in .  Therefore , although the t otal amount of 

diet ary prot e in which i s  us ed for body t i s sue synthesis  can 

be improved by  increas ing the pro t ein intake , Figure 2 . 3 . 1 0 . 1  

shows that a maximum i s  reached followed by a decline in 

pro t ein gain . Increas ing the intake of a protein will 

supply more of the limit ing amino acid and so allow great er 

musc le depo s i ti on :  however Rerat ( 1 969 ) pres ent s evidenc e 

that an increased intake of a low quali ty protein cannot 
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ent irely replace  a good quality prot ein as maximum body 

weight gains may be lower when using the former . 

45 . 

The pre senc e of an amino acid imbalance may inc rease 

the requirement for a particular amino acid . However , 

where the pro tein level  of the diet is  increas ed us ing 

s ources of reasonable quality , s everal workers have demon­

s trated that the c oncentrati on of the critical amino acids 

in the dietary pro t ein may be decreas ed with opt imum perfor-
1. 

� mance being maintained (McWard et al . , 1 959 ; Klay , 1 964 ; 

Becker , 1 958 ) . Chamberlain ( 1 972 ) has c ombined the results  

of these s t udies in a graph which is shown as Figure 2 . 3 . 1 0 . 2 .  

It  shows c l ose  agreement in the trend for lower required 

c oncentrat i ons of lys ine in the protein as the dietary prot ein 

intake increases for optimum growth . However , only dietary 

concentrat i ons are quo t ed , wi th no clear indicat ion how daily 

quant itat ive int akes are affected .  

In view of the influenc e of di etary prot ein level upon 

the conc entrations of essent ial amino ac ids required in the 

pro tein or feed for a given level  of performanc e ,  and the 

unc ertainty of the me thods us ed in es tablishing the effec t 

of pro tein level on requirement s ,  stat ed amino ac id needs 

should be examined c arefully . Where they are quot ed as 

c onc ent rat i ons of the pro tein or diet , then fo od intake is  

an impor t illLt parameter which must  be c ontrolled or defined 

and the energy concentrat ion of the diet as sumes greater 

s i gnificanc e .  

2 . J . 1 1  The Influenc e of the Environment upon Requirements 

for  Protein and amino ac ids 

Rec ent revi ews on the influence of the environment upon 

pig performanc e inc lude thos e of Mount ( 1 968 , 1 972 ) and 

Sainsbury ( 1 972 ) .  Only a brief discus s i on with r eference 

t o  prot ein nutrition i s  warranted here . 

Rec ent studi es  both with groups of pigs (Moustgaard 

e t  al . ,  1 960 ) and pigs kept individually (Fuller , 1 964 ) , 

show that environmental t emperature c an influence nitrogen 

r. , 
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ret ent ion . Corresponding differenc es in growth rat e and 

fo od c onversi on are als o  r ec orded . Fuller { 1 96 5 ) has s hown 

that carcass  c omposition is  als o influenc ed by t empe rature , 

the depo s i t ion of prot ein b eing less reduced by variati ons 

in temperature out s ide the thermoneutral range than that 

of fat . Therefore pigs were fat test in a thermoneutral 

environment . departures from this z one produc ing leaner 

carcas s e s . The effects  of humidity upon animal performance 

apart from an influenc e on the incidence of d i s eas e ,  uee d  

t o  be more clearly defined { Sainsbury , 1 972 ) .  

Env i ronmental condi t i ons will influenc e the estimati on 

of prot ein and amino acid requirements  by affect ing the 

cri teria wh ich are us ed t o  d e termine such requirements 

(Rerat and Lougnon , 1 96 8 ) . For great er accuracy , s tat ed 

supplie s  of nutrients c onsidered t o  produce optimum performance 

ac c ording to various criteria should be placed within the 

c ontext of a particular set  of environmental c onditions . 

2 . 4  CONCLUSIONS 

The previ ous discus s i on has out lined the many fac t ors 

which may influenc e the nit rogen metabolism of the growing 

pig . In any particular s ituati on ,  the relat ive order of 

importance  of these  influenc es is  unlikely to b e  the same . 

As nutritionis t s  have bec ome more aware of how dietary and 

animal fact ors may affec t  the animal ' s  respons e t o  a parti­

cular dietary regime , s o  des cripti ons of nutrit i onal needs 

have been modified . Sinc e dietary prot ein has the maj or role 

of supplying indispensib le amino acids , crude pro t e in is now 

well rec ogni s ed as an inadequate description of the efficacy 

with whi ch the ni trogen c ont ent of the diet c an meet  the 

demands of the animal for compounds c ontaining this element . 

Although the c onc ept of a l imit ing amino acid has been 

questioned rec ent ly , (Hegs t ed ,  1 96 9 ) , th e bulk of evidenc e 

sugges ts  that the degree to  which d ietary pro t e in i s  ut ilised 

for pro t e in synthesis  i s  re lat ed t o  the supply of those  
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essent ial amino ac ids in short es t  supply relative t o  the 

animal ' s  need . In recent years there has been a trend for 

diets  to be described in terms of crude prot ein but als o  

t o  inc lude  the levels o f  one o r  more of those indispensable 

amino ac ids likely to  be crit ical t o  the use of dietary 

prot ein . 

Res earch workers c ont inue t o  us e different means for 

arriving at sugges t ed requirement s .  There is  a need for 

uniformity in the bas is upon which decisions are made and 

the c omprehensive analys i s  o f  Dent et  al . ( 1 970 ) may prove 

to be a s i gnific ant s tep in this direction .  The ARC 

reviewers ( 1 967 ) in their c oncluding remarks on protein and 

amino acid requirements stat e : 

" ·  . . . there has no t been to  dat e a suffic i ently 
sys temat ic or in t egrat ed approach t o  the problem 
of est imat ing the pro t e in requirements of the pig . .  
We c onc lude that exper iments are needed of the type 
whi ch provide respons e curves , inst ead of e s t imat es  
of levels which provide maximal response .  This 
is  so , because maximal respons es  are very i ll-defined , 
b e c aus e the respons e t o  any particular nut rient is  
likely t o  depend on the c onc entrat ions of o thers in 
the diet and becaus e only respons e curves of this type 
can provide the bas i s  for the type of informat i on 
required at the prac t ic al leve l .  Moreover before 
any such experiment s are undertaken it is mos t  
important that the c ri t eria by which responses  are t o  
be measured should be  agreed . "  

As a great er volume of data becomes availab le , the 

respons e of the animal t o  alt erati ons in vari ous fac t ors 

simultaneous ly c an be predic t ed with greater c onfidenc e . 

Calculat ed requirements can then be more clos e ly relat ed 

not only to the basic body metabolism but als o t o  the c orn-

merc ial produc t ion of pig meat . At the pres ent t ime there 

appears to be a lack of reliable  information t ranslat ing 

treatment differenc es under experimental cond i t i ons into 

effect s  in the c ommercial sys t em .  

The importance o f  energy intake in relat i on t o  the 

ut ilisat i on of dietary pro t e in has been discus s ed .  Rerat 

and Lougnon ( 1 96 8 ) are careful to draw dis t inc t i on between 

ad libitum and res tric t ed methods of feeding in the ir 
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c onc lus ions on amino acid requirements for the growing pig. 

In est imat ing thes e  needs , their revi ew is  signific ant in 

that they relate est imated abs o lute daily intakes of 

individual amino ac ids to  energy intake . Their figures for 

restric t ed feeding under the as sumptions spec ified are 

present ed in Table 2 . 4 . 1 . 

TABLE 2 .  4 . 1  Amino acid requirement ( g/mcal dige s t ible 

energy ) of the growing pig with res tric t ed 

feeding .  Adapt ed from Rerat and Lougnon 

( 1 968 ) . 

Wei gnt ( kg) 2 0  40 75 
( 1 ) 

Lys ine 2 . 9  2 . 8  2 . 2  

Methi onine + cyst ine 2 . 0  2 . 2  1 . 7 

Trypt ophan 0 . 7  0 . 7 0 . 5  

Threonine 2 . 0  1 . 9 1 .  5 

Isoleuc ine 2 . 2  2 . 5  1 .  9 

Leuc ine 3 . 0  3 . 0  2 . 3 

Valine 2 . 0  1 . 9 1 . 5  

Hi s t idine 0 . 9 0 . 9  0 . 7  

Phenylalanine + 
tyros ine 1 • 7 1 . 6 1 . 3 

Arginine ? ? ? 

( 1  )Values s trictly tentative as the evidenc e i s  less 

c ertain for live wei ghts great er then 50 kg . 

Bas ed upon the calculat ed requirement for lys ine . 

Implicit  in the above figures are the following 

condit i ons . The feeding level  was specified and based upon 

recommendat i ons from Reading . Intake of dige s t ib le energy 

varied from 3000 kcal at 20 kg to  5000 kcal at 4 0  kg and 

6950 kcal at 60 kg . 

2900 kcal DE/kg . 

Diets  were estimated t o  c ontain 

During the discus s i on they are careful to point out 

that the dec isions made for s everal of the amino acids are 
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based upon very litt le evidenc e and thus are of doubtful 

reliability . They also state : "The values calculated 

from data found in the lit erature and whi ch we related t o  

the energy of the diet , should be  c ons idered only as 

sugge s t ions , the accuracy of which mus t  be verified by 

experiments . "  However their calculat ions may be c onsidered 

an improvement upon the recommendat ions of the ARC ( 1 967 ) ,  

where requirements are specified only in perc entage terms 

with no c lear indication of the feeding l evel or the energy 

c onc entrat i on of the diet . 

With the wide range of experiment al conditions pos s ible , 

differing ob j ec t ive s , and a multi tude of fac tors which may 

influence t he nitrogen metabolism of the growing pig ,  the 

large variations in est imated requirement s  which have been 

enc ount ered by reviewers ( ARC ,  1 967 ; Rerat and Lougnon , 

1 96 8 )  is  t o  be expe c t ed .  

In this chapt e r , the animal as an experimental unit 

has been discussed . The fo llowing s e c t i ons inc lude some of 

the prob lems re lat ing t o  the descript i on of diet s  and how 

thes e  re late to meet ing the nutriti onal needs of the growing 

pig.  



CHAPTER 3 :  PROTEIN NUTRITION IN RELATION TO 

CERTAIN FEEDSTUFFS , RATION FORMULATION 

AND NITROGEN BALANCE STUDIES 

5 1 . 

The purpose of this chapter is  t o  c onsider maize and 

meat and bone meal as dietary ingredient s supplying prot e in 

and to  discuss prot ein and amino acid nutriti on in relat i on 

t o  rat ion formulat i on . Only those t opic s c onsidered to be 

nec essary as an introduct ion will be inc luded : nutritional 

trials with particular referenc e to the growing pig and 

involving the feeds tuffs menti oned will b e  discussed in 

relation to the experimental result s pre s ented . 

) . 1  MAIZE AS A MAJOR INGREDIENT IN RATIONS FOR GROWING PIGS 

Ext ens ive agricultural use of the cereals as s ourc es  

of food s inc e anc ient t imes has been largely due t o  the ir 

s t orability , high c ont ent of carbohydrate and high yields 

( Wall , 1 964 ) . Cereal grains provide an important s ourc e  

o f  energy in both human and livestock diets . However , 

although the prot ein fraction c ompared t o  many other produc ts  

i s  of  lower quant ity and quality per uni t  weight of  material , 

because of the signific ant proportions in which cereal 

produc ts  are often added to human foods and animal r at ions , 

the cereal protein oft en c ontr ibutes the maj or part of the 

dietary amino acid supply (Harper and De Muelenaere , 1 96 1 ; 

Parman , 1 968 ) . Boyne et  al . ( 1 961 ) have c ommented : "The 

s t aple c ereals that provide most  of the energy als o  provide 

be tween one third and two thirds of the protein needs of the 

s t ock , the remainder of the protein being usually provided 

by a mixture of two or more pro t ein conc entrat es . "  Therefor e 

the protein fract ion of cereal grains i s  nutritionally 

important , quite apart from the maj or role of supplying 

energy for body metabolism .  

There have been s everal extensive reviews on various 

aspect s  of c ereal pro t eins . In a discus s i on on plant prot e ins 



52 . 

in h�an nutrition ,  Swaminathan ( 1 967 ) inc ludes individual 

c ereals and the fac tors which affect  the nutritive value of 

plant proteins . Bigwood ( 1 972 ) emphas i s es the low levels 

of lys ine in c ereal proteins but also points out that the I 

wide variations in tryptophan , lys ine and methionine b e tween 

different feeds tuffs i s  l ikely t o  be  an important fact or 

in changes in prot ein quality among vari ous foods and feeds . 

Harper and De Muelenaere ( 1 96 1 ) pay particular att nnt i on t o  

amino ac id availability in their discus s i on on the nutl:it ive 

value of cereal pro teins . 

The c omparat ive data of Block and Balling ( 1 9 5 1 ) show 

that , with  c ereal prot e ins , maiz e  protein i s  relat ively l ow 

in lys ine , me thionine and trypt ophan . From a summary of 

the lit erature , the FAO ( 1 970 ) c ons ider that lys ine i s  the 

l imit ing amino ac id in 1naize pro tein by the Chemical Sc ore 

me thod and express ing the amino acid cont ent s as mg/g N ,  

while trypt ophan bec ome s the crit ical amino acid when the 

data i s  expres sed as mg/1 00 g of food . 

Wall  ( 1 9 64 ) reviews the biochemic al nature of c ereal 

proteins and ment i ons that the ir generally low nutritional 

value is due t o  a deficiency of bas ic amino acids ( more 

particularly lys ine and tryptophan ) ,  in the prolamine frac ti on .  

Prolamines ( and also the glutelines ) are s torage prot e ins 

located i n  the s eed endosperm as " protein bodies " .  Thi s  

lat t er frac t i on is  the predominant proport i on o f  mai z e  cereal 

protein and i s  pres ent almos t  exc lus ively in the endosperm 

as apart from the germ ; although the germ has a very high 

c ont ent of protein ,  mainly of the globulin and albumin types . 

The zein c ontent of normal maiz e  ( included in the pro lamine 

frac t i on ) i s  approximately 54% o f  the t ot al solubl e  prot e in 

( Jimenez , 1 96 6 ) . An int ensive inves tigation of the zein 

fract i on of maize protein i s  reported by Mosse ( 1 961  ) .  The 

nutritional inadequacy of zein as the s ole source of pro tein 

for the growing rat and the s timulatory effects  of trypt ophan 

supplementat i on upon growth has been known since the beginning 

of this  c entury ( Willcock and Hopkins . 1 906 ) . Thi s  pione­

ering work illus trat ed the importance of individual amino 

acids in pro t ein nutrition and s t imulat ed research on these  
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c ompounds in  nutri t i on .  Lat e r  work ( O sborne and Mendel , 

1 9 1 4 )  showed that maize prot e ins were als o defi c i ent in 

lys ine . Growth responses  with the addit i on of s everal 

other amino ac ids indicated that there are s everal amino 

ac ids which are deficient in maize protein ( Sauberlich et al . , 

1 953 ; Bent on et al . , 1 955 ) .  Waddell ( 1 958 ) l i s t s  the 

limit ing amino ac id in several cereal products and lys ine 

is the mos t  limi t ing in 1 0  out of 1 2  cas es , with chemical 

and b i o logical evidenc e support ing each other . 

There is therefore now c onsiderable evidence that the 

proteins o ·f cereal grains , inc luding maize , are nutritionally 

unbalanc ed for the young growing animal . Ext ensive research 

has been c onduc ted in att empt s  to improve the prot e in value 

of maize  by agronomic procedure s  ( Sauberlich et al . , 1 953a 

and b ;  MacGregor et a l . ,  1 96 1 ; Kurt z  and Smith , 1 966 ; 

Keeney , 1 970 ) ,  breeding ( Dobbins et al . , 1 950 ; Woodworth 

et al . ,  1 952 ; Eggert et al . , 1 953 ; Alexander , 1 968 ) , protein 

supplementation ( Maner et al . , 1 971 ) and the addit i on of 

synthe t ic amino ac ids (Batterham , 1 970 ; Lawrence ,  1 972 ) .  

However , the use of vari ous agronomic procedures , such as 

increased fert ili s er applicat i on ,  and breeding t o  produc e 

higher crude prot ein cont ent s in maize grain have been 

frus trat ed by the general obs ervat i on that the increased 

nitrogen c ont ent is due almos t  entirely to an inc reas e in the 

zein frac t i on (Hans en e t  al . ,  1 946 ; Mi tchell e t  al . , 1 952 ; 

Schneider et  al . ,  1 952 ; Dimler , 1 966 ) . Therefore there has 

not been any s ignificant incr eas e in protein quality when 

crude pro t e in levels have b e en increased by the s e  means . 

J .  1 . 1 Improvements in Mai z e  Grain Amino Acid Balance by 

Mutat ion 

With the lack of suc c e s s  in improving the quali ty of 

maiz e  grain protein by the procedure s  ment ioned above , and 

because of  the importance of maize as a s ourc e  of energy , 

and prot e in in many human and animal populat i ons , the announce­

ment of genetic  mutants whi ch favourably altered the amino 

ac id balance of maize grai n  prot ein ( Mertz et al . , 1 964 ; 

Nel s on e t  al . , 1 96 5 ) was gre e ted with a great deal of 
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interes t .  The opaque-2 ( op-2 ) mutant gene had been 

describ ed much earlier by Emerson e t  al . ( 1 93 5 ) , but no 

b iochemical investigat ions were c onduc ted unt i l  Mertz  and 

eo-workers , in the c ours e  of ext ensive studies  on the protein 

frac t i on of the maize kerne l ,  became int eres t ed in pos s ible 

reas ons for the pronounced opaci ty of the endosperm in the 

op-2 and other mutants .  This characteristic  was in 

c ontras t to the transluc enc e of normal maize endooperm . 

Nutritionally , the mos t  important mutation reported apart 

from op-2 is  floury ( fl-2 ) .  Generally the charac teristics  

of fl-2  are int ermediat e b e tween those  of  normal hybrid and 

op-2 maize  (Mosse , 1 966 ) . The maj or except ions t o  this are 

a higher proport ion of non-protein-nitrogen and an inc reas e  

in the methi onine content of fl-2 a s  c ompared t o  op-2 and 

normal hybrid maize . The lat ter effect has been shown to  

have s ignificanc e in  poult ry nutrit i on ( Cromwell et  al . , 

1 968 ) . However , the fl-2 mutat ion has not been inves t igated 

as much as op-2 because the lys ine levels are not as high 

and are more variable in the former , with a more marked 

influence of the genet i c  b ackground . In addition ,  the mode 

of inheritance makes it  more difficult to produce homozygous 

fl-2 lines from heterozygous plant s .  Finally , the op-2 

mutant is usually nutrit ionally superior to fl-2 , although 

the lat ter i s  superior t o  normal maize (Nel s on , 1 96 9 ) . 

Great e r  a t tent i on will b e  paid t o  the op-2 mutat i on because 

of i t s  relevance t o  the experiment s c onduc t ed . 

Preliminary report s c oncerning op-2 sugge s t ed dramatic 

changes in the lys ine c ont ent of the endosperm (Mert z , 1 963 ) , 

which appeared t o  be due t o  a reduction in the rat i o  of zein 

t o  glutelin .  Changes in amino ac id balance due t o  the op-2 

mutat i on (Mertz et al . , 1 964 ) were similar t o  a c omparison 

b etween z ein and glutelin (Lloyd and Mertz ,  1 958 ) . Subse­

quent s tudies have confirmed that the effec t  o f  the op-2 

mutat i on is  t o  change the relative proport i ons of different 

pro t e in fract i ons in the grain without any s ignificant effect 

upon t otal crude prot e in levels o r  the c ompos i t i on of indi­

v idual proteins (Mertz e t  al . ,  1 966 ; Wats on and Yahl , 1 967 ; 

J imene z , 1 966  and 1 968 ; Mos se , 1 966 ) .  The following table 

i llus trate s  s ome of the b iochemical changes which occur when 

the op-2 gene i s  inc orporated into the normal maize  genotype . 
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TABLE 3 .  1 . 1 . 1 Relat ive amounts of pro tein frac tions in 

a normal hybrid and an opaque-2 maize  sample . 

( Adapt ed from Mos s e , 1 966 ) . 

Extrac t Frac tion 

Aqueous NPN ( 1 ) 

PN ( 2 )  

Total 

Alcoholic  Total ( Zein )  

Re s idue ( Glutelins ) 

Total Recovered 

( 1 ) Non-protein-nitrogen 

( 2 )  Protein ni trogen 

( 3 )  g N/1 00 g defatted c orn N .  

1 260s eed 

4 . 6  ( 3 )  

1 4 . 2  

1 8 . 8  

48 . 4  

3 1  . 2  

98 . 4  

Maiz e  

Opaque-2 

1 3 . 0  

24 . 7  

37 . 7  

1 7 . 2  

4 1 . 3  

96 . 2  

This shows a big reduc tion in the t otal alc oholic 

frac t i on ( zein )  and als o  a s ignifi cant increas e in the propor­

t i on of non-protein nitrogen in the aqueous frac tion of op-2 . 

Nels on ( 1 966 ) has sugges t ed that the op-2 loc.us may have a 

r e gulat o ry function , influencing the synthe s i s  of the alc ohol 

'-. '  - s o luable proteins , with c orresponding changes in other protein 
I 

frac t ions . 

Previous ment i on was made of breeding for higher crude 

pro t e in levels in maize grain . Although there was no c orres -

ponding improvement i n  the nutrit ional value of the grain , 

at t empt s  have b een made t o  inc orporat e the op-2 mutation into 

high prot ein maize s trains ( Nelson ,  1 966 and 1 968 ) .  The 

following tab le (Table 3 . 1  . 1  . 2 )  is  adapted from the report 

o f  Ne lson ( 1 9 66 ) and shows that for s ome nutritionally 

imp o rtant e s s ential amino acids , ( tryptophan values not given ) , 

the incorporation of the op-2 mutation produc es  a very s imilar 

amino acid balance of the op-2 developed in the normal hybrid 
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s t rains . However there i s  more than twice  as much prot ein 

in the mutati ons from th e high protein maize ,  so the re is  

a much greater supply of  amino acids per unit weight of  the 

grain .  

TABLE 3 . 1  . 1 . 2  

Amino Ac id 

Lys ine 

Methionine 

Is oleucine 

Threonine 

% Crude Protein 

Amino Ac id c ontent ( expressed as g/1 00 g of 

protein) in the def at t ed endosperm of 

Illinois  High Protein ( IHP ) , an . opaque-2 

( op-2 ) s tock and an op-2 recovery for the 

cros s ( IHP x op-2 ) x IHP . ( Adapted from 

Nelson , 1 966 ) . 

IHP Rec overy 329-8 op-2 

1 . 3 3 . 6  3 . 6  

2 . 0  2 . 0  2 . 1  

4 . 5  3 . 9  3 . 8  

3 . 7  3 . 6  3 . 7  

20 . 4  1 7 . 4  7 . 9  

Nutritional studies with rat s , report ed by Nelson ( 1 966 ) , 

indicate that the high protein op-2 mutant ( 1 5% CP ) is super­

i o r  t o  the low protein s t o ck ( 1 1 . 6% CP ) ; the former giving 

equivalent growth rat es  t o  a 1 5% casein diet ( 1 4 . 8% casein 

plus 0 . 2% cyst ine ) . At pr esent however there is  a problem 

of inc � easing the yield of thes e  high prot e in op-2 varieties  

before they are suitable  for c ommercial use ( Johnson e t  al . , 

1 970 ) . 

The kernels of op-2 maize appear to  have a lower densi ty 

(Yat s on and Yahl , 1 96 7 ) . However this does s eem t o  be 

affec ted by the genetic  background , and it may b e  pos s ible 

to s elect  for lines in whi ch op-2 kernels have higher densities  

( Nel s on ,  1 966 ; Johnson e t  al . , 1 970 ) . 

Initial ly , great er  at tent i on was paid t o  the influence 

o f  the op-2 mutation on inc reas ing the lys ine c ontent of 

maiz e  pro t ein ,  since s tudies  with normal maiz e  diets  had 

s uggested that lys ine was the first limiting amino ac id for 



growing pigs (Acker e t  al . , 1 959 ; Clawson et  al . , 1 963 ; 

Cahilly et al . ,  1 963 ; Vipperman e t  al . , 1 963 ) , all under 

ad libitim feeding cond it ions . Consequently i t  has been 

termed " high lys ine " maize , and the maj or increas e  in 

nut ri t i onal value was thought to be  due to the increase 

in lys ine . However , Mat tern ( 1 96 9 ) sugge s t s  that the 

increased trypt ophan conc entration in the op-2 endosperm 

may als o  be  of significance in the nutrition of monogastric 

animals .  
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Tables A3 . 1 a  and A3 . 1 b list  published protein and amino 

ac id values for normal hybrid and opaque-2 mai ze respe c t ively 

and may be e ompared wi th the analyt ical values obt ained from 

s amples of the c ons ignment s used in the experiments t o  be 

report ed . Cons iderable variability exist s in values for 

individual amino ac ids , but there is a c lear trend for lys ine 

and t ryptophan value s t o  be higher in the opaque -2 variet ies . 

Hist idine and arginine value s are usually higher in opaque-2 

maize , whi le leucine , tryo s ine and phenylalanine show a 

decrease wi th the mutati on .  

J . 2  MEAT AND BONE MEAL AS A PROTEIN SUPPLEMENT IN RATIONS 

FOR GROWING PIGS 

The previous dis cus s i on has highlighted the biochemical 

bas i s  foJ · t:i1e nutritional inadequacy of the maize grain 

pro t e in as a s o le s ourc e o f  amino ac ids for the young growing 

anima l . In order to  achieve an improved balance of e s s ent ial 

amino ac ids abs orbed , it  has become common prac tice t o  

supplement cereal diet s  with one o r  more feedstuffs c ontaining 

relat ively high concentrat ions of protein of improved quality . 

Meat and bone meal , as a by-produc t of the meat processing 

indus t ry ,  has been wide ly used as a protein supplement in 

pig rations . 

The S tock Food Ac t ( 1 946  and Amendments ) s tates : " If 

the s tock food i s  a meat meal containing les s  than 60 per c ent 

of c rude protein (allowing one per c ent of nitrogen as equiva­

l ent t o  s ix and one quart er per cent of pro t e in ) it shall be 

d e emed t o  be meat and bone meal . . . .  " They c ommonly c ontain 
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approximately 5o% crude protein ( Crampton and Harris ,  1 96 9 ; 

McDonald e t  al . ,  1 966 ; Carr , 1 9 71 ; Pritchard and Smith , 

1 957 ) . 

Although meat and b one meals cont ain high levels of 

c rude protein relat ive t o  c er�als , there is now a consider­

abl e  b ody of evidence to s ugge s t  that the prot ein is of low 

nutritional value (Boyne e t  al . ,  1 96 1 ) .  Us ing Gros s  Pro tein 

Value as  the measure of pr ot ein quality , Duckworth ( 1 955 ) 

reviews the results from the literature for s everal animal 

produc ts  and there is a c lear indic ation that the values 

for meat and bone meals are lower than thos e  for fish meals , 

whale mea t  meals , dried skimmilk or dried butt ermilk powder .  

Thi s  i s  supported by the work of Atkins on et al . ( 1 970 a ,  

1 970b ) , w�o als o  sugges t  that digestibility i s  not the maj or 

fac t or influenc ing this charac t eris tic . In addition ,  meat 

and b one meals are ext reme ly variable in composit ion and 

Underwood et  al . ( 1 950 ) f ound that Biological Values varied 

b e tween 2 9  and 62 with a mean of 46 . In a review of the 

literature , the FAO ( 1 970 ) gives a chemical s c ore value of 

40 from the c o lumn chromo tography me thod and 43 from micro-

b i al as says . The limi ting amino acids are given as methio-

nine plus cys tine and i s oleuc ine by the two methods respect­

ively . One reference quoted gives a det ermined Net  Protein 

Ut ilis a t L on Value of 24 , which may be c ompared to  a range of 

6 3 . 5  to  84 . 0  for fish meals . Us ing purified diets , Terrill 

e t  al . , ( 1 954 ) showed meat and b one scrap protein was inferior 

t o  s oybean o i l  meal or dried skimmilk for growing pigs . 

Thi s  relatively low value as a protein s ourc e may be 

part ly explained by the large and variable proport ions of 

c onnec t ive t i s sue , principally collagen , whi ch has a very 

l ow nutritive value ( Hoaglund and Snider , 1 92 6 )  with a BV 

o f  only 2 5  ( Mitchell et  al . , 1 92 7 ) . Lysine is pres ent at 

low levels in c onnective  tissue protein (Neuman , 1 94 9 )  and 

the inferiority of meat meals for poultry has been remedied 

by lysine supplements ( March et  al . ,  1 950 ; Patrick , 1 95J ) . 

The high ash c ontent of meat and bone meals ( Carr , 1 97 1 ) i s  

due t o  the inclusion of bone , the protein o f  which i s  very 

poor quality s inc e it i s  almos t  entirely c o llagen ( Eas toe 
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and Eas toe , 1 954 ) . The amount of collagen pro t e in in 

relat i on t o  t otal protein in meat and bone meals has b een 

e s t imat ed from hydroxypro line and hydroxylys ine values and 

i s  approximately 6o% ( Eas t o e  and Long , 1 960 ) . Thes e  

authors , in comparing c o llagen with muscle  protein , show 

that c ollagen has low levels  of lys ine , even lower levels  

o f  methionine plus cys t ine and is  almos t  c ompletely devo id 

of t rypt ophan . Therefore collagen mus t  be c onsidered as a 

low quali ty prot ein , and although diges t ibility values 

have not  been determined with any great c ertainty , the lys ine 

values of meat and b one meal may alleviat e marginal defici­

enc i e s  of t hi s  amino acid which may occur in  lives t ock 

rat i ons (Eas toe  and Long , 1 960 ) . Gelat in (which may be 

c onsidered as a purified form of c ollagen due to a s imi lar 

amino acid pat tern) , has been shown t o  have thi s effect  

when added t o  diets  where white  flour supplied the only 

s ourc e of dietary protein for rat s ( Chick and Slack , 1 945 ) . 

I t  may be not ed that Eas t oe and Long ( 1 960 )  give zero values 

for t rypt ophan in the ir s amples sinc e thi s  amino ac id i s  

destroyed under normal c ondit ions of acid hydrolys i s  for 

amino ac id det erminat ions . Other referenc e s  quo t ed , us ing 

microb iologic al ass ays , do  indicate the pre s ence of small 

amount s of t ryptophan . 

Prit chard and Smith ( 1 957 ) c onc lude from a c omprehens ive 

analys i s  of meat meal and meat and bone meal samples that the 

c alc ium and phosphorus content s , the levels of s everal 

vitamins of the B c omplex and the presence of all the e s s ential 

amino ac ids with high levels of lys ine , make thes e  feeds tuffs 

valuable ingredient s for balancing rat ions . However there 

is no acc ount taken of any differential availabilities  that 

may o ccur between the microbiological assays used and the 

lives tock t o  which the meals are to be fed ; or of the low 

leve ls of t ryptophan in the ir meat and b one meal samples . 

They found s atisfac torily low levels of non-amino ac id 

nitrogen ( ammoniacal nitrogen ) . As a result of his s tudies  

with a large number of s amples , Waterworth ( 1 964 ) c omment s : 



60 . 

" ·  . .  Q�ong the meat meals , the avai lability of amino acids 

was generally low , as were the biological values . . • . •  " 

( c ompared to  fish meals and whale meat meals using a micro­

b i ological as s ay ) . 

Lyman et al . ( 1 956 ) have s tat ed : "The dec ided trypt o-

phan d eficiency of . . . .  meat and b one scraps . . . should 1J.rompt 

the use of supplements high in t rypt ophan with ( th i s  pl' oduc t ) " .  

The l ow levels of trypt ophan and methionine which have been 

reported may indicate that meat and bone meal prot e in has a 

l imit ed supplemental value in diets  where a predominance 

o f  the pro t e in is  supplied from cereals which are als o  low 

in  these  amino ac ids . Table AJ . 2  c ontains s ome published 

values for t h e  essential amino acids in meat and bone meals . 

J . J  RATION FORMULATION WITH PARTICULAR REFERENCE TO AMINO 

ACID NUTRITION 

One of the bas ic ob j ectives in nutrit i onal s tudies with 

growing animals is the ac cumulati on of reliable  data which 

will al low for the formulat ion of rations c ons istent with 

the des ired produc t i on ob j ect ives . Informat i on on both the 

nut r i t ional needs of the animal and the compos i ti on of poss ible 

dietary ingredients i s  nec essary s o  that requirements and the 

c orre spond ing supply may be equated . Under c ommercial 

produc t ion syst ems , a c o s t  may be as s igned to the supply of 

each nutrient and therefore for efficiency in both nutritional 

and e c onomic t erms , requirements and feeds tuffs c ompos i t i on 

should be  accurately defined s o  that dietary formulat ions will 

result in the minimum was t e  of dietary c ons t ituent s . For a 

good discuss ion of the role of the product i on economis t  in 

formulat ing 1 at i ons the r eader is referred t o  a paper given 

by Townsley ( 1 972 ) .  

The dis cuss ion in Chapter 2 has highlighted the diffi­

cult ies  which aris e  in accurate ly defining the protein and 

amino ac id needs· of the growing pig.  In thi s  s ection ,  

corresponding difficul t i es in the descript i on of feedstuffs 

and the princ iples involved in the formulation of diets  with 

part icular reference t o  protein and amino acids nutrition wil l  

b e  discuss ed . 
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J .  3 . 1  The Concept of Amino Ac id Balance 

It  has now been we ll e s t abli shed that the growing pig 

must be supplied with t en essent ial amino acids as part of 

the dietary intake for maximum growth to be possible . 

Furthermore , although many fac tors can influence the s pe c ifi c 

value s , individual e s s ent ial amino ac ids are required in 

cer tain abs olute amounts  determined princ ipally by the age 

or b ody weight of the animal . From thi s  ari ses the c oncept 

of a theoret ical spe c t rum of e s s ential amino ac ids which , 

when abs orbed int o the b loodstream and transported t o  the 

s i t e s  of pro tein anabolism ,  will be c ompletely utilised for 

the syn the s i s  of body pro t ein.  A we ll-balanced dietary 

prot e in wi l l  be one which upon dige s tion and absorbt ion of 

the individual amino ac ids , supplies t he animal wi th the 

required amount s of the e s s ent ial amino acids for optimum 

growth (Harper ,  1 959 ) . Proteins of high nut ritional quali ty 

will no t only supply all of the essential amino ac ids , but 

in amount s allowing ne ar opt imum rates  of pro tein synthes i s  

when inc luded at suit ab l e  leve ls in the die t  and as soc iated 

with a given intake . S ince few dietary proteins of an imal 

or vege tab le origin fulfil such a demand , the nutrit ioni s t  

is  c onfront ed wi th the problem o f  exercising me ans by which 

the supply of essential amino acids to  the animal is  the 

mos t  desirable in terms of resultant performance .  He mus t  

also t hi1� i n  terms o f  the efficiency o f  utilising dietary 

ni t rogen , as the protein frac tion of the d i e t  i s  invariab ly 

a re lat ively expensive c omponent t o  supply . 

3 . J . 2  

3 . J . 2 . 1  

Prob lems in the Des cript ion of the Pro tein and Amino 

Ac id Contents of Feeds tuffs 

Limitat ions of the Crude Protein Value 

It is now we ll rec ognised that expres sing the pro tein 

c ontent of a feeds tuff on the bas is  of a chemical analysis  

for  nitrogen is  an inadequate method of  st ating i t s  useful­

nes s  in supplying amino acids t o  the animal ( Sec t ion 2 . 3 . 1 ) .  

Although non-amino ac id nitrogen is  difficult t o  asses s , the 

t o t al amino and amide nitrogen by Kjeldahl analysis  ( from 
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t he ac id hydrolysis  of glutamine and asparagine ) , i s  

usually about 92% of th e t otal ni trogen in c e real grains , 

with a range of 87 . 5  t o  98 . 5% (Bigwood , 1 960 , 1 96J ) . 

However , a Kj e ldahl analys i s  gives no indi�ati on of the 

amino acid balanc e of the pro tein frac ti on . 

J , J . 2 . 2 .  Variability of analytical value s 

Bigwood ( 1 972 ) di s cusses  the hi st ory of how te chniques 

for amino ac id analys is we re developed . An examinat i on of 

the publi shed value s for t he crude protein and amino ac id 

c ontents of various feeds tuffs shows that there can be  

c ons iderab le vari ability , even when c omparing results  us ing 

the s ame method . The FAO ( 1 970 ) have done a s tat i s t i cal 

analysis  of the data they had avai lable for vari ous feed-

s tuffs . Wi th normal hybrid maize , the coefficient of  

variat ion for mo st  of the amino ac ids is 8 t o  1 0% , while 

for lys ine , me thionine and cys tine , which are like ly to  be 

c rit i c al to the ut ilisation of pro tein in c ereal-based 

rat i ons , the value s are 1 J . J ,  1 9 . 05 and 56 . 5% respe c t ively .  

Although the usual me thod o f  column chroma t ography 

does  give highly repeat able  result s , wi th coefficient s of 

variat ion of the order of 1 to  2% for a given sample (with 

the exc ept i on of trypt ophan , methionine and cys t ine ) , there 

does  oc cur wide variat ions be tween laborat ories in the 

accuracy of analysi s .  Environmental , process ing and strain 

d ifferences  may affec t  the amino acid c ontent of a feedstuff . 

Therefore there may be co nsiderable error in us ing published 

value s to describe the amino acid c ontent of a given ingredi­

ent , parti cularly in the case of cy st ine , me thionine and 

t ryptophan (FAO , 1 97 0 ) . 

J . J . 2 . J  Amino ac id avai lability 

The amino ac id c ontent of a feeds tuff i s  usually 

dete rmine d  che mi cally . However the animal i s  only able 

to utilise  for protein synthes i s  those  amino acids which 

are absorbed from the alimentary trac t and made avai lable 
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at th e s ite s for protein s ynthesis  in the body . Errors 

in the evaluati on of the nut ri tive value of t he dietary 

prot e in will occur where the absolute and re lat ive amounts 

of the e s s ential amino acids described by chemi cal analys is  

do not  accurately reflec t  t he produc t s  abs orbed from 

dige s t i on .  The great e s t  effe c t  is  like ly t o  b e  where the 

avai lab i lity of thos e e s s ential amino acids limiting the 

ut ilis at ion of dietary pro t ein i s  impaired in some way . 

Some me thods have been developed which assess  the 

quali ty of  a particular pro tein by a calculat ion based upon 

one or m o r e of the essent ial amino acids . They include 

the Chemical Sc ore method of Block and Mit chell  ( 1 946-7 ) 

and the Essential Amino Ac id Index of Oser ( 1 95 1  ) .  Thi s  

was an important s tep i n  understanding the b i o chemical basi s  

for variati ons i n  the nutritive value o f  different food 

pro t e ins and at t empting to numeric ally describe these  

differences . However in addi tion t o  establishing a suit-

ab le referenc e pat t ern of amino ac ids used to  calculat e 

chemi c al scores ( Payne , 1 972 ) , there is . the difficulty of 

using analyt ical values for amino acid cont ent , rather than 

tho s e  quantities  avai lab l e  t o  the animal . I t  has be en 

established that the avai lability of amino acids likely to 

be c r i t ical to pro tein utilisat ion can be affect ed by heat 

treatme nt , processing , e t c . (Dono s o  e t  al . , 1 962 ; NRC , 

1 95 0 ) , and therefore chemic al sc ores may be serious ly in 

error because availability is  not accounted for . However ,  

in many cases the relat ionship between biological nutritive 

value and chemic al score i s  good (Block and Mi tchell , 

1 946-7 ) , sugges t ing amino acid availability is  not s ignifi­

cant ly influenc ing prot ein quality in most  c ommon f oods . 

There have been s everal rec ent comprehens ive reviews 

published dealing wi th the biological availab i lity of amino 

acids (Gut tridge , 1 962 ; Harper and De Mue lenaere , 1 96 3 ; 

Bre s s ani e t  al . , 1 972 ; Morris on and McLaughlan , 1 972 ; 

Meade , 1 972 ) .  Only a b rief discussion of s p ecific point s 

i s  warranted here . 



64 . 

The term " avai lab i li ty" is  pe rhaps bes t  defined as 

that portion of' an amino ac id pre sent in a pro t e in which 

i s  used f'or growth , development and maintenance of' an 

animal in s o  far as i t  i s  dependent on the dige s t ib i lity  

of' the protein ; pre sence of'  enzyme-resistant pept ide 

linkage s ,  enzyme-inhibiting sub s t ances ,  and the rat e of' 

release of' the amino ac id in the int e s t inal trac t .  I t  is  

now c ommonly recognised that vege table  prote ins are less  

dige s t ib le than animal prot e ins ( Block and Mit chell , 

1 946-7 ) , although the reason f'or this has no t been c le arly 

established ( Bigwood et al . ,  1 972 ) . 
- -

The nutri t ive value of' f'eeds tuf'f' pro teins can vary 

widely ind ependent of' crude pro te in and amino ac id content  

( Boyne et  al . , 1 96 1 ) .  Thi s  i s  particularly evident in 

proces s ed vegetable and animal products , and much of' t he 

variation c an be explained in te rms of' altered animo ac id 

biological availability , and except for cys t ine , with lit tle 

des truc tion of' the amino ac ids themselves ,  ( Miller et  al . , 

1 965 ) . 

3 . 3 . 2 . 3 . 1  Me thods for e s timating availability 

The methods used t o  determine amino ac id availability 

have b een recent ly reviewed ( Meade , 1 972 ; Morrison and 

McLaugh l an ,  1 972 ) .  These authors clos ely examine the many 

te chniques ava ilable and discus s their particular usefulness  

and ac curacy and a full enumeration will no t be at tempted 

here , although it  should be noted that the t erm " avai lab ility " 

may have a different meaning acc o rding to the me thod used 

(De Muelenaere et al . ,  1 967a ; Harper and De Mue lenaere , 

1 963 ) , and that s ome t ake be t te r  acc ount of' the variables 

involved than o the rs ( Gupt a  and E lve ljem ,  1 957. ) . Despite 

the range of' methods avai lable , Meade ( 1 972 ) c onc ludes :  

"There c ontinues to  be a need for d evelopment of'  a rapid 

method f'or determinati on of' ava il ability of' amino acids , 

part icularly as values f'or avai lab le amino ac ids are used 

in c omput er formulat ion of' die t s  f'or poultry and swine . "  

Morr i s on and McLaughlan ( 1 972 ) also  state : " It is  difficult 

to  e s c ape the c onclus i on that rec ommendati ons r egarding 



the mos t  sui table availab i l i ty test  mus t  apply only t o  a 

given produc t processed in a spec ific manner . "  

J . J . 2 . J . 2  Availability of amino ac ids in maize  and meat 

and bone meal 

There is little pub l ished informat ion on the est imated 

avai lab i lity of amino ac ids in the se  two feeds tuffs . 

Oust erhoult et al . ( 1 959 ) , us ing the chick growta as say 

method , quoted the fol�owing per cent amino acid avaj l­

abi l i t i e s  in  their meat and bone me al s amples : 

arginine 7 1  . 4 ,  histidine 7 5 , lysine 1 03 . 7 ,  tryptophan 62 . 5 ,  

me thionine plus cys tine 79 . 2 .  Us ing enzyme hydrolysis  

fo llowed by microbiological assay , Waterworth ( 1 964 ) gave 

the fo llow i ng figures : arginine 28 , histidine 56 , methio-

nine J J , isoleuc ine 48 , leuc ine JJ , valine 42 . There 

appears to be lit tle agreement between these  two me thods 

and further work is obvious ly needed . From th e analys es  

of over 750 samples of  meat and bone meal , Prit chard et  al . 

( 1 964 ) found the maj ority o f  samples had avai lable lysine 

value s ( Carpenter ' s  me thod ) of b etween J . 5  and 4 . 5  avail­

ab le lys ine ( g/1 6 g N )  irrespective of CP c ontent . The 

average value of all sample s examined was 4 . 06 g/1 6 g N .  

Total lys ine values were not quoted , s o  per c ent avail-

abilit ies  are not shown . Meade ( 1 96 9 )  and S t o ckland et  al . 

( 1 970 ) , us ing the leve ls of free amino ac ids in plasma , 

sugge s t  there are qualitat ive differenc es in amino ac id 

avai lab i lity from meat and bone meals but the data did not 

allow any quant itative e s t imati ons to be made . 

For maize als o , there i s  little publi shed information 

and re sults  show little agreement ( De Muelenaere e t .  al . , 

1 967a) . Harper and De Muelenaere ( 1 963 ) have pointed out 

that l i ttle information e xist s on the availability of amino 

ac ids in cereal proteins l arge ly becaus e sui table and reli-

able procedures have yet t o  be worked out . The c ompara-

t ively low availability values obtained for maize by growth 

methods indicates  that fac tors apart from the c onc entrati on 

of the limi t ing amino ac id in the diet are having an effect .  

De  Mue lenaere and Feldman ( 1 960 ) , using the fec al analysis  
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met�od , reported availability figures of : isoleucine 92 . 8 ,  

lys ine 89 . 5 ,  methionine 95 . 3 ,  and threonine 88 . 8 . The 

value for  lys ine can be c ontrasted with thos e  quoted by 

Gupta e t  al . ( 1 958 ) of 49  and 5 1 %  us ing the growth assay 

method . In e stimat ing the avai lability of i s oleucine 

from zein , De Muelenaere and Feldman ( 1 960 )  give values of 

89% by the fecal analys is  method , while a value of JO% was 

obtained by the growth method (Desphande et al . , 1 95 7 ) . 

Linkswiler et  al . ( 1 960 )  in nitrogen balanc e s tudied with 

man , and Ous terhout et al . ( 1 959 ) using a growth assay ,  

both co ncluded that the i s o leucine in maize prot ein was 

highly ava i lable . Howeve r  the data of Bent on e t  al .  
( 1 955 ) , us ing the rat growth assay , sugges ted the isoleuc ine 

in mai z e  had low availability . 

De Muelenaere � t  al . ( 1 967a ) pre sent evidence that 

amino acid imbalance is of ten operat ing to dec rease the 

apparent availability as the protein leve l i s  raised by an 

amino acid mixture free of one amino acid . One c omment 

they make is the fo llowing : " If a pro tein i s  s everely 

unbalanced , as is  the case with lysine and tryptophan in 

mos t  c e ral products , the e s t imat e  of availab i l i ty may be  

low . " A varying rati o  o f  available lys ine t o  true pro tein 

dige s t ibility in their result s sugges ts  that there are 

different fac t ors influenc ing these two parame ters . In a 

s imilar series of experiments investigating the availability 

of other amino ac ids in c e real produc t s , De Mue lenaere e t  al . 

( 1 967b ) also found several fac tors influencing the values 

c alculated . In maize , threonine availability was consist­

ent ly higher by  the fecal abalys i s  method ( range 77 . 5-99 . 4 )  

than by the growth me thod ( range 4 5 . 3-70 . 0 ) , sugge s t ing good 

abs orpt ion but poor ut ilisation of threonine from maize 

protein .  Availability values for  isoleuc ine appeared t o  

b e  influenced by a leucine/isoleuc ine antagonism ; as 

omi t ting leucine from the basal amino acid mixture increased 

the avai lability of i s oleucine from 54 . 1  to 73 . 9% by the 

growth method . The authors c onsider that such antagonisms 

are not likely t o  occur in pract ical diets c ontaining a 

mixture of proteins , s o  such effec ts in the methods used 



should b e  removed as much a s  po s s ible . 

Us ing the ne t amino acid ut ilisation me thod , Harper 

and De Muelenaere ( 1 963 ) gave per cent availab i li ty figures 

of : lys ine 88 . 1 , threonine 9 8 . 8 ,  i s o leucine 72 . 0 ,  valine 

87 . 4 . in maize gluten ; with a value of 64 . 5  for isoleucine 

in zein . They s tate " . . . .  the info nnation currently 

availab l e  ind icates  that the amino a c ids of t he maj or 

cereal grains are quit e  highly available . " However , zein 

pro t ein gives consis tently low figures ,  which may be due 

in part t o  fac t ors  o ther than the amino ac id c ontent . 

S inc e ze j n is the predominant frac t ion in normal hybrid 

maize gra in protein ( see S e c tion J . 1  . 1  . J ) ,  amino ac id 

avai lab i l j ty may be lower in thi s  c ereal c ompared t o  o thers , 

e i ther in real t e rms t o  th e animal or by the current methods 

of est imat ing availability . S inc e the opaque-2  mutat i on 

drast ically alters the zein c ontent of the end o sperm pro tein ,  

the improved nutritive value of t he mutant may be due 

partially t o  inc reased amino ac id avai lability as  well as 

an improved amino acid balance ( Sec t ion ) . 1 . 1  . J ) . Pick 

and Meade ( 1 970 ) found the lys ine in opaque-2 maize appeared 

t o  be as equally avai lable , with i s o leuc ine le s s  so , than 

a reference diet containing synthetic  amino acids , fish 

meal and s oybean meal . Howeve r the plasma amino ac id levels 

used an d the experimental des ign did not allow quantitat ive 

e s tima t ions nor a comparison  with normal hybrid maize . 

I t  may b e  c oncluded f rom a review of the lite rature 

that different ial amino ac id availab ility is likely to o�cur 

b o th wit hin and between animal feeds tuffs . However t he 

inc ons i s t ency in result s by different methods and workers 

does  no t allow a confident asses sment of availab ility in 

any par t icular sample .  

J . J . J  Improvement of Amino Acid Balanc e through 

Protein Supplementat ion 

During the fo llowing discuss i on on prot e in and amino 

ac id supplementat ion , i t  will  be as sumed that energy supply 

is not limit ing protein ut i lisatio n .  The energy c ont ent 
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o f  t�e d iet  has b een shown t o  have a s ignificant effe c t  upon 

indices  of pro t e in quality ( Swanson , 1 959 ; Morrison , 

1 964a ; Lewi s , 1 969 ) .  

In their clas si cal studies of the biochemi cal bas is  

for prote in quality , Block and Mi tchell  ( 1 946/7 ) recognised 

that the nutrit ive value of a mixture of prot e ins  was no t 

s imply the arithme tical mean of the individual pro teins . 

No s ingle value fo r the nutritive value of a pro tein was 

appropriat e  when mixed with others . Much earli er , 

Mit che ll ( 1 924b ) had indi cated that the supplementary 

nature o1 pro teins invalidated the concept of individual 

B iologi c a l  Value s for indiv idual components o f  the die t . 

A re cent review of Bressani e t  al . ( 1 972 ) out lines 

the gene ral princ iple s of protein and amino ac id supplemen-

tat ion . The c onc ept of protein supplementation  invo lves  

an effort t o  mee t  the animal ' s  pro tein requirements , both 

in t e rms of  quantity and quality , by including a mixture 

of pro t e ins in the diet  ( Ellinger , 1 95 8 ) . There are few 

s ource s  availab le which c ontain an adequate level and 

b alanc e of the essent ial amino ac ids , and s ince these  are 

often t oo highly priced for normal animal product ion sys t ems , 

a c omb inat i on of lower priced poorer quality proteins is  

used to  try and achieve the s ame result . Pro t e in supple-

mentat i on c an be  different iated from the use of synthetic  

amino ac ids in  that the former produces an increase in  the 

quant i ty of protein as well . as we ll as an increase in t he 

level of c ertain amino acids which occurs with the lat ter 

(Bres s ani et  al . , 1 972 ) . Lewis ( 1 972 ) pre sents a list  of 

the e s sential amino acids in an order depending upon the 

amount of a hypothetical prot e in supplement required t o  

s at is fy the individual requirement i n  a cereal-based d ie t . 

Protein c omplementat ion involves the s t ep-wise  

replacement of the N supplied from one s ourc e  by another , 

usually at a f ixed to tal N c ontent in the die t . The aim 

i s  t o  relat e animal performance t o  the differing · rat i o s  

and s e e  i f  there i s  any rat io  whe re response i s  opt imum 



and perhaps higher than can be achieved with e ither protein 

alone . From investigati ons with varying proportions of 

cereals and protein concentrates , Bre s sani and Elias ( 1 968 } 

class ified four ways in which BV can vary with changes in 

dietary c ompo s i t ion. True complementation is achieved in 

one type , where the BV from a certain combinat ion of two 

pro t ein s ources  exceeds that for each of the two alone . 

Thi s  suggests  that each was able to  correct s pe c ific  

defic i enc ies  in the other to  provide a t otal amino acld 

balanc e more closely aligned to  the animals ' s  requirements .  

Bre s s ani e t  al . ( 1 972 ) maint ain that the evidence from human 

nutrit i on studies strongly supports the sugge s t ion that the 

c ontent ru1d proportions o f  the e s sent ial amino acids , 

together w i th the ir availab ility , are the mos t  important 

fac t ors  dic tating the value of different pro t e in mixtures . 

Morrison ( 1 9 64b } considered that supplementary relationships 

can often be deduced from amino acid composit ion . However ,  

s ince analyses do no t take account of avai lab ility ,  the re 

remains a need for biologic al tests  t o  show supplementary 

effec t s . Henry and Kon ( 1 958 ) came to  a similar conc lus ion , 

but als o review evidence which sugges ts that the supplemental 

value of different protein sources may be dependent upon 

them b e ing eat en at the s ame time . 

Bigwood ( 1 972 ) giv e s  graphs showing how mixtures of 

prote i11 s ources  vary in the amount s required t o  maintain N 

balance in adult humans . A combination of two pro teins 

in a particular rat io oft en produced a signifi cant drop in 

the t o t al amount of prote in nece s s ary to produce balance , 

sugges t ing a complementary ac tion in the terminology of 

Bre s s ani e t  al . ( 1 972 ) . Smal l sub s t itut ions of wheat or 

maize protein for egg prot e in s light ly reduc ed the required 

amount to maintain balanc e from egg protein alone , so this 

b enefic ial combination i s  pos s ible even wi th high quality 

prote ins . They maintain that the straight line relati on-

ships do not agree with the c onc ept of a single limiting 

amino acid . 



The results  of S ihombing et  al . ( 1 969 ) would 

sugges t  that a s light ly greater pro tein complementary 

effect  occurs with normal mai ze and soybean me al than i s  

evident with opaque-2 mai z e . Although normal maiz e  
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remains inferior with lower levels  of soybean supplemen­

tat ion , at a rat io of 2 5/75 normal maize/soybean meal , the 

growth performance is superior t o  an opaque-2 maize based 

diet at the s ame ratio . Figure J . J . J . 1  illus trate s  the 

effect  of altering the ratio  of the two protein s ources , 

and sub j e c t ive line s drawn through the point s pres ent a 

very s imi l ar pic ture to  one case present ed by Bre s sani et  al . 

( 1 972 , Ty pe III ) of true complementation .  

Block and Mitchell  ( 1 946-7 ) sugges t  that no supplemen­

tation occurs where the limi ting amino acids i s  the s ame 

for two pro teins . Thi s will indeed be the case where the 

re lative concentrations of this  amino ac id does  not differ 

greatly , otherwise  some supplementary effe c t  may occur due 

to an increas ed supply of this amino acid from one protein 

sourc e  as i t  replaces ano ther . 

In ration formulat ion for  comme rcial animal production ,  

pro t e in supplementation has be en us ed in an effort to supply 

an adequate amino acid balanc e at leas t cost . Luc e  e t  al .  
( 1 964 ) d i s c overed that meat and bone me al could replace 

part o f  the soybean me al as  a pro tein supplement , providing 

a greater degree of t otal supplementation was allowable . 

Meade ( 1 9 6 9 )  al so found that meat and bone meal c ould 

replace part of the soybean meal with no reduc t ion in ADG . 

With adequate pric ing different ials between these  two 

pro tein c oncentrates , there may be a financ ial advantage 

from thi s  re search information through prov iding an adequate 

die t with a lower total c o st of protein supplementation . 

Maner e t  al . ( 1 97 1 ) invest igated the supplementary 

relati onships between o paque-2 maize and various s ource s  

o f  pro tein c oncentrate . The res ponses  varied great ly , but 

s imilar to that dis cus s ed above , an inferior prot e in s ource 
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( c or. t on-seed meal ) c ould r eplace a porti on o f  a high 

quality pro tein ( fish meal ) with the same t o t al protein 

c ontent and s till  maintai n  growth rate  and feed convers ion 

effic i ency . However o ther combinations showed no benefi t s  

from the c ombination of s everal pro t eins . F o r  example , 

the pe rformance on an opaque-2/meat meal diet was s imilar 

to that for an opaque-2/meat meal/c otton-seed meal d i e t . 

Although there are significant differenc es be tween 

many natural sourc es of pro t e in ,  the wides t  dtvers i ty in 

amino ac id pat t erns and nutritive value occurs between the 

animal a nd  plant kingdoms ( Bigwood , 1 972 ) . Thus in c on­

siderinG pro t ein supplement s , these two groups are often 

discus s ed s epara tely or  c ontrasted ( crampton and Harris ,  

1 969 ) . The lat ter authors , in compar ing amino ac id 

pat terns of several f8eds tuffs within the se  groups , emphas ise  

the common lys ine deficiency of  plant pro t e in c oncentrat es  

( except soybeans ) and the  r elat ively low leve ls  of  the 

sulphur amino ac ids in many produc t s  of animal origin . 

Therefore there is often v ery limited supplementary effe c t s  

i n  th e c ombinat i on o f  plant protein concentrate s  and c ereal 

grains , as the lat t er are also deficient in lys ine relat ive 

t o  the animal ' s  requirement s ( Sec tion J . 1 ) .  There i s  a ls o  

the added complicat i on that some processes  for deriving 

plant pro t e in c oncentra t e s  invo lve  he at ing , whi ch ,  if not 

carefully c ontro lled , may r educe the supplemental value . 

This o ccurs principally through the loss  of available lys ine 

( Carpenter , 1 958 ; Dono s o  et al . , 1 962 ) , but o ther amino 

ac ids may be s ignificant ly affe c t ed .  

Extens ive s tudies  have  b een c onduc t ed t o  examine 

animal respons es  to t he inge s ti on of wide ly disproportionate 

s pe c t rums of �nino acids re lative to the animal ' s  require­

ment s .  Thi s  work has been c omprehensively reviewed (Harper 

et  a l . , 1 970 ; Rerat , 1 97 1 ) .  The validi ty of assuming 

normal phys iological responses  t o  dietary treatments involv­

ing imbalances  or antagonisms res ulting from amino ac id 

supplementation , and the possibility of such reac t ions 

occurring with natural pro tein mixtures ,  has b een que s t ioned 

( B igwood , 1 972b ) .  Howev er , where certain natural or 



processed protein s ources  have be en comb ined in animal 

feeds , the often exaggerated spectrum of amino acids from 

the sum of the s everal protein sources  would sugge s t  that 

such imbalance or antagonisms c ould o c cur . For example , 
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evidence of a leuc ine-isoleucine antagonism in cereal 

prot eins (Harper et al . , 1 955 ; De Mue lenaere e t  al . , 1 967b ; 

Oestemer e t  al . ,  1 972 ) would sugge s t  that the addi t i on of  

b lood meal , wi th a very wide r atio  of leucine to  isoleuc ine , 

would aggravat e thi s  situat i on in high-cereal die t s . 

Experiment s with poultry ( Mathur e t  al . ,  1 971 ) and rats 

(Ferrando � al . , 1 962 ) show blood meal is  a suitable 

protein supplement at  low leve ls in the diet or only when 

certain amino ac ids are als o  added . '--McDonald e t  al . ( 1 97 1  ) 'v 

point out the tendency for animals to  s c our on diet s 

containing more than 1 0% dried blood . These  observati ons 

support the s ugge s t i on that blood meal may induce imbalance s  

o r  antagonisms in certain c ircumstance s . 

The common t ryptophan defic iency of meat and bone 

meal and mai ze grain ( Sections J . 1 , 3 . 2 ) probably produc e 

an imbalanc e result ing in decreased feed intake and live 

weight gain with increas ing leve ls of meat and bone meal 

( Peo and Hudman , 1 962 ; see  also Table  A4 . 2 ) . Therefore , 

in addition t o  the possibility of no benefic ial effec t  from 

the combinati on of two or more pro teins , the re may als o  be 

a dele t erious effect  on animal performance . 

It r emains d ifficult to  e s c ape the c onc lusi on that 

although tables  or analysed values of amino acid c ont ent 

may be very useful in predic t ing relat ionships b etween 

dietary proteins , t he resultant animal performance from 

feeding the comb inat ion is still ne c e s s ary as the final s t ep . 

J . J . 4  Improvement of Amino Ac id Balance through 

Amino Acid Supplementat ion 

While pro t e in supplementat ion aims to  improve the 

amino a c id balance of a diet  rela t ive  to the animal ' s  

requirement s by the comb inat ion o f  feedstuffs c ontaining 

different types and concentrations of protein , there may 
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be  nntrit i onal ineffic ienci e s  due to  large exc e s s e s  of s ome 

amino ac ids in an at tempt t o  supply adequat e amount s of 

those  c ons idered most  limi t ing . Supplementat i on wi th 

synthet i c  amino acids has the potent ial for a more efficient 

utilisat i on of d ietary pro t e in ( Lewi s ,  1 966 ) by modifying 

essent ial amino ac id balance through the us e of only one 

or more e s s ential amino acids ( Bre s sani , 1 969 ) . 

S everal workers have d iscussed parti cular prob lems 

assoc iated with amino ac id supplementation (Flodin , 1 953 , 

1 957 ; Ros enberg , 1 957 ; Howe , 1 958 ; Scrimshaw e t  al . , 

1 958 ; Waddell , 1 958 ) .  Wadde ll pres ents a c aut i ous apprai sal 

of the me thod of amino acid supplementation and c omments :  

"The guiding princ iple in the supplementation of any diet  

( or foods tuff ) should b e  to  add the most  limi t ing amino acid 

only in the amount needed to bring the total into balance 

with the amount avai lable of the s econd limit ing amino ac id ; 

if it i s  dec ided to supplement als o with the s e cond limit ing 

amino aci d , then both the firs t and s ec ond should b e  brought 

into balance with the third l imiting amino acid . "  He indi-

cates  the danger of adding synthet i c  amino acids with lit tle 

or no regard to the absolute levels  of other e s s ent ial amino 

ac ids pre s ent in the diet . Excessive supplement at ion c an  

reduc e the ut ilisation of protein o r  c ertain amino acids 

even wben lower levels may have been beneficial (Harper 

�! al . , 1 955 ; Bressani and Elias , 1 968 ; Allen e t  al . ,  1 970 ) . 

There i s  also evidence that an exce s s ive intake of some 

essent ial amino ac ids can increase the requirement for o ther 

nutrients such as vitamins ( S auberlich , 1 96 1 ) .  Bigwood 

( 1 972b ) point s out that although amino acid imbalances are 

unlikely to occur in the c ombinat ion of proteins , the re i s  

a hazard when one o r  more individual free amino acids are 

added whi ch are not the limi t ing one s . 

There is  now evidenc e that amino acids mus t  b e  in the 

L c onfi guration to be incorporat ed into proteins by animal 

synthes i s ing sys t ems . Tho s e  occurring in the diet in t he D 

form mus t  be first converted t o  the L form t o  be used in 

protein synthesis . Work with rats shows that ind iv idual 



amino acids  vary in the extent to  whi ch the invers i on c an 

take place upon dige s ti on and abs orpt ion (Berg , 1 959 ) .  

For example , the D and L f orms of me thionine appear t o  
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be  uti l i s ed t o  an equal exte nt , while L-lysine shows no 

evidence o f  invers ion in the rat . The growing pig appears 

to res pond in a s imi lar manner ( Rerat and Lougnon , 1 968 ) 

and therefore the i s omeri sm o f  the synthetic amino ac ids 

to  be  added should be a c onsiderat ion . 

Cannon et al . ( 1 947 ) review the evidence that there 
-- --

should b e  s imultaneous availabili ty of the e s s ent ial amino 

ac ids at the s it e s  of pro t e in synthes i s  for maximum ut ilisa­

tion ,  s i nc e  absorbed amino ac ids are not stored at the 

anabolic s i tes  t o  any s ignificant extent . A t ime interval 

any greater than 0ne hour between the inges t ion of an 

incomple t e  amino ac id :nixture and i t s  supplementat ion wi th 

the mis s ing amino ac ids resulted in failure of t is sue 

synthes i s . A t ime inte rval in the arrival of amino ac ids 

at the s i t es of pro tein synthes i s  c ould occur due t o  an 

uneven digestion and abs orpt i on of protein frac t i ons or 

different ial rat e s  of abs orpt ion of amino acids derived 

from synthetic forms in the diet  and those releas ed from 

dietary proteins . Porter and Rolls ( 1 971 ) inves t igat ed 

proteolys i s  in the small int est ine of the rat and c onc luded 

that tbe re can be enzyme-re s i s tant pept ides which are broken 

down at a slower rate . If the compos it ion of th ese res i s-

tant pept ides does not reflect  that of the original prot ein 

but c oncentrate certain amino ac ids , this c ould have an 

important effec t on pro t e in uti lisat i on .  The se  authors 

als o point out that if there is any marked discrepancy 

between the rates  of abs o rpt i on of t he amino ac ids of the 

pro t e in and the supplemental amino ac id , the efficiency 

of ut i l i s ation of the supplement may be reduced . This  c ould 

result s in over-estimation of the requirement for this amino 

ac id ( Rerat and Lougnon , 1 96 8 ) .  Rolls ( 1 970 ) found that 

free amino acids were generally abs o rbed more rapidly than 

protein-bound amino a c ids in the rat . From the above 

discus s ion it may be concluded that supplementat ion of 

naturally occurring pr otein diets  with synthet i c  amino acids 
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may have a lower e��e c t ivene s s  than the ore t ic ally e s t imated . 

In experiments supplementing groundnut meal rations 

�or growing pigs with synthe tic  amino ac ids , Jones e t  al . , 

( 1 96 1 ) xons idered that more rapid abs orpt i on o� added �ree 

lys ine caused a slight imbalance o� amino ac ids and r educ ed 

the effectiveness  of supplementat ion at higher crude protein 

leve ls . However , Bre s s ani e t  al . ( 1 9 72 ) review s tud ies  

whi ch show that die tary pro tein leve l c an in�luence the 

degree to w·hich the die t is limi t ing in a part icular amino 

ac id ( als o  Sect ion 2 . 3 . 1 0 ) .  Thi s  occurred only where 

energy was not  limiting the utili sat ion o�  dietary pro tein .  

The s e  authors conc lude that in the prac t i c al application 

o� amino ac id supplement ation there is a need t o  c ons ider 

the leve l o f  protein in the die t . This  is in support o� 

the c omment s o� Waddell  ( 1 958 ) concerning the importance 

of abs o lute and re lat ive leve ls o� amino acids in supple­

ment ed die t s , and s imi lar c onc lus ions are als o  made by 

Dent et al . ( 1 970 ) .  Bressani ( 1 969 ) has ind i cated a further 

danger in the supplement at ion of cereal diet s wi th amino 

ac ids . Even small addit ions o� other pro teins to cereal 

grain diets  may alter amino acid balance s o  that supplemen­

t at ion with amino acids showing improvement with cereals 

alone may even decreas e the protein quality o� the mixed 

die t .  

Ost rowski ( 1 96 9 ) reviews the evidence �or lys ine being 

the �irst limit ing amino ac id in mo st  growing pig diet s .  

Braude e t  al . ( 1 972 ) , as an introduct i on to  the ir work , 

s tate : " ·  . .  the great e s t  value o� lysine supplementation 

may lie in the pos sible replac ement o� pro tein conc entrates , 

s ince the lat ter are by �ar the mos t  expens ive dietary 

c omponents . "  They do  not att empt an ec onomic appraisal 

of their re sult s , but c onsider that the high c o s t  o� animal 

protein should provide an incentive to  �urther s tudy o� th e  

s upplementation o �  cereal protein with synthetic  amino ac ids . 

Through the accurate use o�  synthetic  amino ac ids , i t  may 

b e  pos s ible  t o  reduce the overall pro tein level of the diet 
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and s till mee t  animal requirements ( Mertz  et al . ,  1 952 ; 

Evans , 1 962 ; Gallo e t  al . ,  1 968 ; Gipp and Cline , 1 972 ) .  

However a point may be reached where the level of to tal N 

bec omes crit i c al . Work with infants has sugges ted that 

the minimum protein requirement is much greater than the 

sum of the req�irements for  e ssent ial amino a c ids (Holt , 

1 95 9 ) , and o ther workers have sugge s t ed that the rat i o  o f  

non-essent ial t o  essential amino ac id N should be approxi­

mat e ly 1 /1 ( Mi t chell et al . .  , 1 96 8 ; Stucki and Harper , 1 962 ) . 

However Lewis ( 1 972 ) conc luded from work with chicks tha t :  

" ·  . .  there would appear t o  be no c as e  for inc luding non-amino 

nitrogen as a supplement in the diet  unti l  a very sub s t antial 

part of the e s sent ial amino a c id needs we re met by add ing 

free synthe t i c  amino acids . "  

Despite the many aspect s which mus t  be c ons idered , 

and the pos s ible delet erious effec t s  which have been out­

lined ab ove , Lewis ( 1 966 ) concludes :  " Thi s work ( Rob inson 

and Lewis , 1 96 3 ) has demons trated the practical pos s ib i l i ty 

of direc t ly supplement ing pig rations with amino ac ids . "  

J . 4  THE USE OF THE NITROGEN BALANCE TRIAL WITH GROWING PIGS 

�he bas ic princ iple of a balance trial invo lves  

me asuring the intake and output from the body of a part icular 

nutrient or e lement and calculat ing the amount depos i t ed or  

depleted from the tis sue s of  the animal by difference ( Duncan , 

1 966 ) .  Thomas ( 1 904 ) was the first to  s tandardise  a method 

evaluating the quality of dietary protein us ing a balanc e 

measuring N input and output from the body .  The proport i on 

of absorbed N which i s  actually re tained is taken as . , an 

indication of the nutritive value of the dietary pro t e in and 

which Thomas c alled Biological Value . Although inges t ed N 

may be used for purpos e s  other than prot ein synthes i s  

( Bigwood , 1 972b ) , the N balance t rial as sumes that the 

principal func t i on of dietary N i s  t o  form musc le prot e in in 

the young growing animal . The initial me thod of Thomas 

has been greatly mod if ied , extended ( Mitchell , 1 924a ; 
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Mi t chell e t  al . , 1 926 ; Bender et a l . , 1 953 ) and crit icis ed 

(Hegs ted , 1 969 ) over the ensuing years , but the t echnique 

has provided much valuable informati on on prote in met ab o l i sm 

( Duncan , 1 966 ) . The princ ipal obj ect  of this  sect ion is  

t o  critically examine the N balance me thod , and highlight 

the problems as sociated with these  studies in growing pigs . 

S t andard pro cedures and calculat i ons invo lved in N bal nnc e 

work have been adequat e ly reviewed (Munro , 1 964a ; Allison , 

1 964 ; Den Hart og and Pol , 1 972 ) . 

Crampton and Harris  ( 1 969 ) list  the two mos t  s erious 

limitations of the N blanac e me thod as : difficult i e s  in 

e s t imat ing endogenous faecal N and metabolic urinary N t o  

calculat e T rue Biological Value s , and also the signific ant 

effect that leve l of pro tein intake has upon biological 

values . The f ormer may be overcome by acc ept ing calculated 

values or us ing " apparent " values for NR . and BV , assuming 

an ins ignificant effec t  of diet ary treatment upon the s e  forms 

of N output . Although there are s everal fac tors which can 

influence the s e  forms of N excre t i on ( Den Hartog and Pol , 

1 972 ; Pere t and Jacquot , 1 972 ) , this lat ter as sumpti on 

would seem t o  be reasonab le for many experiments on pro t e in 

nut rition where treatment s do no t differ to any great extent 

in proximat e analys i s . To help in this  problem , two rapid 

techniques  for es timat ing endogenous los ses  have been 

recent ly dev eloped ( Rerat , 1 971  ) . 

Exper iment ers have acknowledged the effec t o f  l evel 

of  pro tein or feed int ake upon b i ological values by 

s tandardis ing the s e  parameters fo r comparis ons be tween 

different pro t eins . 

Often i t  may be of int ere s t  t o  know the d i s tributi on 

of N depos iti on in the body or t e s t  for po s s ible redi s tribu­

t i on of body protein ( Munro ,  1 964c ) , which the N b alance 

in its elf i s  unable to examine . 

Nitrogen retent ion , est imated by the difference of 

input to  output , should give s imilar result s  to o ther 



methods giving the s ame parameter s uch as  in vivo e s t ima­

t i ons and c ohort analys i s . Dunc an ( 1 966 ) discus ses  s ome 

of the earlier work which showed oft en s ignificant 

differences be tween balance and c ar ca s s  analys is  methods 
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and t he pos sible reasons for the se d i s crepancies . It  was 

noted that these  differences  were usually great e r  at 

higher protein intakes .  More att ent i on to detail in t he 

balance experiment s , particularly in relation t o  reducing 

errors in the c ollect ion and analys i s  of excreta , often 

produced a much closer agreement between the two methods . 

However , e rrors in the c ohort analy s i s  method have als o  

been sugge sted a s  po s sible reasons for disparity . Calcu� 

lat ing NR by difference allows for the magnification of  

errors in the analys is  of feed and excreta (wat erlow e t  al . , 

1 96 0 ) . The Kj e ldahl method of analys ing for N i s  rou t inely 

used , but there i s  evidence that it may underes timate N 

content in some cases ( Dunc an , 1 966 ; Martin and Skyring , 

1 962 ) . Due t o  losses  of material or  N ,  intakes are 

generally overe s t imated and output underest imated . Als o , 

some losses  of N ,  such as in hair and skin , may not be  

measured at all . All these errors c ombine t o  exaggerate 

NR ,  but providing standard methods are used and N intake s 

are equal , c omparisons remain valid (Waterlow , 1 960 ) . 

�acquot and Peret ( 1 972 ) dis cu s s  the influence of  

the t e s t  animal upon a biological as s ay of  pro tein qual i ty , 

in this c ase PER with particular reference t o  the rat . 

Strain , age and sex have been shown t o  influence  protein 

and amino ac id nutri tion in the growing pig ( se cti ons 2 . J . 6 , 

2 . 3 . 8 ,  and 2 . 3 . 9 ) .  The firs t two variables can often b e  

s tandardised , but the influence o f  s ex usually remains 

a problem . Since i t  i s  necessary t o  collec t dung and 

urine separate ly for dige s t ibility and utilisat ion dat a , 

female pigs pres ent difficult ies  in accurate s eparati o n .  

Without a surgic al operat ion this  c annot b e  achieved i n  

prac tice , and mos t  re s earchers resort  t o  the exc lusive us e 

of cas trated male s t ock for balance s tudies with pigs . 

Dent e t  al . , ( 1 9 70 ) conc luded that f emale s t o ck were mor e  
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efficient convertors of lys ine and energy into live weight 

and lean meat gain. Therefore there is  likely to be  a 

reduc t ion in the s ensi tivity of the experiment through the 

use o f  barrows ( Bayley and Summe rs , 1 968 ) and any s ex by 

t reatment interac tion may alter the ranking of treatment s 

in NR criteria . Studies demonstrat ing int eractions 

involving sex for  various criteria have been discus s ed 

( Sect ion 2 .  J .  8 ) , and therefore c aut ion must be e:xJ�rc i s ed 

in relat ing the result s  of balance s tudies to  a mixed 

population ( Carr and Dunkin , 1 969 ) . Balanc e s tudi e s  are 

usually res tric t ed to  pigs of more than 20 kg live weight 

where sep� �at e c o llec t ion of dung and urine is  desired , 

as smalle r animals pres ent difficult ies of'  accurate 

separation. 

For c o llec tion of' excreta , experi mental anima ls need 

to  be confined individually in s ome f'orm of' me tabolism 

cage and this  ne cessarily provides an environmental change 

f'rom the normal commercial sys t ems of housing pigs in groups . 

With the pos s ib ility of' st ress  f'ac tors  being as s oc iated with 

thi s  change , or some o ther reac t i on to be ing housed 

individually , the re ari ses  the problem that there may b e  

a dif'f'erent or phys iologically abnormal re sponse to  die tary 

t reatment ( ARC , 1 967 ) . However the evidence f'or differ­

ent ial respons e s  due to  the change in environment i s  

confli c t ing . One s tudy , us ing a re stricted f'eeding s cale 

f'or pigs of undefined sex kept individually in metab o li sm 

c ages or in penned groups , sugge s t ed that the f'ormer grew 

s ignificant ly s lower and had fat ter  carcas ses  ( Livingst on 

et  al . , 1 969 ) . Cole et  al . ( 1 966 ) us ing ad libi tu.m 

f'eeding and cast rated males ,  also  found caged animal s  had 

slower growth rat es  due to a r educed volrmtary feed intake . 

They calcu lated that only half of this effec t  c ould b e  

explained by a reduced energy requirement , although there 

would be difficulties invo lved in an accurate as ses sme nt 

of the influence of' reduced exe rc i s e  and any change in 

energy requirements asso ciat ed with the abs ence of a pos s ible 

influence of' o ther members ' body heat upon the individual ' s  



micro c limate . ( For a dis cuss ion o f  heat losses  from 

individual and groups of pigs , see Holmes , 1 968 ) . Thes e  

workers sugge sted the results indic ated a danger in 
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applying result s from work with met ab o lism crates  to  general 

husbandry condit ions . Other workers have obtained differ-

ent ia! growth rat e s  but c ontradictory to those  discussed 

above ( Woodman and Evans , 1 95 1 ; Os lage and Fliege l , 

1 964 ; Batterham and Manson ,  1 970 ) .  Woodman and Evans 

at tributed the d ifference to decreased muscular act ivity 

in the c ages . The pigs in the expe riment of Os lage and 

Fliege l  were at a near maximal feed intake and the increased 

growth ra t e  in the cages was small ( 2% ) . Bat terham and 

Manson ( 1 970 ) no t ed a trend for superi or growth rat e s  and 

feed c onvers ion effici enc ies  in c ages but indicated that  a 

dire c t  c ompari s on was not pos s ible s ince the different 

housing conditions w�re not balanced for lit ter or s ex .  

With the pos s ib i l i ty of stress  inf luenc ing N me tabolism 

through a change in endocrine ac t ivity , Pearlman and Cas s idy 

( 1 953 ) pres ent evidence  that hormonal changes can influence 

NR and the dis cus s i ons o f  Munro ( 1 964c ) and Leatham ( 1 964 ) 

c ont ain reviews o f  the effec t  o f  hormones upon prote in 

me tabolism.  

There appears to  have been no sys temat ic work 

c onducte d on how long the animal should be on the experimental 

treatment before balance studies are c onduct ed .  Both th e  

quant i ty and the quality of dietary prot ein c an have a 

s ignificant impac t upon the intra-cellular c omposi tion of 

t is sue s , particularly the liver ( Allison , 1 964 ) . In 

reviewing this aspect  of protein met ab o lism , Allison ( 1 964 ) 

pres ent s  evidenc e for the protein/DNA rat io and the quant i ty 

of RNA in liver and mus c le being influenced by N intake and 

prot e in quality . For the animal . to be in a s t eady phys i o -

logi c al s t at e  i n  relation to  the imposed dietary treatment , 
t 

� �  there will nedd t o  be suffic ient t ime for various mechanisms 

of the body , .... part icularly the enzyme system , to adjust t o  

any changes i n  nutrient intake . It  is  common for thi s 
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pre l�minary period t o  be of 1 0-1 4 days  durati on ( Las s i t e r  

et  al . , 1 956 ; McConnell et  al . ,  1 971 ) ,  although s ome have 

been less ( Cromwe ll et al . , 1 969 ) . 

In an at tempt to minimise any inf luence o f  s tres s  

and al so  t o  regularise the gu t  cont ents o f  the animal 

before c o l lection takes place , an ac climitisati on period , 

where the animal is  plac ed in the me tabolism cage _ i s  

usually inc orporated int o the experimental progranune at the 

end of the pre liminary peri od . The rate of pas s age of 

feed thr ough the gut of 23 t o  86 kg pigs has been e s t imat ed 

at 50 hours ( Cas t le and Cas t l e , 1 957 ; Kidder e t  al . , 1 96 1 ) . 

Therefore the ac climitisat i on period should be approximately 

three days  t o  allow the exc re ta c ollected at the c ommencement 

of the balance to be re lated to the condit ions for the 

remainde r  of the period . 

Examining the length o f  the collection period , 

Lass iter  e t  al . ( 1 956 ) c onc luded that a seven day c o llec tion 
- -

period offered little advantage following a preliminary 

period o f  suffic ient length ( 1 0  days in the c ollect i on 

crat es ) over a five day c o llect ion period . In determining 

the length of the c ollec t i on period , there mus t  be a compro­

mis e  between the need to c ollect  suffic ient data for statis­

tical reliab ility and the influenc e of  the increasing age 

or wei ght of the animal ( S e c t ion 2 . J . 6 ) . Periods of five 

to seven days are commonly decided upon (Robinson et al . , 

1 964a ; O s trowski , 1 969 ; Cromwe ll et  al . , 1 969 ; McConnell 

et  al . , 1 971  ) . 

Although more thorough work with smaller laborat ory 

animals i s  c ommon , usually only N leaving the b ody in urine 

and faec e s  is ac counted for in s tudies  with pigs . Thi s  

necessarily assumes that o the r los s e s  such a s  i n  skin and 

hair , are c omparat ively ins ignificant and c ons t ant between 

dietary changes in prot ein and amino ac id nutrit ion . S ome 

workers have pos tulated o ther important avenues of N loss  

from the body , such as in respired air  ( Cos t a ,  1 960 ) , t o  

explain NR with n o  change in weight . However  Lewi s  and 
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Evanb ( 1 971 ) c onc luded that thi s  i s  most  unlike ly in rat s 

and chicks , and that c arefully executed s tudies  show no 

c ons i s t ent discrepancy between balance and c arcas s analysis  

method s  for e s t imat ing NR .  The errors involved in  e s t i­

mat ing N output have been d ivided by Blaxter ( 1 966 ) int o 

random errors ass ociated w ith sampling and sys t ematic  errors 

invo lving princ ipally inco mplete c ollec tion of excreta ur 

deteriorati on of samples be fore analys is . SampL ..ng and 

often sub-sampling is  ne c e s sary in balance  work with pigs , 

and the random errors can only be minimis ed by careful 

mixing and sampling wi th analyses d one in dupli cate or 

tripli c at e .  Incomplete c o llection of excret a  or  lo sses  

of feed  offered are large ly overcome by the des ign and 

proper adjus tment of the me tabolism cages . However the 

method of c olle c t ing excre t a  can influence the degree of N 

loss  b efore analys is . To prevent the loss  of N as ammonia 

from urine , it may be co llected under t o luence ( Carr and 

Dunkin ,  1 969 ) or  mineral ac id added to  lower the pH (Martin ,  

1 966 ; Carr , 1 97 1 ) .  The results of Mart in ( 1 9 66 ) and work 

at the Mas sey University Animal Physio logy Uni t  (unpublished ) 
has shown that little N lo s s  oc curs from faeces  or ac idified 

urine when only collect ed once dai ly at normal ambient 

temperatures .  Faeces  are usually stored in a freezer 

unt i l  analysis , while urine can be sat isfac torily kept in 

a chi l ler . In analys ing faeces s amples , s ome workers have 

found unacceptably high l o s ses  upon drying ( Raymond and 

Harr i s , 1 954 ; Colovos e t  al . ,  1 957 ) , although others found 

smaller lo s s e s  with careful  drying ( Saben and Bowland , 1 971 ) . 

To avo id pos s ible drying losses , some workers have developed 

techniques using wet fae c e s  (Raymond and Harr i s , 1 954 ; Carr 

and Dunkin , 1 96 9 ) . 

Goldsmi th et al . ( 1 952 ) have lis ted o ther variables  

which they c ons ider require careful evaluati on in relation 

t o  int erpreting the re sult s of N balance expe riments .  

Thes e  are re lat ed princi pally to the effect  of energy on 

prot e in metabolism and are as follows : total daily calorie 

int ake , dis tribution of non-protein calories in the d ie t , 

the re lati on of total dietary prot e in to the caloric value 
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of the rat i on ,  the t ime fac t o r  in feeding , the d i s tribut i on 

of animal protein over the day ' s  me al , general physiologic 

s tate of the animal and the s tatus of b ody protein s t ores . 

The previous discuss ion has highlighted the maj or 

difficult i e s  as s oc iated wi th N balanc e studies for growing 

pigs . Although some of thes e  are s i gnificant in certain 

s ituations , the N balance technique is  still regarded as a 

useful experimental tool  often used in conjunc t i on with 

other criteria ( Las s i ter et  al . , 1 956 ; Braude e t  al . , 1 968 ; 

Carr and Dunkin , 1 969 ; O s trowski , 1 969 ; Jones e t  al . , 

1 962 } . Several workers have found that NR as e s timated 

by the b alance technique gives  a good correlat i on to the 

amount o f  edible meat in the c arcas s ( Jone s et al . , 1 962 ; 

Jung and Piatkowski , 1 967 ; McC onnell et al . , 1 972 ) .  



CHAPTER 4 :  MATERIALS AND METHODS 

4 .  1 EXPERIMENT 1 : THE GROWTH TRIAL 

4 .  1 • 1 Introduct i on 
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In relat ion to  the obj ec tives r eferred t o  previously 

( Chapt er 1 ) , growth rates and feed conversion rat i o s  for 

growing pigs fed the experimental die t s  des cribed below 

were examined over the weight range 2 3-50 kg . 

ment s of carcas s compos it ion were undertaken . 

4 . 1  . 2 .  Compo s i ti on of the Experimental Diets 

4 . 1 . 2 . 1  Mai ze and meat and bone meal 

No measure-

S everal s tudies have shown that meat and bone meal 

is an inferior protein s ource  c ompared to many o ther feed­

stuffs of high protein c ont ent ( Section 3 . 2 ) . However it 

was used as the supplement in these  experiment s b ecaus e of 

its large scale us e in comme rc ial pig produc t ion in New 

Zealand . 

The pro t e in leve l of experimental diets  de signed 

to inves tigate the order of limiting essential amino ac ids 

is  important . In a discus s i on of amino ac id supplementa-

tion of c e real grain die t s  for children , Bre s s ani ( 1 96 9 )  

c onc ludes : " The result s of the ext ens ive animal experi-

mentat ion indicat e that t o  be  able t o  show the order of 

defic i ency in a protein , it is ne c e s s ary t o  decrease its  

level o f  intake . "  The die t s  used in this experi ment were 

low in c rude pro t e in c ont ent and in t he supply of certain 

essential amino acids re lat ive t o  s tated requirement s for 

pigs of the weight range used (ARC , 1 967 ) .  Thi s  was t o  

allow f o r  a more sens it ive b ackground so  that res ponse s  

t o  amino acid supplementati o n  would be more evident (Harper , 

1 964 ; Rerat , 1 97 1 ) .  Formulati ons giving a c omme rcially 

acceptab l e  level of performance were not the aim of this 

experiment . 
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Table  4 . 1 . 2 . 1 . 1  gives a part ial proximate analysis  

o f  the three princ ipal dietary ingredient s .  

TABLE 4 . 1  . 2 . 1  . 1  

Frac t ion 

Moi s ture 

Ether Ext rac t 

Ash 

Crude Pro t e in 

A partial Proximat e Analysis of the maize  

and meat and b one meal used in  Experiment s 

I and II ( per cent of air dry sample ) .  

Normal Opaque-2 Meat and 
Mai ze Maize Bone meal 

1 0 . 0  1 0 . 0  6 . 0  

4 . 3 5 . 0  1 1  . 8 

1 .  2 1 . 3 28 . 6  

8 . 0  9 . 0  44 . 3  

The higher ether extrac t ,  ash and crude pro t e in values 

fo r opaque-2 maize as compared to  normal maize i s  in agree­

ment with published c omparisons ( Cromwe ll et al . , 1 967 , 1 968 ; 

Klein et al . ,  1 971 ; Gipp and C l ine , 1 972 ) .  However the 

reference s  quoted al s o  usually showed a higher dry matter 

c ontent in opaque-2 mai ze . 

4 . 1 .  2 . 2  Leve l of inc lus ion of meat and bone meal 

A pre liminary experiment ( pre liminary Trial B ) on a 

small s c a l e  was conduc ted to  e stimat e the leve l of meat and 

bone me al which would be mos t  suitable for the planned 

experiment . 

The c ompo s i t i on of the d i e t s  and the results pertain­

ing to pre liminary Trial B are summarised in Table A4 . 2 .  

This  indicat es  that wi th the diets  used , there was no 

advantage in terms of live weight gain from increas ing the 

level of meat  and bone meal ab ove 1 0% of the diet . On the 

basi s  of thes e  result s , a 1 0% inclusion rat e for meat and 

bone meal was used . 



4 . 1 . 2 . J  Supplementati on with synthetic  amino acids 

The discussion in Sect i ons J . 1  and J . 2  indicat e s  

that , in die t ary c ombinations o f  maize  and meat and b one 

meal , lys ine , methionine , tryptophan , iso leucine and 

threonine may b e  crit ical amino ac ids limiting the growth 

of the young animal . 

87 . 

A preliminary Trial A ( c ompo sit ion of diet and results 

summarised in Tables A4 . 1 a  and A 4 . 1 b )  ind icat ed thar ne ither 

lys ine nor methionine were likely t o  be first limit ing t o  

growth on all-maize diets {with vitamin/mineral supplementa­

tion) . 

Trypt ophan , lys ine and methionine in synthet ic forms 

were added to the experiment ac c ording to a des ign t o  be 

de scribed . 

In view of limited faci lities , only one level of 

supplementation with each amino ac id was pos s ible . For 

the purpose  of the se experiment s ,  the biochemi cal data from 

the analy s i s  of normal hybrid mai z e  and meat and bone meal 

samples were used to calculate the amounts of L-lysine . 

HC1 and DL-methionine hydroxyanalogue required t o  sat i s fy 

e s timat ed requirements .  {Trypt ophan values \vere e s t imat ed 

from the literature for the ini t ial  calculati ons , but an 

analyti ca l  method was subs equent ly used and the re sult 

included in later calculat ions . )  In adopting this approach , 

there was the pos s ibility of leve l s  of the supplemented 

amino acid s  be c oming imbalanced with remaining e ssent ial 

amino ac ids { Wadde l1 , 1 958 ) , but the higher leve l s  were 

used in an effort to  obtain definable re sponses . Wi th the 

incons istent published values for the availability of amino 

ac ids in maize  and meat and bone meal ( Section J , J . 2 . J . 2 ) 

there was lit t le just ific at ion in using any other value s 

than thos e  resulting from chemical analys is . 



8 8 . 

� /  The levels  of supplementation with L-lysinet HCl ,  

' . " 

DL-methionine hydroxyanalogue and L-t ryptophan , purity as  

s t at ed by the manufac turer in bracke t s , were as fo llows ; 

expre s sed on an air dry bas is : 

L-lys ine . HCl 

DL-me thionine 
hydroxy analogue 

L-trypt ophan 

0 . 3 7 ( 98% )  

O . JO ( 92% ) 

0 . 1 0  ( 9o% )  

4 . 1 . 2 . 4  Mine ral and vi tamin additives  

In formulating the experimental diets , the aim was 

to supply adequate amount s of all known nutrient s nec e s s ary 

for optimum. performanc e in the growing pig apart from the 

amino acids . Table A4 . J  gives the c omposit ion of a 

proprietary mineral/vitamin premix as  supplied by the 

manufac turer , t ogether wi th the recommendat ions of the 

ARC ( 1 967 ) .  At the s t ated  level of inc lusion ( 0 . 22% ) , the 

supplement provided adequate leve ls of all the c ons t i tuent s 

for which requirement s have been e s t imated apart from 

choline and thiamine . However , published figures sugge s t  

that predominan t ly maize d i e t s  are n o t  likely to  be limit ing 

in these  two components ( ARC , 1 967 ; Crampton and Harr i s , 

1 96 9 ) . 

8st imated requirement s for S odium and Chlorine are 

0 . 1  and 0 . 1 5% of the dry mat ter of die t s  for growing pigs 

respect ively . ( ARC , 1 967 ) . Pure finely ground s alt was 

added at a level  of 0 . 2 5% ( air dry bas is ) t o  satisfy this 

requirement apart from any contributi on from the two main 

ingredient s .  

Recent research has indicated that the availab i l ity 

e s t imate s  for calcium and phosphorus in pig rations as 

previously used ( ARC , 1 967 ) are l ikely to be in e rror 

( Whittemore et  al . , 1 972 ) . There fore e s t imate s  of minimum 

l evels  will probably b e  adjus ted from tho s e  which were used 

in  the formulat ion of the experimental rations . Although 

the high ash c ontent o f  meat and b one meal (Table 4 . 1  . 2 . 1 . 1 ) 
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c ont Qins s ignificant quant i t ies  of calcium and phosphorus , 

the availability i s  unc ertain and t o  ensure suffic ient 

suppli e s  of the s e  two e lements , steamed boneflour was 

inc luded at a level of 2% ( air dry diet ) .  

The level of nicotinic ac id in the diet deserves 

part icular attent ion because of the well estab lished abi lity 

of the growing pig to c onvert tryptophan into nico t inic 

ac id when the lat ter i s  being c onsumed at inadequat e levels . 

(ARc , 1 967 ) . Furthermore , the ARC review evidence that the 

nico tinic ac id present in maize i s  almo s t  completely unavail-

able to  the pig . To r educe the pos s ibi lity of dietary 

t rypt ophan being metabalised to provide niacin , an addi tional 

amount ( 2 g/1 00 kg ) of the pure vitamin was added , further 

to that supplied in the vitamin/mineral premix . 

The t otal amino ac id analyse s  of the s ample s of t he 

maizes  and of the meat and bone meal used in the experiment s 

are given in Table A4 . 5 .  The compos i ti ons of the c omplete  

mixed diets  are tabulated in Table 4 . 1  . 2 . 4 . 1  and their  

c alculat ed am ino ac id c ontents for  6 of  the essent ial amino 

acids are pres ented in Table s 4 . 1  . 2 . 4 . 2  and 4 . 1 . 2 . 4 . J  as 

per cent of dry matter  and per meal ADE ( apparent dige s t ible 

ene rgy ) respect ive ly . 

4 . 1  . J  The Experimental Des ign 

The four variables  under c onsiderat i on : maize type 

and th e  levels  of dietary lys ine , me thionine and t ryptophan , 

suggested a 24 fact orial arrangement with 1 6  treatment s .  

With research facilities  permit t ing individually feeding 

64 pigs , 4 replications per treatment were pos s ible . It  i s  

generally acc epted that with non-fact orial des igns , 8 repli­

cations per t reatment are r equired to  detec t  s ignificance 

differences  of a me aningful magnitude in growth s tudi e s  with 

pigs . However ,  the efficiency o f  the fact or ial de s ign ,  

which al lows for the us e of every treatmen t result in the 

analysis  of the mean effects  ( Snedecor and Cochran , 1 967 ) , 



T A B L E  4. l .  2. 4. l Gro s s  compo s i t i on ot t h e  d i et s  u s ed I n  Exp er i me n t s 1 a nd 1 1 ' . '  

GROUP I 

T r ea tment f\lo. 1 2 3 4 5 6 7 8 
Code (6) ( 1 )  I I t .; m l / m t  � p i  p t  p m  p m l t  

Opaqu e- 2 m a i z e  (kg) 87. 2 5  8 7 .  5 87. 2 5  8 6. 7 
Nor m a  I ma i z e  (kg) 87. 5 87. 0 86. 75 87.  0 

Mea t  & bone m e a l (kg) 1 0. 0 1 o. 0 1 o. 0 

Sa l t  (kg) 0. 2 5  0. 2 5 o. 2 5  

Mi n. & v i t .  supp l
(2) 

o. 2 5  o. 25 0. 2 5  
(kg) 

Bone f lou r (kg) 2. 0 2. 0 2. 0 

N i co t i n i c  ac i d  ( g )  2 .  0 2 . 0 2. 0 

L- ly s i ne HC I
( 3 )

(g)  3 7 0  3 7 0  
DL-met h i o n i ne (4) 

hy droxy -ana logu e  (g) 300 

L- try p tophan 
( 5 )  

(g) 1 00 1 00 

( 1 )  Mean dry m a t t er content 8 9. 0 %  

( 2 )  Refer T a b l e  A4. 3. 

( 3 )  92 % ac t i v i ty .  

(4) 98 %  act i v i ty .  

(5) 90 % act i v i ty 

1 o. 0 

0. 2 5  

0. 2 5  

2.  0 

2. 0 

300 . 

1 00 

1 o.  0 1 0 . 0 1 0 . 0 

o. 2 5  o. 2 5  0. 2 5  

o .  2 5  o. 2 5  0 .  2 5  

2 . 0 2. 0 2. 0 

2 .  0 2 .  0 2. 0 

370 

3 00 

1 00 

(6) p ,  m ,  I and t i nd i cate d i e t s  cont a i n i ng opaqu e-2 m a i z e ,  

met h io n i n e ,  ly s i ne and tryptophan r espec t i ve l y .  

1 o .  0 

0. 2 5  

0. 2 5  

2 .  0 

2. 0 

3 7 0  

3 0 0  

1 00 

GROUP 1 1  

9 1 0  1 1 1 2  1 3  

I ; t m m l t ' p 

8. 75 
�<J 

87. 25  8 ,..., . ::;  87. 2 5  8 6. 75 
1 o. u 1 o. 0 1 o. 0 1 o. 0 1 o. 0 

0. 2 5  0. 2 5  0. 2 5  0 . 2 5  0 . 2 5  

0. 2 5  0. 25 o. 2 5  0. 2 5  0. 2 5  

2 . 0 2 . 0 2. 0 2 . 0 2. 0 
2. 0 2. 0 2. 0 2. 0 2. 0 
370 370 

I 300 300 
1 0 0 1 0 0 1 00 

1 4 
p l t '  

8 7. 0 

1 o. 0 

0. 2 5  

0. 2 5  

2 . 0 

2 . 0 

3 7 0  

1 0 0 

1 5  1 6 
pm I" p m t  

86. 7 5  87. 0 

1 o. 0 1 o. 0 

o. 25 o. 2 5  

o .  2 5  o .  25 

2 .  0 

2 . 0  

370 

300 

2. 0 

2. 0 

300 
1 00 

\0 
0 



TABLE 4 . 1 . 2 . 4 . 2  Calculated amino acid c ontents of the experimental die t s  ( %  dry mat t er ) 
Diet 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  

Lys ine 0 . 50 0 .  9 1  0 .  9 1  0 . 49 0 . 98 0 . 57 0 . 57 0 . 98 0 .  91  0 50 • . 49 0 .  9 1  0 . 57 0 . 98 0 . 98 0 . 57 
Methionine 0 . 1 6  0 . 1 6  0 . 50 0 . 50 0 . 1 6  0 . 1 6  0 . 50 0 . 50 0 . 1 6  0 .  1 6 0 . 50 0 . 50 0 . 1 6  0 . 1 6  0 . 50 0 . 50 
! cyst ine 0 . 1 4  0 . 1 4  0 . 1 4  0 . 1 4  0 . 1 6  0 . 1 6  0 . 1 6  0 . 1 6  0 . 1 4  0 . 1 4  0 . 1 4  0 . 1 4  0 . 1 6  0 . 1 6  0 . 1 6  0 . 1 6  
Meth.+ Cys . 0 . 30 0 . 30 0 . 64 0 . 64 0 . 32 0 . 32 0 . 66 0 . 66 0 . 30 O . J O 0 . 64 0 . 64 0 . 32 0 . 32 0 . 66 0 . 66 
Tryptophan 0 . 08 0 . 20 0 . 08 0 . 20 0 . 1 3  0 . 24 0 . 1 3  0 . 24 0 . 08 0 . 20 0 . 08 0 . 20 0 . 1 3  0 . 24 0 . 1 3  0 . 24 
I s oleuc ine 0 . 39 0 . 39 0 . 39 0 . 39 o .  41  0 .  41  0 .  41  0 .  4 1  0 . 39 0 . 39 0 . 39 0 . 39 0 .  4 1  0 . 4 1 0 . 41 0 . 4 1 
Leuc ine* 1 .  30 1 . 30 1 . 2 9  1 .  30 1 . 1 3 1 . 1 3 1 . 1 3 1 . 1 3 1 .  30 1 . 30 1 . 30 1 .  2 9  1 . 1 3  1 . 1 3 1 . 1 3 1 . 1 3 
Threonine 0 . 42 0 . 42 0 . 42 0 . 42 0 . 50 0 . 50 0 . 50 0 . 50 0 . 42 0 . 42 0 . 42 0 . 42 0 . 50 0 . 5 0  0 . 50 0 . 50 

* Rat io  of leuc ine t o  i s oleucine : normal mai ze 1 : 3 . 3 ,  opaque-2 maize 1 : 2 . 7  

TABLE 4 . 1 . 2 . 4 . 3 Calculated amino acid c ontent s of the expe rimental diet s  ( g/mcal apparent dige s t ible energy ) 
Diet 1 2 3 4 5 6 '] .  8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  

Lys ine 1 . 5 1  2 . 76 2 . 76 1 .  48 2 . 97 1 .  72 1 .  72 2 . 97 2 . 76 1 . 5 1  1 . 48 2 . 76 1 .  72 2 . 97 2 . 97 1 .  72 
Methionine 0 . 48 0 . 48 1 . 5 1  1 . 5 1  0 . 48 0 . 48 1 . 5 1  1 . 5 1  0 . 48 0 . 48 1 . 5 1  1 . 5 1  0 . 48 0 . 48 1 . 5 1  1 . 5 1  
t cys t ine 0 . 42 0 . 42 0 . 42 0 . 42 0 . 48 0 . 48 0 . 48 0 . 48 0 . 42 0 . 42 0 . 42 0 . 42 0 . 48 0 . 48 0 . 48 0 . 48 
Meth .+  Cys . 0 . 90 0 . 90 1 .  93 1 .  93 0 . 96 0 . 96 1 .  99  1 .  99 0 . 90 0 . 90 1 .  9J 1 .  93 0 . 96 0 . 96 1 . 99  1 . 99 
Tryptophan 0 . 24 0 . 60 0 . 24 0 . 60 0 . 39 0 . 72 0 . 39 0 . 72 0 . 24 0 . 60 0 . 24 0 . 60 0 . 39 0 . 72 0 . 39 0 . 72 
I s oleucine 1 . 1 8 1 • 1 8 1 . 1 8 1 . 1 8  1 .  24 1 . 2 4  1 . 24 1 .  24 1 . 1 8 1 . 1 8 1 . 1 8 1 . 1 8 1 .  24 1 • 24 1 . 24  1 . 2 4  
Leucine 3 . 94 3 . 94 3 .  9 1  3 . 94 3 . 42 3 . 42 3 . 42 3 . 42 3 . 94 3 . 94 3 . 94 3 .  9 1  3 . 42 3 . 42 J . 42 3 . 42 
Thre onine 1 . 2 7  1 . 2 7  1 .  2 7  1 .  2 7  1 . 5 1  1 . 5 1  1 . 5 1  1 . 5 1  1 .  2 7  1 .  2 7  1 . 27  1 .  27  1 . 5 1  1 . 5 1  1 . 5 1  1 . 5 1  

\0 ..... 
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sugge s t s  that the lo ss  in precision may not be as great as 

the reduc tion in r eplic at ion from 8 t o  4 would sugge s t . 

The fo l lowing table illust rat es that the error degree s  of 

freedom in the analys is  of variance ,  an indic ati on of the 

s ens i t ivity of the expe ri ment in de t e c t ing significant 

differences , only moves from 49 to 4 1  when the number of 

treatments is inc reased from 8 to  1 6  over the same numbP r 

of animals . Therefore the 1 6  treatment des ign wa s adopt ed . 

TABLE 4 . 1  . J . 1  Analysis  of variance table for 8 and 1 6  

treatment s with 64 ob servat ions 

S ource d . f . ( 8 treatments ) d . f . ( 1 6  treatment s ) 
Mean 1 1 

Blocks 7 7 

Treatment s 7 1 5  

Error 49  41 

Total 64 64 

With 1 6  treatments and 8 b locks , it became ne ces sary t o  

c onfound one fact orial effect wi th the differences  be tween 

blo cks . Cochran and Cox ( 1 957 ) pre sent a design which 

c onfounds the third order interac t ion with blocks by combin­

ing all the treatment s which have a pos itive coeffic ient in 

the assessment of thi s interac t ion in one group , with the 

treatments c arrying the negative c oefficient in the o the r .  

The arrangement of the treatments , t ogether with 

the ir c ompo si tion ,  is shown in Table 4 . 1 . 2 . 4 . 1 . 

4 . 1  . 4  Experime ntal Hous ing and Facilities  

The tes t  house was a modern t otally enc losed fac ility , 

with the inte rnal fitt ings set  for thi s  experiment t o  provide 

8 pens , each with 8 individual feeding bails . Figure 4 . 1  . 4 . 1  

gives a view down the central rac e , showing the ind ividual 

feeding troughs , rope pulls for o pe rat ing the locking gat e s , 



FIG . 4 . 1 . 4 . 1 Internal view of the 

t e s t ing fac ility used for Exper iment I .  

93 . 
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and the sheet metal gate par t itions for the dunging are a 

behind the feeding bai ls . Entrance into the adj acent 

s leeping area was by a doorway approximately 250  cm wide . 

By means of a movable part i t i on ,  the s leeping area c ould 

be varied in relat ion to the number and size of the pigs 

in each pen . Each sleeping area had an opening approxi­

mately 40 by 1 2  cm high up on the ext ernal wall , which by 

means of a sliding panel , c ould be varied in area .  Two 

extrac t or fans were s ituated in the roof near the mid-line 

of the building with manual individual J-speed c ontrol . 

Heat lamps were used, in each sleeping area for 2-3  weeks 

after th� animals were moved in . However , fo llowing this 

init ial adj u s tment period , the ext rac tor fans and inlet 

duets  ove r  the s leeping areas were used to try and keep 

the inte rnal environn.2nt as c ons tant as pos s ible . Drinking 

wat er was available ad lib itum from aut omat ic  nozzles  

s ituated in the dunging area . 

4 . 1  . 5  The Experimental Animals 

4 .  1 . 5 .  1 Selection 

A t otal of 64 pigs c omprising equal numbers  of 

c astrated males  and female� ,  were s e lected on the bas i s  of 

age and weight when they weighed approximate ly 1 0  kg . They 

were from 8 cros sbred litters : 

1 Large White  x Berkshire ; 1 

Landrac e . 

6 Large White ·X Landrac e ; 

( Large White x Landrac e ) x 

B arrows and gilts were ranked separately ac cording 

to  we ight , and then each d iv ided int o 4 groups e ach compris­

ing 8 ind ividuals of s imilar weight . 

4 . 1 . 5 . 2  Pre-experimental managemen t 

Pigs were weaned at J-4  weeks of age and fed ad libitum 

a " s tarter"  rat i on bas ed on b arley and buttermilk powder . 

They were transferred in groups of 8 to  the t e s t  house when 

the average weight was �pproximate ly 1 0  kg and fed 820 g/pig/ 

day of the s tart er ration .  Groups were ass igned t o  pens 



on a wei ght and s ex bas i s , s o  that on each s ide o f  the 

c entral race , groups of gi lt s and barrows of a s imilar 

weight were allo tted oppo s i t e  pens . 

9 5 . 

I t  was observed in the two preliminary trials that 

animals often reac ted to  an abrupt change from a barley­

bas ed t o  a maize-based rat i on by a drop in appet ite for 

s everal d ays . Where the nut rient balance of the diet was 

favourable , individuals soon adjusted to the new die ts , but 

where thi s was no t the c as e , refusals pers i s t ed .  For t he 

above reasons , a pre-experimental diet based on maize was 

formulat e d  calculated t o  have a suitable balance of nutri­

ent s for pigs in the weight range 1 0-25 kg ( ARC , 1 96 7 ) . 

Both opaqu e -2 and normal mai ze were included in e qual 

proport ions to allow adaptat i on to any difference s  in 

palatab i l i ty between the two maizes . The c ont ent of the 

pre-experimental die t , together with es timated levels  for 

the amino acids mos t  like ly to be critical in c ereal -

based d i e t s  ( Sect ion 3 . 1 ) i s  shown in Table A4 . 7 .  

Changeover from the s tarter to  the pre-experiment al 

mix occurred at approximat ely 1 6  kg live weight and the 

feeding level was adjus ted t o  680 g/pig/day , in a s ingle 

feed unt i l  20 kg when the level was inc reas ed to 820 g 

( Table 4 . 1  . 5 . 2 . 1  ) .  The feed was given onc e dai ly in a grue l 

form . K v  difficult ies were experi enced in c hanging from 

the s tart er to the pre-experimental die t . 

4 . 1 . 5 .  3 Allocat i on of t reatments 

Each group of treatments  (Table 4 . 1 . 2 . 4 . 1 ) was allo­

c at ed at random to  the pairs of pens facing each o ther 

acros s  t he central race ( one of barrows and the o ther gilts ) , 

and then the 8 treatments in each group dis t ributed at 

random to the individuals in each pen .  Figure 4 . 1  . 5 . 3 . 1 

gives a d iagrammatic outline of the final layout . 



TABLE 4 . 1 . ,5 . 2 . 1  Daily Feed allowance ( kg ) acc o rding 

t o  live weight ( kg ) fo r the pre­

expe rimental and experimental periods 

for Experiment s  I and II . 

+ 

Live Weight 

1 6 . 0  

1 8 . 0  

20 . 5  

2 3 . 0  

2 5 . .5 
2 8 . 0  

J0 . 5 

33 . 0  

35 . .5 
38 . 0  

40 . 5  

43 . 0  

45 . 5 

48 . 0  

50 . 5  

53 . 0 

55 . 5  

Pre-Experimental 

0 . 68 

0 . 68 

0 . 82 

Experimental+ 

0 . 92 

1 • 02 

1 • 1 3 

1 • 24  

1 .  34 

1 .  44 

1 • 52 

1 .  60 

1 .  67 

1 .  75 

1 • 83 

1 • 88 

1 • 96 

2 . 04 

Mean apparent dige s t ible energy c ont ent of d i e t s  

3 . 88 meal/kg dry mat ter ( Table A5 . 6 ) . 

96 . 



Pen 

Treatment Group 

S ex 

Pen 

Treatment Group 

Sex 

F IG .  4 .  1 • 5 .  3 .  1 

1 

II 

B 

8 

II 

G 

2 

I 

G 

3 

I 

B 

C entral Raceway 

7 

I 

B 

6 

I 

G 

4 

II 

G 

5 

II 

B 

Final layout of the Tes t  House 

for Experiment I (B = barrows , 

G _ = gil ts ) .  

4 . 1  . 6  Procedure during t he Experimental Per iod 

97 -

E ach animal was weighed weekly , and 2 day s  before 

the s tart of the experimental pe riod ( 2 3  kg ) , the leve l of 

feeding was inc reased to  920 g/pig/day . The s c ale of 

feeding during the experimental period is detai led in 

Table 4 . 1  . 5 . 2 . 1 . This scale  was adopted in view of the 

pers i s t ent and substantial refusals which were rec orded 

in each of the preliminary t rials for which the higher 

s c ale of feeding shown in Table A4 . 4  was followed . The 

experimental s c ale of feeding repre sented 95% on a dige s t ­

ible ene rgy basi s  o f  that described by the ARC ( 1 967 ) .  

Pigs were fed individually once  daily , with water added t o  

the meal t o  form a grue l ,  but the rati o  of meal to water 

was no t rigidly specified . The maximum period animals 

were allowed acc e s s  to the feed was 4 hours . After thi s  

t ime , any feed which had n o t  been c onsumed was c ollec t ed . 

Daily refusals for each pig were bulked for a 7 day period 

( s omet imes varied 1 or 2 day s  either way ) . Afte r  thorough 

mixing and weighing (neares t  5 g ) ,  a s ample of approximately 

400 g was accurately weighed and the dry mat ter  c ontent 

det ermined by drying ( 7 1 °C for 48 hours ) .  Us ing a common 

dry mat ter  value for the original experimental diets  
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( 89% e s t imated by the s ame drying proc edure ) , the air dry 

we ight for the bulked refusals was c alculated . 

Short ly after transfer into the test  hous e , all 

animals were treated for internal and external parasi t e s � 1 ) 

The s e  treatment s were repeated during the 

experimental peri od . 

Troughs , feeding b ai l s  and dunging pas s ages were 

c le aned once daily .  

A t  the terminat i on of the experimental period 

( 50 kg ) , average daily gains and feed convers i on rat ios  

for e ach plg were calculated . 

4 . 2 EXPERIMENT II : THE NITROGEN BALANCE TRIAL 

4 . 2 . 1  The Aims of Experiment II . 

4 . 2 . 1 . 1  As for Experiment I but u sing ni trogen balance 

as the means of asses sment . 

4 .  2 . 1 . 2 To determine the apparent dige s t ible energy 

of the die t s  us ed in Experiment I .  

4 . 2 . 2  Compo s i t ion of the Experimental Diets  

Due to  limited faci lities  only one half of the 

treatments used in Experiment I c ould be inc ludr.d in 

Experiment II ; these were those  des ignated group II 

(Table 4 .  1 . 2 .  4 .  1 ) . 

( 1 ) � 
" At gard" D ichlorvos lig Anthi lment ic T . V . L .  
Lab orat ory Ltd . " I . C . I .  Mange and Lic e  Dre s s ing" for 
farm animals .  I . C . I . ( N . Z . ) Ltd . 
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4 . 2 . 3  The Experimental Des ign 

A total o f  30-35 individual balance determinations 

was c ons idered to be a reasonable number for the purposes  

of this inves tigat ion . To examine any poss ible  effect  of 

age or  weight upon N met ab o l i sm in response to dietary 

treatment , it  was cons idered desirable to c onduct balances  

at  two we ight s .  This sugge s t ed 1 5-1 7 balance s  �t  each of  

the we ights .  S inc e there were 1 6  t reatment s  in  the growth 

trial , investigat ion of all these diets  by nitrogen balanc e 

would have al lowed only one observati on per t re atment at 

each we j g h t . As indicated above , 8 treatment s from tho s e  

used i n  Expe riment I were chosen ,  and this permit ted twg 

replic at ions within balance s  and treatment s . Although it  

was cons idered unl ikely that signifi cant differences  would 

be detec t ed under these  c ircumstances , any trend s  c ould 

provide useful informat ion . 

Therefore the treatments used in Experiment II 

corresponded to  a part ial factorial design .  

4 . 2 . 4  Experimental Housing and Fac i lities 

The experimental faci lities  provided 1 2  ind ividual 

holdine  pens in one room and 8 metabo lism cages in ano ther . 

Both rooms were fully enc l o s ed wi th the ambient temperature 

c ontrol led by a heating/co �l ing unit . The thermos tat was 

set  at 2 1 °C for the durati on of the experiment . 

Figure 4 . 2 . 4 . 1  shows 3 of the metabolism cages with 

cage 2 ready for use . Both the length and width of the 

c rates was adjust able . 

4 . 2 . 5  The Expe rimental Animals 

4 . 2 . 5 . 1  Selec t i on 

S ixteen barrows were s e lected at approximate ly 1 5  kg 

on the basis  of age . As there were 8 me tabolism cages , 



FIG . 4 . 2 . 4 . 1 A v i ew o f  s ome o f  the me t ab o l i sm c ag e s  

u s e d  in Expe r i ment II . ( N o t e : The me t ab o l i s m  c age 

numb e r e d  2 i s  f i t t e d  out ready f o r  an expe r i me n t a l  run : 

wi th a t ray f o r  c at ching s pi l l e d  f e ed , p o lythene urine 

c o l l e c t ing funn e l  l e ad i ng int o a glas s wo o l  f i l t e r  

laying o n  w i r e  gauze wi th a s m a l l e r  funne l  s e t  i n  t h e  

l i d  o f  t h e  p l as t i c bucke t ,  and a p la s t i c s he e t  l ay in g  

on the f ae c e s  c o l l e c t ing t ray at the r e ar o f  t h e  c age ) . 

1 00 .  



the 1 6  animals were s elec ted as two groups of 8 pigs , 

spaced in t ime . Within groups , animals were t aken from 

no more than 4 litters . 

4 . 2 . 5 . 2  Pre-experimental management 

1 01 . 

Following selection , pigs were transferred individu­

ally t o  ho lding pens and fed and treat ed as for Experiment I 

animals . 

4 . 2 . 5 . 3  Alloc at i on of treatment s 

Within each group o f  8 pigs , treatment diets  were 

allocated at random . Each remained on the s ame diet for 

the durat i on of the experiment . 

4 . 2 . 6  Procedure during the Experimental Period 

Feeding and management during the experimental 

period was s imilar to that for Experiment I .  However , as 

animals reached 30 kg and lat er 43 kg , they were transferred 

from holding pens individually to metabolism c ages for 

periods of 7 days ( 3 days pre-collection period and 4 days 

c o llec t i on period ) , fo r the purpose  of e s timat ing nitrogen 

balanc e , dietary ADE and ME (metabolisable energy ) . 

The proc edure followed for the collect ion of faeces  and 

urine and for the sampling and chemical analys i s  of excreta 

and feed were the same as those  described by Carr and Dunkin 

( 1 971 ) except that urinary energy was als o determined . 

For this purpo s e , duplicate 50 ml samples of urine were 

freeze  dried ( approximate ly 3 days ) in petri dishes lined 

with light plas t ic of a known weight and determined energy 

c ontent . The folded plas t i c  containing the dried urine 

was then ignited in an adi abat i c  bomb calorimeter ( 40-5o% 

of the t otal energy being repre sented by the plas t ic ) . 

The two balance s  were designated A ( 30 kg ) and 

B ( 43 kg ) . 

S ince there were no s eparate feeding bails in the 

holding pens , feed refusals were c o llec ted 2 4  hours after 

e ach feed in Experiment I I .  
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4 . 2 . 7  S tat i s t ical Analys i s  

The data o f  nitrogen and energy dige s t ib i lity were 

s ub j e c t ed to analys is  by the split -plot method ( Snedecor 

and C ochran , 1 967 ) with experimental diets ( treatments ) as 

the main plots  and . balance s  ( A and B)  as sub-plo t s . By 

this me thod it was hoped t o  de tect  any balance by t reatment 

inte rac tions as well as balance and t reatment effects  

s eparat ely . To be valid , main plot and sub-plot treat-

ments mus t  be as s igned at random . '  Thi s  condit ion did no t 

hold for the pre sent experiment , s ince the expe rimental 

diets  ( ma i n  plo t s ) were d i s tributed at random within the 

two groups of replicates  for balance A ( sub-plot ) , but the 

animals re mained on the same experimental diet subs equent 

t o  balance A and during balance  B .  Therefore the error 

terms in the s tatistical analys i s  will be biased , but this 

was no t c onsidered to be a seri ous limitation for the pur-

pos e s  of this analy s i s . The split-plot  des ign al lows 

more precise  informati on t o  be gained on the sub-plot treat­

ments ( Snedecor  and Cochran , 1 967 ) . However ,  there was 

l i t t le difference in the pre sent experiment , 7 and 8 d . f . 

for the main plot  and sub -plo t errors respect ively , and 

the loss  of 1 d . f .  in the sub-plot error due t o  mis sing 

data for s ome parameters meant this error mean square was 

often t h e larger of the two . 

In addition t o  the analysi s  of variance with part i­

t i oning of any s ignific ant ( p < 0 . 05 )  treatment sums o f  

squar e s , the Duncan Mult iple Range Tes t  was used for c ompari­

s ons between treatment means . 

The treatment s used c orresponded to a part ial 

fact orial arrangement whi ch resulted in confounding of 

fact orial effects  in the partitioned t reatment sums of 

squares . The main effe c t s  P ,  M ,  L and T were confounded 

with the second order interac t ions ( -MLT , -PLT , -PMT and 

- PML respe c t ively ) , but s ince interactions o f  this o rder 

are only likely to as sume s ignifi cance with very large 

responses  t o  the main fac t ors (Snedecor and C ochran , 1 967 ) , 

this was not c onsidered a s erious l imitat i on in the present 
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s tudy . The firs t order int erac tions PM , PL and PT were  

c onfounded with the negat ive c oefficient s of the other 

int eract i ons of this order ( - LT , - MT and - LM respect­

ive ly ) . 

Calculat i ons in the analysis  of variance were taken 

t o  6 dec imal places  but are rounded t o  3 dec imal plac e s  

for pres entation .  



CHAPTER 5 :  RESULTS AND DISCUSSION 

5 . 1 EXPERIMENT I :  THE GROWTH TRIAL 

5 .  1 • 1 Health 

1 04 .  

Prior  t o  transfer and for s ome t ime subsequent to 

the move t o  the test hous e ,  tail bit ing occurred in s ome 

of the pens . In mo s t  cases  the incidenc e s t opped after 

2 - 3  weeks and the affec ted ones healed satisfac t orily .  

However , f r om one pen two individuals (numbers 3 3  and 4 9 ) 

had t o  be iso lated for 2 4  days and treated with ant ibiotics  

to  fac ilit� � e  healing . This  occurred while the animals 

were on treatment , but as i t  was pos s ible to return them 

t o  the pen and growth rat e was not s ignificantly affec ted , 

the data from these animals  was inc luded in the analy s i s . 

Four animals were wi thdrawn from the experiment 

before the 50 kg final weight was reached . Thi s  dec is i on 

was made when no gains had been recorded over the preceding 

2 week period and/or serious weaknes s  in the hind legs was 

evident . The cause of the leg weaknes s  syndrome was not 

c lear , although a veterinarian diagnosed one case as 

infe c t i ous arthritis . I t  is  pos s ib le that the general 

malnut rition and protein depletion which occurred with these  

animal s  ( refer Section 5 . 1 . 2 )  predisposed them t o  infect ion . 

However ,  alternat ive explanati ons include s ome spec ific 

inte rac tion with the die t s  being inge s ted , and the longer 

periods the se  animals remained in the feeding bails ( a 

maximum of 4 hours ) ,  although the latter cause seems unlikely . 

I t  was c onsidered that sufficient observati ons had b een 

recorded on these  animals for regress ion of l ive we ight on 

t ime t o  give growth rate information for inc lusi on in the 

s tat i s t ical analys is . The terminating weight s used were : 

44 . 0 ,  38 . 8 ,  4 1 . 3  and 43 . 1  kg for pig numbers 9 ,  1 0 ,  34  and 

3 5  respect ively . Batterham ( 1 970 ) records that one animal 

deve loped paralysis  in the hind legs on a mai ze/meat and 



1 05 .  

b one meat diet supplemented with lys ine and a MVA ( mineral , 

vitamin and ant ibiotic } supplement . 

5 . 1  . 2  Feed Refusals 

Although a study of feed refusals was not one of the 

o riginal aims of this exper iment , they did provide informa­

t i on o f  s ome interest . Significant feed refusals and low 

growth rates  were rec orded for s ome individuals , in agree­

ment with earlier observat ions us ing s imilar diets  

( Table  A4 . 1 b ) . The t otal feed refusals rec orded are sum­

maris ed i n  Table 5 . 1  . 2 . 1 . 

There appeared t o  b e  a strong re lat ionship between 

the frequency and extent o f  refusals and treatment . A Chi 

t est  was c onducted or. the t otals , and as suming the expec ted 

refusal to tal for each treatment was zero , the treatment 

effec t  was highly signifi cant ( p <  0 . 005 ) . 

However the re were large differenc es be tween individual 

pigs receiving the same diet . This was part icularly 

not ic eable with treatment 9 ( code 1 ) ,  where one barrow had 

no refusals rec orded . I t  is  intere s t ing t o  note that this 

pig , No . 33 , was withdrawn and treated for t ai l  biting after 

being on experiment for 1 5  days . From Table A5 . 2  which 

l i s t s  t he refusals on a weekly bas i s , it  c an  be seen that 

the two pigs showing the gre atest  t otal refusals had s tart ed 

refus ing within 2 weeks o f  being introduced t o  the diet . 

Although pig 34 did not begin refus ing unt i l  the fifth week , 

i t  s eems unlikely that the lack of refusals for pig 33 was 

due t o  the preferent ial t reatment . 

Table 5 . 1  . 2 . 1  suggests  that supplementati on of normal 

mai ze/meat and bone meal diet s  with lysine and methionine , 

alone or in c ombination , produced a signifi c ant drop in 

appe tite . Similar supplementation of opaque-2 maize had 

the s ame effec t ,  but much less severe . Whereas adding 

b o th methionine and lysine gave the highes t  t otal weight of 

refusals with normal mai ze , the lysine supplemented diet 

gave the highest  ' total with opaque-2 maize . 
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TABLE ,2 . 1 . 2 . 1 Individual and t reatment refusal t otals 

(kg ) for Experiment I ( air dry weight ) . 

Pig No . Sex ( 2 ) Tr . No . Code ( 1 ) Refusal Tr . 
Total Total 

1 B 1 

m 
0 . 8 

2 B 1 5 . 3  
4 G 1 0 . 6  6 . 7  
9 B 3 ml 1 7 . 9  

1 0  B 3 - ml 7 . 9  
1 1  G 3 ml 2 9 . 4  
1 2  G 3 ml 3 2 . 2  87 . 4  

1 7  B 5 pl 0 . 8  
1 8  B 5 pl 2 . 0  
1 9  G 5 pl  4 . 2  
2 0  G 5 pl 2 . 5  9 . 5  

2 5  B 7 pm 3 .  1 3 .  1 

3 1  G 8 pmlt 2 . 0  
32 G 8 pmlt 0 . 8  2 . 8  

34 B 9 1 1 0 . 5  
35  G 9 1 3 0 . 0  
36 G 9 1 1 8 . 9  59 . 4  

4 1  B 1 1  m 0 . 4  
42 B 1 1  m 1 8 . 2  
43 G 1 1  m 1 5 . 9  
44 G 1 1  m 3 . 4  37 . 9  

46 B 1 2  mlt 0 . 3 0 . 3 

50 B 1 3  p 0 . 8 
5 1  G 1 3  p 0 . 2  
52 G 1 3  p 1 .  3 2 . 3  

5 4  B 1 4  plt 0 . 2  
56  G 1 4  plt 1 .  4 1 .  6 

57 B 1 5  pml 0 . 8  
58  B 1 5  pml 0 . 3  
60 G 1 5  pm1 5 . 3  6 . 4  

6 1  B 1 6  pmt 1 .  2 1 . 2 

( 1 ) p = opaque...:2 ( 1 ) = normal maize 

m = methionine 1 = lys ine 

t = tryptophan 

( 2 ) B = barrow G = gilt  
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Diets  3 ,  9 and 1 1  ( and t o  a le s ser ext ent 5 and 1 5 ) ,  

appeared t o  produce the c lassical symptom of' amino acid 

imbalance viz , reduced voluntary intake (Harpe r , 1 970 ) . 

Acc ording t o  the theory d eve loped from extens ive s tudies ,  

princ ipally by Harper and eo-workers with rats  ( reviewed 

in Harper e t  al . , 1 970 ) , one way in which an imbalance c an 

be induced is by supplementation of' the diet with an amino 

ac id o ther than the one firs t  limit ing in the die tary 

prot e in .  Thos e  close s t  t o  the crit ical amino ac id in 

t erms of' deficiency are l ikely t o  have the gre ates t  ef'f'e ct , 

f'or examp l e  the second limiting amino ac id (Harper e t  al . , 

1 964 ; Bake r e t  al . , 

( 1 964 ) may b e  noted : 

1 968 ) .  However the c omments of' Harper 

" The amino ac id balance of' c orn is 

such that s everal amino acids are limit ing f'or the rat f'ed 

a diet of' corn and imbalances among these may be produced 

readily by amino ac id supplementation .  I t  i s  therefore 

d ifficult to  dis tinguish among deficienc ies , imbalances and 

antagonisms in corn diets  supplement ed with amino ac ids . "  

The addition of' t ryptophan to  any di et  supplement ed 

with either lys ine and/o r  me thionine , eliminated refusals 

almo s t  ent ire ly .  It can be inferred therefore that tryp-

t ophan was first limit ing , certainly in diets  c ontaining 

normal maize . Since greater refusals occurred with lys ine 

rather than methionine supplemented normal-maize diets , 

i t  i s  also c onc luded that lys ine was second limit ing . 

Although the differences are les s  d efinite , s imilar con­

c lus i ons can be drawn f'or the opaque-2 maize diets . 

Acker et  al . ( 1 95 9 ) found a significant reduc tion 

in feed c onsumption of' pigs f'ed a 1 4% CP c orn/soybean rat ion 

supplemented with lys ine at the higher levels ( 0 . 1 and 

0 . 1 5% )  of' those they use d  and at tributed this to  a palat-

abi lity ef'f'e c t . They had reco gnised the depre s s ing effect s  

of' excess  amino ac ids in o ther spe c ies and were careful t o  

add only t o  the extent o f'  the c alculated deficiency of' each 

amino ac id . However ,  this implies  that they added the 

synthetic  amino acid t o  rais e  the total leve l in the diet 

up to the animal ' s  requirement with no referenc e t o  the 
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c onc entrat ion of' the s ec ond limit ing amino ac id ; ( Waddell , 

1 95 8 ) ; therefore an imbalance c ould have been produced . 

Baker et  al . ( 1 969 ) found that a marked reduc t ion in intake 

and growth rat e with adde d  lys ine t o  normal maize die t s  

c ould b e  c omple tely rec t i fied by the further addit ion of 

t rypt ophan . These authors  reviewed earlier experiment s 

whi ch had shown that reduced growth rat e from t he addi � ion 

of' lys ine was due to a lowered voluntary feed int �ke , and 

c onc luded that the young pig i s  very sensit ive t o  lys ine 

imbalance .  In contrast  t o  the pre s ent resul t s , the 

addit ion of me thionine t o  the diet  ( where the only s ource 

of'  prot e i n  was maize grain) did not produce the normal 

s igns of an amino ac id imbalance .  

The extent of' the reduc tions in volunt ary feed 

intake seen for s ome treatments may have been due t o  the 

re lat ively low total protein level of the diet s . Amino 

acids  imbalance are mos t  readily c reated with low protein 

die t s  (Harper , 1 969 ) , and the 1 2 . 5% CP in the die t s  used 

here is low re lative to  published recommendat ions ( ARC , 1 96 7 ) . 

Batterham ( 1 970 ) menti ons the exi stence of refusals 

on mai ze/meat me al or mai ze/meat and bone meal die ts  whi ch 

were supplemented with lys ine and a MVA supplement alone 

o r  in comb inat ion . Only slight intermittent rej ec t ions 

were re corded for thos e die ts supplemented wi th tryptophan . 

Although the level of protein supplement was higher than 

in the pres ent expe riment , the feeding leve l and the level 

of supplementation with lysine and tryptophan were  very 

s imi lar . Cromwe ll e t  al . ( 1 96 7 )  also rec orded a drop in 

vo lunt ary feed intake when lysine was added to a normal 

maize  die t unsupplemented with addi tional pro te in .  

5 . 1 . 3  Average Dai ly Gain ( ADG) 

Weekly weight s , recorded t o  the ne ar e s t  0 . 5 lb were 

c onverted t o  me tri c  us ing a conversi on fac t o r  of 0 . 4536 and 

are shown in Table A5 . 1  t o  the neares t 1 00 gm . Only those  

weight s sub s equent to  the start ing weight ( 23 kg) and less  

than the t erminat ing we ight ( 50 kg) are inc luded . Als o 
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shown are ADG ' s calculat ed ei ther from the fi r s t and last 

we ight s for e ach individual or from the linear regre s s i ons 

of weekly weights on t ime . Linear regres si on , al though 

reduc ing the variance a s s o c iated with us ing only the firs t 

and last weight s ,  as sume s ADG remains cons tant with t ime . 

It i s  however ,  well estab l i shed that the growth curve of 

young animals in terms of weight is of a s igmoid nature 

( Crampt on and Harris , 1 969 ) .  Als o , in fitt ing re gression 

line s , obs ervati ons are a s sumed t o  be independent , which 

does  not  hold when the we ight s of a single animal are plo t ted . 

Fi t t ing a quadratic expre s s i on did in one case  produce a 

s ignifican t reduc tion in the deviat ions sums of  squares 

compared to the linear model . Although the error term 

i s  nec essar i ly bias ed , thi s  indicated that a quadrat ic 

expre s s ion would be a b et t er express ion of the data 

( Beame s and Sewell , 1 96 9 ) . In c ontras t ,  Lodge et al . ,  

( 1 972 ) c ons idered that the re lat i onship between 2 3  and 59 kg 

live we ight was es sential ly line ar .  For the purpo s e  of 

thi s analys is , a simple linear regre s s�on model  was c ons idered 

s at isfact ory and th e regre ssion c oefficient s used in the 

analy s is of var iance . 

The data was analys ed acc ord ing t o  s tandard methods 

for partially c onfounded factor ial desi gns and the full 

analys is of vari anc e ( AOV ) , wi th part itioning of the 

, .L Treatment sums of squares (TS S )  is  shown in Table A5 . 8 . 

The b lock sums of s quare s was not partit ioned if the F value 

was not s ignificant ( p < 0 . 05 ) . The signifi cant mean 

s quare s re sult ing from the part i t ioned TSS are shown in 

Tab l e  5 . 1  . J . 1 . 

The me an ADG over all treatment s was 4 1 5 g/day wi th 

a c oefficient of variat ion of 8 . 9% . Two of  the ma in 

effect s ,  P and T ,  we re highly signif i cant , and this resulted 

in two firs t order ( PT and LT ) and two sec ond order ( PMT 

and PLT ) interac tions reaching s ignifi cance  at the 1 % and 

5% l evels respect ively . 



TABP� 5 . 1 .  3 . 1 Signifi c ant  mean squares from the 

partitioned treatment sums of squares 

for ave rage daily gain ( g/day ) . 

Fac t or ial Fact orial 
Effect ( 1 ) To tal Mean Square 

p 251 7 98 988 . 89 1 **  

T 2831  1 25 227 . 5 1 6 ** 

PT - 1 6 1 1 40 55 1  . 891 * �  

LT 1 4 1 9  31  461  . 89 1 + +  

.eMT 62 1 6 025 . 641 >1'-

PLT 647 6 540 . 766'f 

( 1 ) In this table and all fol lowing tables , 

p = Fac t orial effect due to  opaque-2 mai ze 

M = Fact orial effe ct due t o  me thionine 

L = Fact orial effe ct due t o  lysine 

T = Fac t orial effe ct due t o  trypt ophan 

* 
p ( 0 . 05 ,  * *  p ( 0 .  01 . 

1 1  0 .  

To examine these  e ffects  and interact i ons , two and 

three way t ables are presented ( Tables 5 . 1  . 3 . 2 ,  5 . 1 . 3 . 4 ,  

5 . 1 . 3 . 5 ,  and 5 . 1 . 3 . 6 ) . 



TABLE 5 . 1 . 3 . 2  Signifi c ant interact ion ( p <. 0 .  01 ) 

of' maize type by trypt ophan on average 

daily gain ( g/day ) . 

Basal 1 Added 
Tryptophan Tryptophan Mean S . E .  2 

Normal 307 446 376 
+ 9 Opaque-2 436 474 455 
-

Mean 371 460 

S . E .  �9 

1 1 1  . 

in 

Standard error ( S . E . ) of' the difference between means 
+ the body of' the table - 1 3 . 

1 The term " basal"  is us ed to  indi cate those  di et s 

where no supplementati on with the part cular amino 

ac id took plac e . 

2 S . E .  of' the difference between means . 

The s ignificant effect  of' subst ituting opaque-2 maize 

for normal maize over all treatments can be c learly seen 

in Table 5 . 1  . 3 . 2 :  an increas e in ADG from 3 76 to  455 g/day , 

o r  2 1 % .  Als o , the addition of' t ryptophan increas ed ADG 

from 3 7 1  t o  460 g/day averaged over all treatment s ,  an 

increase of' 2 4% .  The interact i on resulted from a much 

greater response to the addi t ion of' t ryptophan in the die t s  

c ontaining normal maize . While ADG at basal tryptophan 

leve l s  with normal maiz e  represented only 7o% of' that for 

o paque -2 ( 307 vs 4 36 ) , it represented 94% in the c omparis on 

when try.ptophan was added to  each maize and averaged over 

all other effects  ( 44 6  vs 474 ) . Normal mai ze supplemented 

with tryptophan produced an average me an effec t slight ly 

above the unsupplement ed opaque-2 maize diet s . Thi s  sugges t s  

that the superior performance o f'  the opaque-2 maize in the 

unsupplemented diet s  was due to the higher leve ls of' trypto­

phan in thi s type ( Tab le A4 . 5 ) .  
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Cromwel l  et al . ( 1 967 ) compared normal and opaque-2 

mai z e  in terms of ADG with and without protein supplementa­

t ion . When opaque-2 was sub s t i tuted for normal maize  

both on  a weight and isonitrogenous bas i s  (wi th no  pro t e in 

supplement ) , ADG was s ignificant ly inc reased . Opaque-2 

als o  remained superior at s everal leve ls of s oybean meal . 

There was no amino ac id s upplementat ion of opaque-2 maize , 

but the addition of trypt ophan t o  normal maiz e  ( 0 . 062% ) 
produced a non-s ignificant inc reas e in performance .  In 

a later s tudy ( Cromwe ll e t  al . , 1 969a ) , opaque-2 s ignificant ly 

improved growth rat es during t he f ini shing peri od ( 45-92 kg ) 
only at a l ow protein level ( 1 1  . J% CP ) , although the t rend 

was in favour of the opaque-2 mai z e  during a growing phase  

( 2 1 -45 kg ) a t  1 6  and 1 4% CP . 

Klein e t  al . ( ·1 ?68 ) compared opaque-2 and normal maize 

on an isonit rogenous bas is  with no pro tein supplementat ion ,  

and found the former t o  be superior . The s e  result s ,  

ind icat ing the superiority of . opaque-2 maize both in the 

pre s ence and absence of addi tional protein ,  are support ed 

by other published work ( Conrad et al . , 1 969 ; Sihomb ing 

et  al . ,  1 969 ; Galla e t  al . , 1 968b , 1 968c , 1 969 , 1 970b ; 

Henry and Boudon , 1 97 1 , Klein et  al . , 1 971 ; Maner e t  al . , 

1 97 1 ; Gipp and Cline , 1 972 ; Marroquin e t  al . , 1 970 ; 

Gal la , Ji mene z and Maner ,  1 968 ) . However with pigs weigh­

ing ini t ially 5 kg , Drews e t  al . ( 1 969 ) reported a s ignificant 

int erac t i on between mai ze type and leve l of pro tein supple­

mentat io� ,  so that whi l e  opaque-2 gave super ior weight gains 

at lower levels of soybean meal , the reverse was the cas e 

at  higher levels . No explanat ion could be  given for the 

depres s ion in growth which occurred on opaque-2 mai ze die t s  

as  the supplement was increased . Other workers have also 

found growth rate to be non-significantly d ifferent or the 

o rder of superiority reversed at higher levels  of supple­

mentat i on ( Gallo , Jimenez and Maner ,  1 968 ; Bellamy ,  1 969 ; 

Cromwell e t  al . , 1 969 ; S ihombing et  al . ,  1 969 ; Henry 

B oudon , 1 97 1 ) . 



The significant res pons e in growth rat e t o  the 

addit ion of tryptophan found in thi s expe riment is in 

support of s everal published experiments where meat and 

bone meal was used as a supplement to normal maize (Bloss  

e t  al . ,  1 953 ; Terrill , 1 954 ; Meade and Teter , 1 957 ; 

Mead e , 1 969 ; Ba tterham , 1 970 ; S t ockland et al . , 1 .971 ) . 
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A c onstant but non-s ignificant respons e t o  added tryptvphan 

was r eported by Luce e t  al . ( 1 964 ) , where meat anrl bone 

meal partially replaced s oybean meal . However , the leve ls  

of supplementation wer e  relative ly low at  0 . 025  to  0 . 04 1 % .  

Hens on � al . ( 1 954 ) found an increase in performanc e when 

a c ombina t i on of lys ine , me thionine and trypt ophan was 

added to a ma i ze/meat and bone meal diet . 

Where the supply of nicotinic acid is inadequate ,  

t ryptophan i s  irreversib ly transformed t o  the vitamin ( ARC , 

1 967 ) ,  thus aggrevat ing any trypt ophan deficiency which may 

b e  pre sent . Batt erham ( 1 970 ) conc luded from his resul t s  

that nic o t inic ac id i s  firs t limit ing t o  tryptophan in 

mai z e/meat and bone meal diet s . In view of the addit ional 

niac in added to the experimental diets  ( Tab le 4 . 1  . 2 . 4 . 1 )  it  

s e ems like ly that the respons e to  tryptophan reported here 

was due to increas ed protein uti lisati on rather than allevi­

at ing a niac in defic iency . 

The absence of a s ignific ant effe c t  for lys ine or 

me thionine , alone or in combination ,  in the analys i s  of 

var ianc e for ADG is  in agreement with o ther work invo lving 

mai ze/meat and bone me al die t s  ( Meade and Teter , 1 957 ; 

Luc e et  al . , 1 964 ; Meade , 1 969 ; Oestemer et  al . , 1 970 ; 

Bat terham , 1 970 ; St ockland et  al . , 1 97 1 ) .  The lack of 

a pos i t ive growth response to added lys ine contrast s  with 

the c onc lusions from many pig nutrit ion experiment s with 

c e real diet s , as reviewed by Ostrowski ( 1 969 )  and Braude 

e t  al . ( 1 972 ) , and also with work involving unsupplemented 

normal and opaque-2 maize diets for rat s and pigs ( Gallo , 

Jimenez and Maner ,  1 96 8 ; Gallo et  al . , 1 969 ; Bressani 

and Marenc o ,  1 96 3 ) . However other workers  have c oncluded 



1 1  4 .  

TABLE 5. 1 . 3 . 3 .  Growth respon s e  of rats  and pigs to  lysine 

and t rypt ophan supplementati on of mai ze 

diets c ontaining no other protein s ource ( 1  ) .  

Maiz e  Growth Res ponse 
Animal Type ( 2 )  lysine t ryp . lys . +  tryp . ( 4 )  Reference 

Rat s  

Pigs 

( 1 ) 

( 2 )  

( 3 )  

( 4 )  

NM 

NM 
NM 

NM 

·�"'M 
OP-2 

OP-2 
NM 

NM 

OP-2 

NM 

OP-2 

NM 

OP-2 

NM 

NM 
NM 

NM 

NM 
OP-2 

NM 
OP-2 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- ( 3 )  

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ 

+ 

+ + 

+ 

+ + 

+ 

+ 

+ 

+ 

Mit chell and 
Smut s , 1 9 5 3  . 

Sure et  al . ,  1 953 

Bre s s ani and 
Marenco , 1 96 3 . 

Ros enberg et  al . 
1 960 . - -

Howe et  al . , 1 965 . 

Mert z , 1 966 . 

Nels on , 1 966 . 

Hogan e t  al . , 1 955 . 

Bre s sani e t  al . , 
1 96'8:" 

) Gallo , Jimene z 
) and Maner , 1 968 . 

1 Gallo e t  al . , 1 969 . 

Jensen e t  al . , 1 969 . 

Cromwell et  al . ,  
1 967 . 

Baker et al . , 1 969 . 

Ilori and Conrad 
1 970 . 

Gal lo e t  al . , 1 968b . 

Gallo and Pond , 1 96 8 . 

) Nords trom et  al . , 

) 1 970 . 

Pick and Meade , 1 96 8 . 

The abs ence of a + doe s not indicat e  a negat ive 
response . Ei ther the experiment did not examine 
the t reatment or  the re was no respons e . 

NM = normal maize , Op-2 = opaque-2 . 

Indi cates an imbalance wi th reduc ed feed intake and 
growth rate . 

Denotes  an addi ti onal response of the two amino ac ids 
t oge ther over that to a s ingle amino acid . 



from amino acid supplement ation s tudies of maize diets  

with  no  other added prot e in that the init ial response 

is  t o  tryptophan . Tab le 5 . 1  . J . J .  summarises  s ome of 

the results from the li terature for rats and pigs . 
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Bres sani et al . ( 1 972 ) di scus s the controversy re lat ing 

t o  the firs t limit ing amino ac id in mai ze pro t e in .  They 

c onc lude there may be sufficient variation in the es sent ial 

amino ac id c ontent of mai ze grain particularly lys ine , 

t oge ther with the effe c t s  of d ifferent types of proces s ing , 

t o  accoun t for these differences . The data colle c t ed by 

Harman e t  al . ( 1 969 ) and FAO ( 1 970)  would support this view , 

particularly i f  lys ine and trypt ophan are nearly equally 

firs t limit ing . 

Where protein supplement s have been used in work wi th 

mai z e , lys ine has been demons trated to  be first limit ing 

wi th all supplements apart from meat and bone meal ( Claws on 

e t  al . , 1 96 3 ; Gipp and Cline , 1 972 ; Thomas and Kornegay , 

1 972 ) .  Bayley and Summer ( 1 968 )  conc luded lys ine and 

me thionine were nearly equally limit ing in mai ze/s oybean 

meal die t s . 

The relat ive ly low leve ls of tryptophan in mai ze grain 

and me �t and bone meal c ompared to their sub s t i tutes has 

already been briefly d i s cussed ( Section J . 1 , and J . 2 ) . The 

pre sent results indicate  that trypt ophan i s  first limi ting 

in the mai ze/meat and b one meal combinat ion , in agreement 

with thos e  from s ome o ther s tudies us ing maize pro t e in 

alone (Tab le 5 . 1  . J . J ) . This table als o  shows that in many 

cases , the response t o  a combination of t ryptophan and 

lys ine was o�ten larger than those  t o  either amino acid 

alone . 
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A signifi cant interaction of lys ine by t ryptophan 

oc curred in the pre sent experiment as shown in Table 5 . 1 . 3 . 4 . 

TABLE 5 . 1 . 3 . 4 .  Significant inte ract i on ( p < 0 . 01 ) of  

lys ine by t ryptophan on average daily gain 

( g/day ) . 

Basal 1 Added 
Tryptophan Tryptophan Mean S . E .  

Basal lys ine 393 437  4 1 5 
+ 9 

Added lys 1 ne 350 482 4 1 6 

Mean 37 1  460 

S . E .  + 9 

2 

S tandard error ( S . E . ) o f  t he di fference between mean in t he 

body of the t able � 1 3 . 

1 The term 11 basal11 is  us ed t o  indicate those  diets  

where no supplementati on wi th the particular 

amino ac id to ok place . 

2 S . E .  of the d ifferenc e between means . 

Thus , in the abs ence of supplemental t ryptophan , the 

addi tion of lysine ove r  all treatment s depres sed growth by 

1 1 % wh i le there was an average improvement of 1 0% in the 

pre senc e of added t rypt ophan . In othe r words , the response 

t o  added t ryptophan was much greater in the presenc e of 

ext ra lysine ( from 393 t o  437 vs from 350 to 482 ) . 

In studies report ed by Bake r et  al . ( 1 969 ) , it  was 

f ound that the marked reduct ion in growth rate  from adding 

lys ine t o  maize  diets  c ould be c omple tely removed by the 

further addi tion of t ryptophan s o  that growth on the lys ine 

and t rypto phan supplemented maize  was greater than the 

unsupplemented c ontro l .  Table 5 . 1  . 3 . 4  shows that in the 

experiment report ed here , the main effec t  of lys ine and 

t ryptophan together was greater t han for either amino acid 
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alone . Als o , over all levels  of dietary tryptophan , there 

was no effe c t  from the addition of lys ine alone . The three 

way t able for the s ignificant mai ze type , lys ine by t rypt ­

o phan interac t ion o n  AD G  is shown below (Table 5 . 1  . 3 . 5 . ) 

TABLE 5 . 1 . 3 . 5  

Basal Ly s i ne 

Add ed Lys ine 

Mean 

S . E .  

Basal Lys ine 

Add ed Lys ine 

Mean 

S . E .  

Significant interaction ( p <  0 . 05 )  of maize 

type , lysine ,by t ryptophan on average 

daily gain ( g/day ) .  

Normal Maize 
1 Basal Added 

Trypt ophan Tryptophan 

343  

2 7 1 

307 

4 1  7 

474 

446 

Opaque-2 Maize 

Basal 
Tryptophan 

443  

429  

Added 
Tryptophan 

457 

491  

Mean 

380 

373 

Mean 

450 

460 

2 S . E .  

S . E .  

S t andard error ( S . E . ) of the differenc e be tween means  in the 
+ 

body of the table - 1 8 . 

1 The term " basal" is  used t o  indicate those  diets  where 

the particular amino ac id took place . 

2 S . E .  o f  the difference between means . 

It  c an be seen that the depres s i on in growth rate 

from adding lys ine alone was much greater with normal maize 

than opaque-2 maize diet s . However , because of this more 

pronoun�ed effect  the recovery in performance from adding 

t ryptophan t o  the imbalanced normal maize diets  was more 

spectacular , so that t he two types of mai ze die t s  supplemented  
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wit h  both lys ine and t rypt ophan supported c omparable growth 

( al t.i.wugh t he opaque-2 diets  remained superior in this 

respec t ) .  

Thes e  results  c onflict t o  some degree with thos e  of 

Meade ( 1 96 9 ) , who reported no improvement in t he growth 

supported by normal maize/meat and b one meal diets  from 

adding lys ine in the presence of supplemental tryptopha.s:L 

Gallo et  al . ( 1 969 ) reported a signific ant improv . .:ment in 

normal mai ze diets  supplemented with lysine and tryptophan , 

but , c ontrary t o  t he present result s ,  thi s failed t o  produce 

performan c e  equal to  that obtained with unsupplemented 

o paque-2 maize . However in earlier work (Gallo et al . ,  

1 968b ) , lysi n e  and t ryptophan added t o  a normal maize die t 

did produc e an ADG equivalent t o  that for an opaque-2 maize 

diet . In normal mai ze die t s  c ontaining meat and bone meal 

Batterham ( 1 970 ) and Stockland et al . ( 1 97 1 b )  both reported 

a large additional re sponse t o  the addit i on of lys ine t o  

t ryptophan supplement ed die t s . In one analysis  o f  variance 

( Bat t erham , 1 970 ) , the lysine by trypt ophan int erac t ion 

reached s ignificanc e for meat meal but not meat and bone meal . 

Acker et al . ( 1 959 ) de scribe a crude prot e in 

level by lysine int eract ion in normal · maize/soybean diet s : 

at  1 2% C P  growth rat e  and feed conversion efficiency were 

increased with added lysine but there was no c ons istent 

effect at 1 4% CP . A significant reduc tion in growth rate 

result ed from increasing leve ls  of supplemental lys ine at 

1 4% CP , but the t rend was not significant at 1 2% CP . 

Although the depres si on was greater at the higher CP 

levels , this appe ared to be  due to  an imbalance , despit e  

the fac t that lysine was added only t o  a maximum o f  th e 

c alculat ed derj c iency ( Se c t i on 3 . 3 . 4 ) . In a 1 0%  CP 

maize/fish me al diet , Devilat and Skoknic ( 1 97 1 ) induced an 

imbalanc e effec t  w i th reduced feed intake and ADG by adding 

0 . 3% lys ine . The second experiment reported by Pick and 

Meade ( 1 968 )  sugge s ted an imbalance effec t  on growth rate 

o ccurred when 0 . 1 % lysine was added to a basal opaque-2 

diet . 
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The remaining inte raction which reached signi�icance 

is  shown in Table 5 . 1 . J . 6  �or maize type , methionine by 

tryptophan on ADG . 

TABLE 5 . 1 . 3 . 6 

Basal Me t hionine 

Added Me th ionine 

Mean 

S . E .  

B asal Methionine 

Added Me thionine 

Mean 

S . E .  

S igni�icant interac t ion ( p < 0 . 05 )  o� 

maize  type , methionine by trypt ophan on 

ave rage daily gain ( g/day ) . 

Normal Maize 
1 B asal Added 

Tryptophan Trypt ophan 

334  443 

280 449 

307 446 
+ 1 3  -

Opaque-2 Maize 

Basal Added 
Tryptophan Tryptophan 

42 6 473 

446 475  

436 474 
+ 

1 3  -

Mean 

388 

364 

Mean 

449 

460 

2 S . E .  

+ 1 3  

S tandard error ( S . E . ) o� the di��erenc e between means in 

the body o� the tab le � 1 8 . 

1 The term " basal"  is used to  indicate those diet s  

where no supplement at ion with the amino ac id t o ok 

place . 

2 S . E .  o� the dif�erence between means . 

This  table  again shows that the pigs on the normal 

maize die t s  were more sens i t ive to the addition of synthe t ic 

amino ac ids than were thos e  fed the opaque-2 diet s . The 

addition of tryptophan , as already dis cus sed , produced a 

greater posi tive growth response in normal maize diet s , 
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while  the addition of methionine in the absence of added 

tryp·(;ophan depres sed growth . In the presence of added 

trypt ophan , methionine produced no response in e i ther maize . 

In maize/meat and b one meal di e t s  Meade ( 1 96 9 ) found 

that the addition of me thionine t o  a t ryptophan supplement ed 

diet s ignificantly reduc ed ADG . There was no evidence for 

such an e ffect in the present experiment (Table 5 . 1  . 3 . 6 ) , 

although a non-significant depress ion was apparent when 

indiv idual treatment means were compared for opaque-2 mai ze 

die t s  ( pt vs pmt ; Table  5 . 1 . 3 . 7 ) . Meade ( 1 96 9 )  and Meade 

and Te ter ( 1' 957 ) reported that me thionine supplementat ion 

alone was without effect  in maize/meat and bone rat ions on 

the growth of young growing pigs . S t ockland e t  al . ( 1 97 1 b )  
- -

found a non-significant depres s i on in ADG when me thionine 

was added t o  a t ryptolJhan supplement ed maize/meat and bone 

meal diet , but the addit ion of  me thionine alone had no 

effect  upon ADG , in contrast  to the results of the pres ent 

experiment . 

Individual treatment means for ADG in Experiment I are 

shown in ranked form in Table  5 . 1  . 3 . 7 .  

TABLE 5 . 1 . 3 . 7  Ranked individual treatment me ans for 

average dai ly gain ( ADG ; g/day ) in 

Expe riment I .  

Treatment No . Code ADG Subscri:Et { 1 } 

8 pmlt 498 a 
1 4  plt 483 ab 
2 lt 474 a be 

1 2  mlt 474 abc 
6 pt 462 a be  

1 6 pmt 45 1  abc 
1 5  pml 447 abc 

7 pm 445 a be 
1 3  p 441  a be  

4 mt 423  bed 
1 0  t 4 1 1 cd 

5 pl 4 1 0 cd 
1 ( 1 ) 376 d 

1 1  m 3 1 0 e 
9 1 2 91 ef 
3 ml 250 f 

( 1 ) Treatment means whi ch do not share a c ommon subscript 
are s ignificant ly different ( p  < 0 . 05 ) .  
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The addition of methinonine t o  lysine plus t ryptophan 

supplemented normal or opaque-2 maiz e  diets did no t 

signifi c ant ly influence ADG ( Tab le 5 . 1  . J . 7 ) .  Published 

work has shown s imilar result s  (Gallo et al . , 1 968a ; 

Baker e t  al . ,  1 969 ; Meade , 1 969 ; Ilori , 1 97 1 ; S t ockland 

et al . ,  1 971 b ) . 

It  may be conc luded from the above discus s i on that 

tryptophan and lys ine are the firs t two limit ing amino ac ids 

in that order for normal and opaque-2 maize/meat and bone 

meal diets , but that an amino ac id o ther than me thionine 

is third l imi t ing . S ince Baker e t  al . ( 1 96 9 )  c ame t o  the 

same c onc lusion ,  us ing only mai ze grain prot e in as a s ourc e  

o f  amino a c ld s  f o r  the growing pig , i t  appears that the 

addit ion of meat and bone meal at a level of 1 o%  doe s not 

influenc e the f irs t two l imiting amino acids o r  their order . 

Rosenberg et al . ( 1 960 ) c oncluded from work with rats that 

any one of four amino acids may be third limit ing in maize 

grain protein : methionine , isoleuc ine , threonine and valine . 

Although the main effects  for lysine and me thionine 

were no t s ignificant in the analysis  of varianc e ,  Table 

5 . 1  . 3 . 7  shows that for individual treatments the addit ion 

of lys ine and/or methionine t o  normal maize diets  signifi­

cantly reduced performanc e from the unsupplemented t reatment . 

This  refle c t ed the drop in appetite  previous ly discus sed 

( Se c t i on 5 . 1 . 2 ) .  The addi t ion of methionine or methionine 

plus lysine t o  opaque-2 maize diets  s light ly increased 

performance , while the addit ion of lysine suppressed ADG , 

although none of thes e  differences  was significant . Gallo , 

Jimene z and Maner ( 1 96 8 ) rep orted a signific ant reduct i on 

in the live w·eight gain o f  pigs fed methionine suppl_emented 

opaque-2 maize diets c ompared with those fed diets  c ontain-

ing extra lys ine . The t rend was in the oppo s ite  direct i on 

in the present . experiment , sugges t ing a s ignificant role of 

the meat and bone meal supplement in altering the importance 

of t hese imbalance effec t s  for individual amino acids . 

Baker e t  al . ( 1 969 ) found that methionine added t o  lysine 

plus t rypt ophan supplemented low protein maize  diet did not 



s i�1ificant ly increase performanc e .  A marked reduc t i on 

in growth rate oc curred with lys ine supplementati on , but 

methionine plus lys ine had no effect . 
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The small increase in ADG from the further addition 

o f  me thionine t o  lys ine plus tryptophan supplemented 

o paque-2 mai z e  would sugges t  that this amino ac id may be 

third limit ing in diet s  c ontaining this mutant ru�d supple-

mented wi th meat and bone meal . Only a small improvement 

may have been pos sible due t o  ano ther amino ac id becoming 

limiting with a s light increase in the leve l of methionine . 

The compl e t e  lack of a response t o  methionine in normal 

maize die t s  c ontaining added lys ine and tryptophan sugges t s  

that some o th e r  amino acid is  third limit ing in diets  c on-

taining this mai ze type . However the large imbalance effect  

with this amino ac id alone would indicate , apart from some 

spec ific effect  due t o  methionine in the growing pig , that 

it is c lose  t o  be ing third limi t ing . 

5 . 1 . 4 Feed Conversi on Ratio  ( FCR ) 
Tab le A5 . 3  lis t s  the t o tal  feed offered , t o t al refusals , 

net feed int ake and FCR for individual animals in Experiment I .  

The approximate weekly dis tribut ion of feed refusals i s  shown 

in Table A5 . 2 .  

The FCR dat a were s ub j e c t ed t o  the same analy s is of 

variance as outlined for ADG , and Table A5 . 1 0  shows the mean 

square s toge ther wi th the parti tioning of the t reatment sums 

of squares .  The s ignifi cant mean s quares are reproduced 

in Table 5 . 1  . 4 . 1 . 

TABLE 5 . 1 . 4 . 1 Significant mean squares ( p ( 0 . 01 ) result ing 

from the part i t ioning of the treatment sums 

of s quares for feed c onversion rat i o  { kg feed/ 
kg grain ) . 

Fac t orial Effe c t  Fact o rial Total Mean Square 

p 
T 
PT 
LT 

-0 . 293  
-0 . 3 1 8  
-0 . 2 09 
-0 . 1 35 

* *  p < 0 .  01 . 

5 . 500** 
0 . 31 8** 
0 . 209* * 
0 . 1 35**  
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The mean FCR over all t reatment s was 3 . 1 6 1 � 0 . 1 8  kg 

meal/kg live we ight gain , with a coeffi c i ent of variation 

of 1 1 % .  

The s ignificant fact orial effe c t s  are pre sented in 

Tables  5 . 1  . 4 . 2  and 5 . 1 . 4 . 3 .  

TABLE 5 . 1  . 4 . 2  Significant int eract ion ( p  < 0 . 01 ) of mai ze  

type by  t ryptophan on  feed c onvers ion rat i o  

( kg meal/kg live we ight gain) . 

Basa1 ( 2 )  Added 
Tryptophan Tryptophan Mean S . E .  ( 1 ) 

Normal 3 . 98 2 . 93 3 . 45 

Opaque -2 2 . 98 2 . 76 2 . 87 + 0 . 09 
-

Mean 3 . 48 2 . 85 

S . E .  + 0 . 09 

( 1 ) St andard erro r ( S . E . ) of the difference between means . 

S . E .  of the difference between means in the body of the 

t ab le + 0 . 1 2 .  

( 2 )  The term " b as al"  i s  used t o  indicate those  die t s  where 

no supplementat ion wi th the par t i cular amino ac id 

t o ok place . 



TABLE 5 . 1 . 4 . 3  

Basal Lysine 

Added Lys ine 

Mean 

S . E .  

S ignifi cant inte ract ion ( p  < 0 . 01 ) of  

lys ine by trypt ophan on feed c onversion 

rat io (kg meal/kg live  weight gain ) . 

Basa1 ( 2 )  

Trypt ophan 

3 . 36 

3 . 60 

3 . 48 
+ 

Adde d  
Tryptophan 

3 . 00 

2 . 69 

2 . 85 
0 . 09 

Mean S . E . ( 1 ) 

3 .  1 8 
+ 0 . 09 

3 .  1 5 
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( 1 ) Staudard e rror ( S . E . ) of the difference between means . 

S . E .  of the difference between means in the b ody o f  

the table  + 0 . 1 2 .  

( 2 )  The term " basal" is used t o  indi cat e those  die t s  where 

no supplement at ion with the part icular amino ac id 

took plac e . 

The ranked treatment means are shown in Table 5 . 1  . 4 . 4 ,  

together with subs cript s from a Duncan Mult iple Range Tes t . 

The ord er is s e en t o  b e  almost  ident ical to  that for ADG 

in Table 5 . 1  . 3 . 7 . Therefore i t  may be  conc luded that the 

significant reductions in voluntary intake which oc curred 

on some of the treatment gave a c o rresponding reduct ion in 

growth rat e , s o  that the ranking of treatment by either 

criteri on gave similar result s .  

Because of the higher variability in the FCR data 

c ompared with ADG , only 2 of the main effect s  and 2 firs t  

o rder interac t ions were significant . Also , in Table  5 . 1  . 4 . 4 ,  

a lower numbe r  of treatments were s ignificant ly different 

from each o the r .  For example ; whereas the addit ion of 

lys ine to a normal maize diet produced a s ignificant 

reduct ion in ADG ( 2 3% when comparing individual treatment s ) ,  

the deteriorat ion in FCR was not s ignifi� ant ( 1 4% ) . Again , 

supplement ing a normal mai ze die t with lys ine and methionine 



TABLE 5 . 1 . 4 . 4  

Treatment 

8 

1 4  

2 

1 2  
6 

1 5  

1 6  

7 

1 3 

4 

5 

1 0  

1 

1 1  

9 

3 
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Ranked treatment means �or �eed convers i on 

ratio ( FCR ; kg �eed/kg live weight gain ) 

in Experiment I .  

No . Code FCR Sub s c ript ( 1 ) 
pml t  2 . 65 a 

plt  2 . 66 a 

lt  2 . 73 a 

mlt 2 . 73 a 

pt 2 . 83 a 

pml 2 . 88 a 

pmt 2 . 90 a 

pm 2 . 93 a 

p 2 . 98 a 

mt 3 . 09 ab 

pl 3 .  1 1  ab 

t 3 . 1 6  ab 

( 1 ) 3 . 57 be  

m 3 . 96 cd 

1 4 . 07 cd 

ml 4 . 3 3 d 

( 1 ) Treatment means whi ch do no t share a c ommon subscript 

are s igni�icant ly d i��erent ( p  < 0 . 05 ) .  
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produced a JJ . 5% decrease  in growth rat e , while feed 

efficiency decreased by only 2 1 % .  Batterham ( 1 970 ) , us ing 

maiz e/meat meal and meat and bone meal diets  supplemented 

with amino acids , als o  found that percentage changes in FCR 

wer e  less  than those  for ADG . 

Under ad libitum feeding c onditions , Meade ( 1 96 9 ) 
found the addit ion of  lys ine or methionine alone t o  normal 

mai ze/meat and bone meal diet s did not affec t  growth rat e , 

whi le FCR s ignificant ly improved . However Stockland et  al . 

( 1 97 1 b ) , also with ad l ibitum feeding c onditions , found the 

s ignificant  difference s  for ADG and FCR were the same in 

treatment comparis ons . They recorded a much greater 

re lative increase in maize/meat and bone meal die t s  from 

the addit i on of tryptophan in t erms of ADG than in Experi-

ment I .  The improved utilisat ion of dietary prot e in may 

have increased appe t i t e  on the se diets  so  that the total 

re sponse was greater . 

The close relat ionship which ±s known t o  exis t  be tween 

growth·· rate and feed convers ion efficiency under restricted 

f eeding c onditions also holds in the present experiment , 

where amino acids imbalances produced large reduc t ions in feed 

intake and ADG . For this  reason , det ailed considerat ion 

o f  the re sults  pertaining t o  FCR in addition t o  those  relat ing 

t o  ADG i s  not c onsidered necessary . A comparis on of the two 

s e t s  of data shows that any increase or decrease in ADG was 

acc ompanied by a c orresponding decrease o r  increase in FCR . 



5 . 2  EXPERIMENT II THE NITROGEN BALANCE TRIAL 

5 . 2 . 1  Health 

The health of animal s  on experiment was good in 

contras t t o  some of the individuals in the growth trial 

(Experiment I ) on the s ame treatments .  Pos s ible  reasons 

for this  differenc e are discus sed below .  

5 . 2 . 2  Feed Refusals 
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The barrows in Experiment II rec e ived group II of the 

experimen tal diets  used in the growth trial (Table 4 . 1  . 2 . 4 . 1  ) .  

Table 5 . 1 . 1  . 2 . 1  shows that pigs fed diets  9 and 1 1  refused 

apprec iable  quant ities of feed in Experiment I .  However 

it was not iceable that both the frac t i on of pigs recording 

refusals and the total weekly refusals were les s  in the 

balanc e experiment (Tab le A5 . 7 ) .  ( Only refusals for treat-

ment s 9 and 1 1  are shown s ince these diets were the only 

ones refused in the N balance trial ) . Refusals which o ccur­

red whi le  the animals were in the met abolism c ages are 

inc luded in the t o tals in Table A5 . 7 .  Although the durati on 

of the growth period was l e s s  in Experiment II , and refusals 

became more pronounced at the heavier weight s in Experiment I 

(Table  A5 . 2 ) , these two factors are inadequate t o  ac c ount 

for th e differences between the experiment s in feed refusals . 

Variab i l ity between animals  also  makes a true c omparison 

diffi cult , but it is s een that no s evere refusals occurred 

in Experiment II . 

The environment and management of the animals in the 

two experiment s were d ifferent in s ome aspec t s  and this  

probably affec t ed the c onsumption of the test  diets . In 

the growth trial , there was a maximum of 4 hours acc e s s  t o  

feed for a s ingle period e ach day . In the N balance 

trial , animals were allowed free access  t o  their daily 

allocation of feed given once daily between , and twice  daily 

during , the two balance periods . Feed spilt from the 

troughs in the holding pens (between balances ) and which 
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was not c olle c t ed c ould have introduced a s ourc e  of' erro r , 

but the as sociated underes timat ion of' refusals is unlikely 

t o  explain the large difference seen .  

The o ther maj or differences  between the two experi­

ments were that in Expe riment II a cons t ant ambient 

temperature ( 2 1 °C )  was maintained and pigs were penned 

individually . Harper ( 1 970 )  reviews work with rat s whi ch 

shows that if' voluntary intake is  s timulated with certain 

imbalanced diets by c o ld s tress or insulin inj ections , 

growth rates  can inc rease t o  be comparable t o  thos e  on c on-

tro l die t s  and the animal s  appear healthy . However this 

should b e  differentiated from forcibly inc reas ing the intake 

on a diet wi th a severe amino ac id deficiency , where the 

effec t s  of the deficiency are magnified and death may result 

( Harper and Benevenga , 1 969 ) . Therefore , s ome imbalanced 

diets  will support body weight gains if inj e c t ed in suffici­

ent quantities , there i s  some physiological mechanism which 

depresses  appetite  and animals show lower or negative weight 

gains . In Experiment II , some fac t or ( or c ombination of 

fac t ors ) was operat ing t o  increas e vo luntary intake on tho se 

diets  which had induc ed significant refusals in Experiment I .  

Perhaps the 24 hour acc ess t o  the daily allocation of feed 

in Experiment II ( versus a 4 hour maximum in Experiment I ) 
was sufFicient to  c ompensat e for the reduced appetite  and 

s lower rat e of eat ing obs erved on the imbalanced diet s  in 

Experiment I ,  so  that t otal weight of refusals for these 

diets was les s  in Expe r iment II . However i t  was not 

pos sible t o  c learly differentiate thos e  fac t ors whi ch were 

important in producing the difference in v oluntary intake 

for the two experiment s .  

future s tudy . 

This remains a pos s ible field for 

5 . 2 . 3  Apparent Dige s t ible Dry Mat te r  (ADDM ) , Apparent 

Diges tible Energy ( ADE ) and Metab o lizable Energy 

( ME )  

The data c o llec t ed relat ing t o  dietary energy and dry 

mat ter digest ibility are summarised in Table A5 . 4  A summary 
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of the mean squares from the analysis  of variance for live 

weight , gross  energy intake , apparent digestible dry 

matter , ADE and ME is shown in Tab le A5 . 9 . There were 

no s ignificant difference between either treatment s or 

balanc es  for ADDM (%) , ADE ( % )  or ME (%) . 

overall means are shown in Table 5 . 2 . J . 1 . 

The balance and 

The ADDM contents of  the experimental diets  are 

comparable with values reported in the literature for maize­

based diets . Cromwell et  al . ( 1 969 )  found dry mat ter ( DM )  

dige s t ibilities o f  8J . 7 , 86 . 9  and 86 . 8 ,  86 . 9  for opaque-2 

and normal maize respect ively , with the firs t comparis on 

for inson1trogenous diets  with respect  to  opaque-2 and the 

second with respect  to normal mai ze . The diets  c ontained 

no pro t ein supplements . Higher values of 87 . 0  - 89 . 4  were 

reported by McConnell et al . , ( 1 97 1 ) in normal maize/ 

soybean diet s . Sihombing et  al . ( 1 96 9 )  found no consistent 

difference between normal and opaque-2 maize in DM dige s t i­

bility over s everal levels of soybean meal . 

TABLE 5 .  2 .  J .  1 Balanc e and general mean values for live 

weight , gross energy intake ( GEI ) , apparent 

diges t ib ility of dry mat ter ( ADDM) and 

energy ( ADE ) , and metabolisab le energy ( ME )  

for Experiment II . 

Balance 

A B + S . E . ( 1 ) S ig. 

Live weight (kg) 3 1  . 4 ' 4J . 8  0 . 1 8  * * *  

. GEI ( �cal/4 days ) 1 8 . 0  24 . 8  O . JO * * *  

ADDM (% ) 85 . 0  84 . 0  0 . 49 N . S .  

ADE (%)  85 . 0  85 . 0  0 . 5J N . S .  

ME ( % )  8J . O  8J . O  0 . 65 N . S .  

ME/DE ( 2 )  

( 1 ) S tandard error ( s . E . ) of a mean 

( 2 )  Rat io of met abolisable energy t o  apparent 
digestible energy . 

Experimental 
Mean 

85 . 0  

85 . 0  

8J . O  

98 . 0  

* * *  p < 0 . 005 ; N . S . =  non significant (p > 0 . 05 ) . 
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Henry and Boudon ( 1 971 ) report ADE coeffic ients of 

82 . 0  and 81 . 7% for normal and opaque-2 maize diets  respe c t -

ively . The values in the present experiment were higher 

f or pigs of a s imilar weight and fed s imilar quant ities of 

feed . Their gro s s  energy values of 4366 and 4395 kcal/kg 

DM were c omparable to  the overall value in the present 

experiment of 4360 kcal/kg DM in diets containing meat and 

bone meal . Jordan ( 1 971 ) reports ADE and ME values for 

normal maize as 88 . 4  and 85 . 6% of gro s s  ene rgy , giving an 

ME/DE ratio of 0 . 97 ,  similar to  that found in the present 

experimen t .  May and Bell ( 1 971 ) c onclude that the ratio  

ME/DE in pig rati ons containing normal leve ls of  protein 

is 0 . 98 .  McConnell e t  al . ( 1 972 ) give DE values of 

approximately 86% for 40 kg pigs on maize/soybean diet s . 

There was a trend for DM and DE to  improve in trials at 70 

and 95 kg . 

5 . 2 . 4  Nitrogen Balance 

The data collec ted relat ing to N metabo lism are 

presented in Tab le A5 . 4 .  Mean squares re sult ing from the 

analysis  of variance for nitrogen int ake , apparent 

digestible N ,  and N retent i on are shown in Table A5 . 9 .  

In Table 5 . 2 . 4 . 1  are summaris ed the balance means for 

the 5 indic e s  a s s ociated with the N bal ance . The large and 

highly signific ant differenc e in N intake was expec t ed due 

to the increased intake of feed for Balance B .  

The balanc e period effe c t  for apparent digest ible N (%)  

failed to reach s ignificance and the mean values shown in 

Table 5 . 2 . 4 . 1  indicat e  that the ove rall value was 84% , with 

a low SE for e ach balance mean of � 0 . 6 .  



TABLE 5 . 2 . 4 . 1  Mean values within balances for nitrogen 

balanc e informat i on in Experiment II . 
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Balance 
!S . E .  ( 1  ) Sig.  

Experimental 
A B 

NI ( g/4days ) ( 2 )  97 1 34 

ADN (%)  84  84 

NR ( g/4 days ) ( 4 )  44  53  

NR (%AnN) 53 46 

NR ( g/kg/4 days ) 1 . 38 1 • 2 1  

( 1 ) Standard error of mean 

( 2 )  NI = nitrogen intake 

1 . 6 ***  

0 . 6 N .  S .  

2 . 0  * 

1 .  9 + 

0 . 05 + 

( 3 )  ADN = apparent diges tible nitrogen 

( 4 )  NR = nitrogen retention 

Mean 

84 

49  

5C 

1 .  30 

*** p < 0 . 005 , * p < 0 . 05 ,  + p < 0 . 1 0 ,  N . S .  p > 0 . 1 0 .  

Some result s  have indic ated that the opaque-2 mutation 

results in the grain protein being more digestible for the 

pig ( Cromwell e t  al . ,  1 969 ; S ihombing et  al . ,  1 96 9 ; 

Marroquin e t  al . ,  1 970 ; Shimanda and Mart inez ,  1 970 ; Henry 

and Boudon , 1 971 ) .  Cromwell et  al . ( 1 969 ) sugges t  this may 

be du� t o  the lower zein cont ent of the mutant ( Se c tion 3 . 1  . 1 ) ,  

which has been shown to be poorly digested in the pig . In 

maize diets  containing no pro tein supplementation , they 

report abs orption coefficients for normal and opaque-2 maize 

or 77 . 07 and 82 . 31 with 31 - 55  kg barrow pigs . When the 

%ADN results are averaged s eparately irrespe c t ive of balance 

period � for diets  9-1 2 ( normal maize ) and 1 3-1 6 ( opaque-2 

maize ) ,  the results are 83 and 85% respectively , sugges t ing 

a s imilar difference to those  indic ated above . Marroquin 

et al . ( 1 970 ) reported apparent dige s t ible prot e in values 

for normal and · opaque-2 maize/soybean diets of 78 . 5  and 82 . 3% 

respe c t ively .  S imilar values of 62 . 3-75 . 4  and 6 8 . 9-76 . 9  

have b een reported for diets  of the same basic  c omposition 

( Sihombing � � . , 1 969 ) . Therefore it appears that the 
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present experimental diets  t ended t o  give higher values 

for dige s t ible N than those  reported in the literature for 

maize-baised diet s . This may have been due t o  a c ombina-

tion of the presence of meat and bone meal as the prot ein 

supplement , the relatively l ow level of total protein in 

the diet  and also the restricted feed intake . 

The balance mean square from NR ( g/4 days ) was 

significant ( p  < 0 . 05 )  in the analysis of varianc e , and 

Table 5 . 2 . 4 . 1  shows that this criteria increased from 44 

to 53 g/4 days from balance A to B ove r  all t reatments .  

In Sect i on 2 . J . 6 ,  several reports on the N deposition of 

the growing pig as related t o  increases  in live weight were 

reviewed . A l though the evidence is c onflic t ing ,  it  was 

conc luded that when allowed maximum express ion ,  the abs o lute 

leve ls of  N deposition probably remain approximately cons­

tant over much of the growing period f or modern strains of 

pigs . The results of recent studies on N retention would 

sugges t  that the potential of the growing pig to retain 

N is approximate ly 20 g/day ( Poppe and Wiesemuller , 1 968 ; 

McConne ll et  al . ,  1 971 ) ,  for the period 40-90 kg . Average 

NR values of 1 1  and 1 J . J  g/day for balances A and B suggest  

that the treatments were grossly deficient in  the supply 

of e s s ential amino acids for maximum pro tein synthesis  at 

the feeding level used , The low ret ention values are 

unlikely to have resulted from a low genetic capability for 

protein deposit i on (Henning and Kleeman , 1 96 7 ; McConne ll 

e t  al . ,  1 971 ) .  because of the breeding of the pigs used in 

these  experiments .  The increased feed intake during the 

second balance period , with the increased supply of the 

limiting amino acid , allowed a greater abs olute NR .  This 

occurred even though it may be as sumed that a greater 

frac t i on of the abs orbed amino acid N would be  used in the 

repair and maintenanc e  of the larger t otal musc le mas s . 

In low protein diet s , McConnell � al . ( 1 971 ) 

pres ented results  whi ch indicated that abs olut e  NR increas ed 

in the body wei ght range 40-70 kg . A similar trend i s  

indicat ed from the results o f  Robins on et  al . ,  ( 1 964a) with 



1 4% CP and low energy 20% CP diets .  

However it  should als o  be pointed out that the 

potenti al for over-es t imat ing apparent NR is increased 
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wi th an increas ing volume of mat erial handled in the balance 

experiment . Duncan ( 1 966 } cons iders the greater accuracy 

with smaller animals is probably due to apparatus allowing 

more c omplete c ollection of excreta and the sample s for 

analys i s  represent a greater  proportion of the t o tal . 

There is  als o the possibility of an increased loss of N from 

the exc reta before sampling becaus e of the greater quantity 

of N involved . Since the errors involved in e s t imating 

NR are c ompounded by the me thod of c alculati on (Allison 

and Bird ,  1 964 ; Waterlow e t  al . ,  1 96 0 ) , the greater amounts 

of feed offered to larger animals and the inc reased possi­

bili ty of  los ses from excreta will tend to magnify errors . 

Although the absolute amount of N deposited with 

increas ing live weight signific ant ly increas ed , the efficiency 

with which abs orbed N was ut ilised ( %  NR )  tended t o  decrease , 

as shown in Table 5 . 2 . 4 . 1 . The me an square for the balance 

effec t  failed to  reach s ignifi cance at the 5% level ( p < 0 . 1 0 , 

Table A5 . 9 ) ,  but the results support the well established 

fact that the growing pig shows a reduced efficiency in 

utilising die tary protein with increasing body weight ( Rerat , 

1 972 ) . An increasing proport ion of the abs orbed N is 

ut ilised for purposes other than pro tein anabolism and 

ult imately excreted in the urine . 

When NR was expres sed on a unit live weight bas is 

( g/kg/4 days } ,  the balance mean square failed t o  reach 

s ignificance at the 5% leve l ( p  < 0 . 1 0 ) . However Table 

5 . 2 . 4 . 1  shows that the trend was for a decreas ed ret ention 

of N on a unit weight bas is with inc reasing live weight . 

This indicates that as  the animal increas es  in live we ight , 

the proporti on of the weight gain which c ons t itutes protein 

is decreas ing . Rerat ( 1 972 ) reviewed published work which 

used several criteria t o  indicate that the ratio  of musc le 

t o  fat decreas es rapidly during the growing-finishing phas e 

of the pig ' s  deve lopment . 
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On examining the analys es of variance with reference 

t o  t ]�e mean squares due t o  treatment , the s ignificant 

treatment mean square for N intake was unexpec ted . The 

part itioning of the treatment sums of squares showed that 

this was due princ ipally to the higher N content of the 

opaque-2 maize (Table 4 . 1 . 2 . 1  . 1 ) ,  although lysine supplemen-

tat i on also appeared t o  have an e ffe c t . There is  now a 

c onsiderable body of evidence to  show that N intake influ­

ence s  the results of biological as says for protein quality 

( s e c tion 2 . 3 . 1 0 ) .  Although the influence of the level 

of intake is  more pronounced with lower quality proteins , 

it  was as s umed that the increased N content of the opaque-

2 maize d i e t s  (Table A5 . 5 ) ,  was unlikely to  be confounding 

fact or t o  th e effects  of  amino ac id balance in the pres ent 

experiment . 

The results of % NR are presented in more detail in 

Table 5 . 2 . 4 . 2 ,  because of the re levance of the measure as 

an indicator of pro tein quality . 

The c ode for the ranked treatment means indicates a 

trend for the combinat i on of lys ine and tryptophan t o  

produce the highes t  proport ion o f  N retained . This  criteria 

c an be viewed as repres enting apparent biological value 

( crampton and Harris ,  1 969 ) . Ideally the diets should all 

have had the same crude protein c ontent s ince this has 

an important effec t  upon biological value (Henry , 1 965 ) . 

A c loser c ontrol of protein intake could have been pos sible 

in the pres ent experiments ,  with the treatments mean square 

for N intake signifi c ant (Table A5 . 9 ) . The range of N 

intakes was 9 1 -1 06 and 1 04-1 49 g/4 days for balance s  A and 

B respect ive ly . 

The balance means over all treatments of 52 . 9  and 

46 . 8  compare favourably with o ther published results  for the 

BV of maize protein for the growing pig of 49-6 1 ( Arms trong 

and Mit chell , 1 955 ) and using the rat 55-62 . 8  ( FAO , 1 970) . 
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TABLE 5 .  2 .  4 .  2 Treatment and balance means for nitrogen 

retenti on (<;UDN ) wi th standard errors for 

a split -plot experiment with mis sing data 

( Cochran and Cox , 1 950 ) . ( 1 ) 

Balance Treatment 
Treatment No . Code A B Mean 

1 2  mlt 58 . 5  56 . 0  5 '/ . 3 

1 4  plt 56 . 5  54 . 5  55 . 5  

1 1  m 56 . 5  47 . 5  52 . 0  

1 5  pml 59 . 0  42 . 5  50 . 8  

1 6  pmt 53 . 5  45 . 5  49 . 5  

9 1 48 . 0  45 . 0  46 . 5  

1 3 p 46 . 5  45 . 5  46 . 0  

1 0  t 44 . 5  37 . 5  4 1 . 0  

Balance Mean 52 . 9  46 . 8  

Overall Treatment Mean 49 . 8  

In normal maize die ts c ontaining 1 5% soybean meal , McConnell  

e t  al . ( 1 971 ) report apparent BV figures of  54 . 8  and 50 . 9  

for pigs approximat ely 40 kg , being influenc ed by the strain 

of pig used . Wi th pigs averaging approximat ely 3 1  kg and 

us ing opaque-2 and normal mai ze with no pro tein supplemen­

tation , Cromwell et al . ( 1 969 )  indicated % NR values of 49 . 8  

and 35 . 3  respectively when an equivalent amount of protein 

was supplied by each maize . Henru and Boudon ( 1 971 ) ,  in 

( 1 ) standard error ( S . E . ) of the d ifference between two 
treatment means + 4 . 04 ( + 5 . 51 if the c omparison 
inc ludes treatment 1 6 ) .  -

S . E .  of the difference between the two balance 
means + 2 . 82 .  
S . E .  ol the difference between two treatment means 
in the s ame balance period + 6 . 67 ( + 1 0 . 04 if the 
comparis on involves treatment 1 6 ) . -
S . E .  of the difference between two balance means 
with the same treatment + 7 . 5 1 ( + 7 . 96 if the 
comparison involves treatment 1 6j .  



digestibility trials with male c astrates ( init ial weight 

J0 . 1  kg) , report values of 5J . J  and 59 . 5% NR for diets 

1 J6 . 

c ontaining normal and opaque-2 maize res pectively . Under 

the conditions of the present experiment , the BV ' s  were 

very s imilar for the two maize s ,  although the des ign did 

no t allow an ac curate or sens i t ive test  for the maize 

effect alone . The values were 51 . 9 ,  5J . 8 . and 46 . 5 ,  47 . 0  

for normal and opaque-2 maize in balance periods A and B 

respec t ively .  There was a trend for the opaque-2 t o  be 

superior and a slight indicat ion that the difference was 

greater at the lighter weight . As indicated previous ly 

for NR ( g/4 days ) ,  there was no significant - reduc t ion in 

% NR with the diets  producing severe imbalanc e effects  in 

Experiment I .  

Bressani ( 1 962 , 

decreases in NR 

imbalances . 

However , working with children and dogs , 

1 969 ) has been able to  demonstrat e 

through amino ac id supplementation produc ing 

The treatment mean squares  for NR ( g/4 days ) was 

s ignificant ( p  < 0 . 05 )  �d Table A5 . 9  shows the part itioned 

TSS . The two main effec t s  P and L were s ignificant ( p  < 0 . 05 ) , 

and the second order int eract ion PM was s ignific ant at the 

1 0% leve l .  The s i gnificant P ( presence of opaque-2 maize ) 

effec t ,  ( confounded with -MLT ) , sugges t ed that diets 

c ontai�ing opaque-2 maize supported greater abs o lute NR , 

and this is in agreement with the significant maize effec t 

in the treatment sum s  of squares for ADG and FCR seen in 

Experiment I .  Table 5 . 2 . 4 . J  gives the ranked treatment 

means for NR ( g/� days ) t ogether wi th lines express ing the 

results  of a Duncan Mult iple Range Tes t . 



TABLE 5. 2 . 4 . 3 Ranked treatment means for nitrogen 

retent ion ( g/4 days } over both balance 

periods . 

Treatment No . : 1 4  1 2  1 5  1 6  1 3  1 1  9 1 0  

C ode plt mlt pml pmt p m 1 t 

Mean ( 1 ) 5 9 . 5  55 . 8  53 . 3  49 . 5  4 7 . 3  4J . 5  40 . 5  37 . 3  

( 1 ) Those means not underscored by the same line 

differ signifi c antly ( p < 0 . 05 ) .  
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Relating t o  the pos i t ioning of the treatments ,  i t  may 

be noted that within treatments for NR ( g/4 days } there was 

often great variability which was not always related t o  

gros s  NI . The removal of one value and recalculat ion of 

the mean with three observat ions often changed the po s ition 

of a treatment by one or more plac ings . This  illus trat es 

the suscept ibility of a low number of replicat ions t o · 

individual variability , as is c ommon in N balance work . 

However several treatment s were s i gnificant ly different in 

the multiple c omparison . The comb inat ion of lys ine and 

tryptophan with methionine in normal maize diets  produced 

a s ignificant increase in NR above the additi on of lys ine 

or tryptophan alone . This  is in support of the s i gnificant 

lys ine by tryptophan interact ion reported for ADG and FCR 

in Experiment I ,  sugges ting the r e s ponse in growth was 

due to an increased ut ilisation of dietary protein in 

the presence of additional lys ine and tryptophan . The 

addition of these two amino acids t o  opaque-2 maize gave 

the highest abs olute values rec orded , but this was not 

s ignificantly different from the unsupllemented diet of 

thi s  maize type . The s i gnificant maize effec t  in the 

partitioned t reatment sums of squares is seen in 4 out of 

the top 5 placings being diets containing the mutant . This  

i s  in support of published work showing that the sub s t i tu­

t ion of opaque-2 for normal maize produced a rise in 

absolute NR ( Henry and Boudon , 1 972 ; Cromwell e t  al . , 1 969 }.  
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Vermorel and Keller ( 1 967 ) suggest the leucine/ 

isoleuc ine ratio  in maize grain protein c ould depress NR ,  

part icularly where the proportion of dispensable amino 

ac ids and the general N c ontent of the diet i s  low ; the 

latter  applying in the experimental diets used here . 

Ext ens ive work has be en c onduc ted with rats in examining a 

pos s ible leucine/isoleuc ine antagonism in maize pro tein , 

with some positive evidence ( De Muelenaere e t  al . , 1 967b ; 

Spolter and Harper , 1 961 ) ,  while o ther results  have been 

inc onc lus ive ( Rosenberg et al . , 1 960 ) . The rat io of 

leuc ine/isoleuc ine in the present experiments was 1 : 3 . 3  

and 1 : 2 . 7  for diets c ontaining normal and opaque-2 maize 

respect ively (Table 4 . 1  . 2 . 4 . 2 ) . There remains the possi­

bility tha t s ome of the superiority of the mutant , and 

differences t o  respons e to some combinati ons of synthetic  

amino acids , may have been due to the change in this ratio . 

Higher mean NR values for normal mai ze supplemented 

with lys ine and methionine alone c ompared with tryptophan 

alone was unexpected on the basis of result s  from Experi­

ment I ,  although the differences were non-s ignific ant . A 

much lower rate of refusals for treatments 9 and 1 1  in 

Experiment II and the possible reasons for this have already 

been dis cus sed ( S ection 5 . 2 . 2 ) .  The se results for absolute 

NR would suggest that if leve ls of feed intake are similar , 

the animal is able t o  utilise the amino ac ids in these 

imbalanc ed diets for protein synthesis to  a similar ext ent 

as when fed a more balanced spe ctrum of amino acids . 

However , only trends are indic at ed here and experiments 

allowing a more s ensit ive evaluation of the effects  of amino 

ac id imbalance and feed intake upon N met abolism would be 

required to collect more definit ive information .  

When NR was expressed on a unit live weight basis  

( g/kg/4 days ) , _  there was a significant ( p  < 0 . 05 )  effe ct 

due to  treatment . The part itioned t reatment sums of squares 

for NR .( g/kg/4 days ) is shown in Table A5 . 9 , with the P and 

L main effects  reaching significance ( p < 0 . 05 )  and the 
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f irst - order interaction PM significant at the 1 0%  leve l . 

The ranked t reatment means are shown in Table 5 . 2 . 4 . 4 ,  

together wi th the results of the Duncan Mult iple Range Tes t . 

TABLE 5 . 2 . 4 . 4  Ranked treatment means for nitrogen 

retention ( g/kg/4 days ) . 

Treatment No . : 1 4  1 2  1 5  1 6  1 3  1 1 

Code plt mlt pml pmt p m 

Mean ( 1 ) 1 .  56 1 .  50 1 . 4 5  1 .  33  1 . 2 5  1 . 1 6  

( 1 ) Those means not underscored by the s ame 

are significant ly different ( p < 0 . 05 ) . 

9 1 0  

1 t 

1 . 1 0  1 .  02 

line 

The order of  superiority with respect  t o  NR on a unit live 

weight bas i s  is the same as for absolute NR (Table 5 . 2 . 4 . 2 ) .  

The multiple treatment comparis on also gave similar con­

c lusions for significant differences be tween treatment s .  

There was no suggestion of a treatment by balance 

interac tion for any of the crit eria s tudied apart from live 

weight ( whi ch was due to the e xpec ted very large mean square 

t o  balance ) . However the experimental des ign did not allow 

for a s ens i t ive test  of the treatment by balance interac t ion . 

5 . 3  SOME COMPARISONS BETWEEN THE RESULTS OF 

EXPERIMENTS I AND II 

A c onsiderab le differenc e in the extent of feed 

refusals has been discuss ed in Section , 5 . 2 . 2 .  Average daily 

gains ( ADG) and nitrogen retention values for animals from 

Experiment II were subsequent ly compared with the growth 

data from Experiment I .  However , in drawing these compar-

isons , the possibility of error due t o  some fac t ors not being 

common t o  the two experiments  was appreciated . Those which 

may be important have been di scussed in Section 5 . 2 . 2 .  
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5 . 3 . 1 A Comparison of Liye Weight Gains 

Animals in Experiment II were introduced t o  the 

experimental diets  at the same live  weight as in Experiment I 

and were fed t o  the same s cale . Table A5 . 1 0  includes the 

live weight s·  according t o  treatment and ADG calculated by 

linear regres s i on for pigs in Experiment II . For the s ame 

die t s , average daily gains with barrows and gilts  plus 

barrows from Experiment I are also shown and c ompared with 

the growth rate s  recorded in Experiment II . 

From Table  A5 . 1 0  it  can be seen that the growth 

performances on the respe,ct ive treatments were very s imilar 

for the two experiments .  Correlat ion coeffic ients of 

the mean ADG for each treatment in Experiment II with the 

mean for the Barrows only ( r = 0 . 95 )  and gilts  plus barrows 

( r = 0 . 90 ) in Experiment I were both highly s ignificant 

( p < 0 . 01 ) .  However there was a trend for animals in 

Experiment II to show superior growth rates . The c onflict-

ing published information on this aspect of balance s tudies 

has been reviewed in Sect ion 3 .  4 .  With little app-arent 

advantage from considering barrows only , the treatment means 

for the 4 observations in Experiment I were used in 

subsequent c alculati ons . However there were some inter-

esting observat ions for treatment s 9 and 1 1 . Exc luding 

the re f'l'll t s  for the gil ts  on treatment 9 substant ially 

improved this treatment mean in Experiment I and reduced the 

difference in growth rate be tween the two experiments from 

2 5  to 1 1 % .  This was probably the princ ipal cause for the 

superior correlation c oefficient us ing barrows only in the 

c omparison .  The mean for treatment 1 1  was slight ly improved 

by exc luding the gilt s , but this increased the difference 

between the experiments for this t reatment . The increase 

in mean ADG from excluding the gilts for t reatments 9 and 1 1  

would sugges t  that perhaps the gilts reac ted more s trongly 

t o  the diet ary · imbalance of amino acids . The 4 highes t  

refusal t ot als recorded in Experiment I were for gilt s , as 

shown in Table 5 . 1 . 2 . 1  { treatments 3 and 9 ) . However , no 

c lear trend for a different ial response between the s exes 



was seen for the remaining treatment s , and the design of 

the experiment did not allow a sensitive test  for the 

effects  of sex .  

From a review o f  the literature , it  was c onc luded 

in Section 2 . J . 8  that gi lts are more sensitive t o  changes 

in dietary protein quality and quant ity .  Bayley and 

Summer ( 1 968 )  consider that this limits  the usefulness  of  

us ing only barrows in  NR s tudies . There appears to  be  
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no published work c onducted looking spec ifically at the 

influenc e of sex on the response to  dietary amino acid 

balance in the growing pig and this remains a possible field 

for future study . 

s . J . 2  A Comparison of Growth Rates from Experiment I 

for the Group II diets  ( treatment s 9-1 6 )  with 

Nitrogen Re tention Information from Experiment II 

To examine a pos s ible relationship between growth 

rate and absolute nitrogen retent ion ( NR ) , the growth period 

for Experiment I was divided into two sub-periods , with the 

mean live weights c o rresponding approximately to those for 

balances A and B in Experiment II . For sub-period A the 

weekly live weight s greater than 2 3  kg but les s than 

36 . 5  kg were used and for sub-period B ,  live we ight s greater 

than 36 . 5  kg . The resulting regres si on coeffic ient s , 

t ogether with the NR data , are lis ted in Table A5 . 1 1 . In 

only 6 cases was the res idual mean square not s ignificant ly 

reduced by calculat ing a two coeffic ient model  ( p < 0 . 05 ) . 

Two individuals on t reatment 9 and one on treatment 1 1  

showed a lower ADG during the second sub-period , although 

in two cases the difference in the residual mean square 

from a s ingle regre s s ion coeffic ient was no s ignificant . 

However this indicates that for these animals ,  the feed 

refusals for sub-period B were a greater fract ion of the 

t otal feed offered , so that feed intake relative t o  body 

weight declined . 

A regression was c alculated of the mean ADG for 

treatments 9-1 1 for each sub-period in Experiment I on the 
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corresponding response as NR ( g/day ) in Experiment II . 

When all the t reatments were considered , the regression 

c oefficients were not s ignificant ( p ) 0 . 05 ) . However , 

when the values for treatments 9 and 1 1  were excluded , the 

regression c o efficient s achieved s ignificance at the 5% 

level (Table A5 . 1 1  ) .  The two regression lines for mean 

live weights of  approximately 3 1  ( Balance A ,  sub-period A )  

and 44 kg (Balance B ,  sub-period B )  are shown in Figure 

5 . 3 . 2 . 1 . The respect ive equati ons are as follows : 

Balance A ( 31 . 4  kg ) Y= 2 68 . 40 + 9 . 45X ( S . E . b = + 2 . 41 )  

Balance B ( 43 . 8  kg ) Y= 378 . 51 + 1 2 . 97X ( S . E . b = + 3 . 2 5 )  

where , Y = ADG ( g/day ) 

X = NR ( g/day ) 

S . E . b= S tandard error of the regre ssion coefficient . 

The two regres s ion coefficient s were not s ignificantly 

different from each o ther ( p ) 0 . 05 )  in t erms of res idual 

variances and s lope , the po oled regress ion coeffici ent 

being 1 1 . 86 with S . E .  + 1 . 24 

These result s are evidence of a s ignificant po s i t ive 

relationship be tween the ability of the animal to retain 

dietary N and the observed growth rate  expres sed as ADG 

us ing these experimental diets . The position of the value s 

for treatments 9 and 1 1  are included in Figure 5 . 3 . 2 . 1  with 

treatment 9 giving the lower ADG in each case . In relat ion 

to growth , a much higher rate of  NR o ccurred on thes e  

" imbalanced" diets  than could be ant ic ipated from the 

s ignificant relati onship with the other treatments .  In 

c omparing the growth rate data from the two experiments 

( Sect ion 5 . 3 . 1 ) ,  it  was apparent that much higher weight 

gains result ed for t reatment 9 and for one animal on treat­

ment 1 1  in Experiment II , despite  a significant c orrelat ion 

between the two sets  of results .  This was due t o  a higher 

voluntary feed intake (Sect ion 5 . 2 . 2 ) . Also  NR ( g/4 days ) 



on the s e  two die t s  was not s ignificant ly different from 

that on three o ther treatments (Table 5 . 2 . 4 . J ) . 
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The good relat ionship between growth and N retention 

in the growing pig in these experiments ,  apart from the 

imbalanced diets , supports the conc lusi ons of s everal 

studies using growing pigs with these  t'"'o criteria 

( Ostrowski , .  1 969 ;  Henry and Boudon , 1 97 1  ; Cromwell et al . , 

1 969 ; Jones et  al . , 1 962 ) .  No carc as s  quality informa­

tion was collected in the present experiments ,  but the 

results  of other c omparative studies have shown a good 

relationship be tween estimat ed NR and the lean/fat rat io in 

the carcass ( Cunningham et  al . ,  1 962b ; Jones et  al . , 1 962 ; 

Cunningham and Friend , 1 966 ; Cooke et  al . , 1 966 ; Jung 

and Piatkowski , 1 96 7 ; McConne ll et  al . ,  1 971 , 1 972 ) .  

However , Braude et  al . ( 1 968 )  found evidence for an increase 

in carcass lean which was not reflected in a change in 

total NR . Also , the results  of Blair et al . ( 1 968a )  and 

Madsen and Matensen ( 1 964 )  indicate that supplementation 

wi th lys ine , although significant ly inc reas ing live weight 

gain and feed c onvers ion efficiency , had no s ignificant 

effec t on the rate  and efficiency of lean meat gain . 

However the trend was for both these c riteria t o  improve 

with higher lys ine leve ls and the use of only two replicat ions 

per treatment at each s laughter weight would demand wide 

differences to reach s ignificanc e .  Their observat ions 

sugges t  however that it may be more difficult to observe 

changes in NR or lean meat gain due t o  smaller effec t s  from 

changes in prot e in quality than for growth rate . Thi s , 

c oupled with the lower replicat ion usually unavoidable in 

the balance technique , would make s i gnificant difference s  

by this method difficult t o  detec t . 
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F IG.  5.3.2. 1 Regression of ADG ( Experiment I )  on 
Nitrogen Retention ( Experiment 1 1 )  for Balance A( · )  
and Balance B (X ) ,  with treatments 9 and 1 1  excluded. 
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CHAPTER 6 SUMMARY AND CONCLUSIONS 

6 . 1 GENERAL PERFORMANCE 

The feeding s c ale used in Experiments I and II was 

based upon a table presented by ARC ( 1 967 ) . Adjusted t o  

85% o f  that scale on a weight bas i s , the daily intake of 

ADE was 95% of the figures  quo ted , due t o  the higher ADE 

value of the die t s  used in thes e  experiments ( 3 . 3  meal 

DE/kg) . The ARC reviewers present expected daily live 

we ight gains and over the 2 5-50 kg period , 95% of the ADG 

was calculated as 662 g/day . The gene ral mean for ADG 

in Experiment I was 41 5 g/day , sugges t i ng that the basal 

diet of 90% maize/1 0% meat and bone me al was inadequate for 

support ing near-opt imum growth rates  f o r  growing pigs . 

Average abs o lute NR values of 1 1  and 1 3 . 3  g/day also 

indicated that the supply of essential amino ac ids was only 

allowing approximately 50% of the pot ential rat e  of N 

depo s i tion in pigs of the we ight range used in the se 

experiment s .  Thes e  conc lus ions are supported by the 

calculated levels of amino ac ids both on a dry mat ter basis 

(Table 4 . 1  . 2 . 4 . 2 )  and per meal of ADE ( Table 4 . 1 . 2 . 4 . 3 ) , 

where the limiting amino acid in any dietary c ombinat ion 

is  supplying only approximat e ly 50-60% of t he e s t imated 

requirement ( ARC , 1 967 ; Rerat and Lougnon , 1 96 8 ) . 

6 . 2  9PAQUE-2 MAIZE 

The substitut ion of o paque-2 mai ze for normal maiz e  

produced superior ADG and FCR irrespective o f  the type o f  

amino acid supplementat i on . Thi s  produced a s ignificant 

main e ffect  due t o  opaque-2 maize ( P )  in the part i t ioned 

TSS for these c ri t eria .  Treatment means for the two maizes  

were significantly different ( p < 0 . 05 )  with no  amino ac id 

supplementation , lys ine alone , methionine alone and lys ine 

plus me thionine . Although only one feeding level and 
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pro tein supplement was used , and the die ts were re latively 

low in total c rude protein , these resul t s  also sugges t  

that lower protein and/or amino acid supplementation would 

be required for equivalent performance t o  be obtained in 

opaque-2 as opposed to  normal maize die t s .  

The N balance s tudies supported observations made 

in Expe riment I :  in the analyses of varianc e , the maize 

effec t  was signifi c ant for NR ( g/4 days , g/kg/4 days ) .  

6 . 3 AMINO ACID IMBALANCE 

An imbalance effec t ,  characterised by a reduction in 

voluntary feed intake and growth rat e , was induced in 

normal maize/meat and bone meal diets  by the addition of 

lys ine ( 0 . 37% )  and me thionine ( OJO% ) , e ither alone or in 

combinat i on in Expe riment I .  Feed convers ion efficiency 

was only signifi cantly depres sed with the lys ine plus 

methionine conbinat ions . Lys ine suppl ementation of opaque-2 

maize diets non-s ignificantly depressed  growth and feed 

convers ion effic iency , whi le the addit i on of methionine or 

methionine plus lys ine had no effec t . It was c onc luded 

that diets  containing opaque-2 maize are less  likely t o  

induce imbalance e ffects  with amino ac id supplementati on , 

probab ly due t o  the higher levels of t he limit ing amino 

ac ids in the grain prot e in of the mutant . 

Although not examined stat i s t i cally , there was the 

sugges tion from a c ons iderat ion of individual feed refusal 

t otals and growth rat e data that gilts  may be  more sens i t ive 

to dietary amino ac id imbalance than c astrates . 

6 . 4  LIMITING AMINO ACIDS 

The main effec t  for t ryptophan in the analyses of 

variance for ADG and FCR was highly s ignificant ( p < 0 . 01 ) .  

Also highly s i gnificant for thes e  two criteria was the 

lysine by tryptophan inte raction :  the response t o  these  

two amino acids toge ther being greate r  than t o  either alone 



for the two mai zes . The addition o f  lysine plus 

t ryptophan to normal maize  inc reased ADG and FCR s o  that 

performanc e was superior but not s ignificant ly different 

from an unsupplemented opaque-2 maize diet . I t  was 

therefore c oncluded that higher leve ls of the s e  two amino 

acids in the mutant maize  grain was responsible  for its  

superiority in maize/meat and bone meal diets . 
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The addi t i on of methionine t o  diets  containing 

supplemental lys ine and t rypt ophan was without effec t  for 

normal maize but produced a non-significant increase in 

ADG and FCR for diets  c ontaining opaque-2 mai z e . The 

four highest  treatment means for ADG and FCR were the 

normal and opaque-2 maizes  supplemented with the lysine 

plus t ryptophan or the lys ine plus t ryptophan plus methio ­

nine c ombinations . 

It was c oncluded that tryptophan was the first limit­

in amino , followed by lys ine , for normal and opaque-2/meat 

and b one meal diets . The results  sugges ted that methionine 

may be  third limiting in t he opaque-2 maize diet s , but that 

s ome o ther amino acid i s  third limit ing in normal mai ze/ 

meat and bone meal diet s . 

These c onc lus ions were supported in part by the N 

balance studies : the two treatment s of normal maize plus 

lys ine , methionine and tryptophan and opaque-2 maize plus 

lys ine and tryptophan produc ing the highest  values for 

abs o lute NR ( g/4 days ) , % NR ,  and NR g/kg/4 days . 

Since many s tudies with rats and pigs have shown 

that tryptophan and lys ine are the two es sent ial amino 

ac ids limit ing the uti l i s at ion of maize grain prot e in , it  

was c oncluded that the addition of meat and b one meal at  

the level used in the s e  experiments did not alter this 

s ituati on for the two protein s ources c omb ined . However 

although the evidence for the first limiting amino ac id 

in maize prot e in is conflicting ,  the re lat ive ly low level 
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o f  trypt o phan in the meat and bone meal suppleme nt results  

in this amino ac id being c le arly limit ing in dietary 

c ombina t i ons of the se two feedstuffs . 

6 . 5  NUTRIENT DIGESTIBILITY 

In Experiment II , where half the dietary treatments 

used in Experiment I were e xamined , there was no s ignificant 

effec t  ( p < 0 . 05 )  of treatment diet o r  balance period upon 

ADDM ( 8 5% ) , ADE ( 85% ) , ME ( 83% ) , or ADN ( 84% ) . 

6 . 6  NITROGEN METABOLISM 

Treatment and balance effects  were significant 

( p < 0 . 05 )  for absolute NR ( g/4 days ) and NR ( g/kg/4 days ) , 

but only at 1 0%  for the balanc e effec t  of the l at t er .  In 

the part itioned TSS , the mai ze and lysine main effect s  

were s ignificant ( p < 0 . 05 )  and the maize by methionine 

int erac tion significant at the 1 0%  level for these two 

criteria . However , confounded effects  do  not allow accurat e 

interpret ation of these results . Abs olute NR ( g/4 days ) 

significant ly ( p < 0 . 05 )  inc reased , but NR as related to  

live weight ( g/kg/4 days ) non-significant ly ( p < 0 . 1 0 ) 

decre ased , from Balance A t o  B .  

The treatment and b alanc e mean squares for %NR were 

significant at the 1 0% leve l ,  with a trend for  thi s  criteria 

( apparent biological value ) to  dec rease at the second 

balance and t o  improve with the use of opaque-2 mai ze and/o r  

the addi tion o f  lys ine plus tryptophan . 

6 . 7  MANAGEMENT AND THE EFFECTS OF AMINO ACID IMBALANCE 

In c ontrast t o  Experiment I ,  there were no significant 

feed refusals recorded for individuals in Experiment II . 

It  was conc luded that differences in management between the 

two experiments ,  and par t icularly with regard t o  the t ime 

animals· were allowed acc e s s  to  feed was respons ible . 



The higher intake s  of' the " imbalanced" diets  in Experiment 

II appeared to produce no ill ef'f'ects  and supported NR 

values s imilar to  s eve ral of' the remaining treatments 

examined in Experiment II . 

6 . 8  GROWTH RATE FOR GROWING PIGS PENNED AS INDIVIDUALS 

AND IN GROUPS 

There was a highly s ignificant correlat ion between 

the average daily gains f'or Experiment s I and II , both 

when barrows only and gilts  plus barrows f'rom Experiment I 

were used in the c omparis on .  However there was a t rend 

f'or  growth rates to  be superior  in Experiment II by 1 t o  2 5% , 

the larges t  improvement being f'or treatment 9 which induced 

s evere imbalance ef'f'ec t s  in Experiment I .  

6 . 9  THE RELATIONSHIP BETWEEN LIVE WEIGHT GAIN AND 

NITROGEN RETENTION 

A regression of' ADG ( g/day ) f'or Experiment I on NR 

( g/day ) from Experiment II f'or treatments c ommon to both 

was s ignificant ( p < 0 . 05 )  only when the data f'or treat-

ments 9 and 1 1  were exc luded . It was c onc luded that the 

p o s i t ive response in terms of ADG to amino ac id supplemen­

t ation in Experiment I was due to an improved utilisat i on 

of' dietary protein ,  leading t o  a greater depo s i tion of' body 

protein.  



TABLE A1 . 1  

Date
( 1 )  

1 959  - 60 

1 960 - 61  

1 96 1  - 62 

1 962 - 63 

1 963  - 64  

1 964 - 65 

1 965 - 66 

1 966 - 67 

1 967 - 68  

1 968 - 69 

1 969 - 70 

1 970 - 71  ( 2 ) 

Maize grain 

( taken from 

S ept . 1 972 ; 

1 50 .  

produc t i on in New Zealand 

the Monthly Abs tract of' Stat i s t ic s , 

Dept . of' Stat i s t ic s  Wellington , N . Z . ) . 

Acres ( , ooo) Yield ( ' 000 bushe lls ) 

8 . 3  703 

6 . 6  404 

7 . 3  544 

8 . 0  609 

9 . 6  744 

9 . 7  927 

8 .  1 762 

7 . 6  728  

1 4 . 5  1 4 1 3  

1 7 .  6 201 4 

20 . 0  2 308 

2 3 . 2  

( 1 ) Relat e s  to  holdings of' 1 0  acres and over . 

( 2 ) Est imated . 



TABLE A3. 1 a  Published values for the crude protein and essent ial amino acid contents ( per cent air dry weight ) 
of normal hybrid maize , along with respective data for the sample used in Experiment s  I and II . 
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TABLE A3 . 1 b Publ ished values for the crude protein and es sent ial amino ac id con tent s ( per cent air dry weight ) 
of Opaque-2 maize , along with respec t ive data for the sample used in Experiments I and I I .  
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TABLE A3. 2  Publi shed values for the crude pro t ein and e s s ential amino acid content ( per c ent air dry weight ) 
of meat and bone meal , along with respe c t ive data for the sampl e  used in Experiment I and II . 

l=l 
'M 
Q) 

..., 
0 
M 

ll4 
Q) 

� 
C;) 

50 . 0  
50 . 6  
44 . 4  
54 . 0  
53 . 7  

4 5 . 0  
50 . 0  
45 . 2  
44 . 3  

a 
-a 
0 

� 
c 

E-4 

0 . 35 
0 . 2 0 
0 . 1 9  

0 . 55• 
0 . 1 8  
0 . 26 
0 . 2 7 
0 . 2 4 

Q) 
l=l 

'M 
· Ill 

s 
2 .  8 1  
3 . 50 
2 . 1 0  
3 . 00 
2 . 60 
3 . 2 8 
2 . 20 
2 . 60 

2 .  8 1  
2 . 42 

Q) 
l=l 

.,.j 
= 
0 

'M 
.cl 
..., 
Q) 

� 

0 . 68 
0 . 70 

0 . 70 
0 . 80 
0 . 89 
0 . 53 
0 . 67 
0 . 5 3 
0 .  4 1  

-
tU ........... 

Q) 
= 
'M 
..., 
Ill 
>­

(.) 

Q) 
= 

+ 'M 
..., 

• Ill 
.cl >.  
..., (.) 
Q) 

� 

(b ) 0 .  68 
0 . 60 1 . 30 
1 • 1 b 

0 . 4 9 
0 . 2 6 
0 . 3 3 
0 . 5 1 
0 . 2 8 

1 .  38  
0 . 79 
1 . 00 
1 . 04 
0 . 69 

Q) 
= 

'M 
= 
0 
Q) 
M 

� 
1 . 70 
1 .  80 

1 .  93 
1 .  80 
1 . 63  
1 .  51  
1 . 37 

Q) 
= 

'M 
0 
� 
Q) 

,....j 
0 
Ul 
H 

1 .  74 
1 .  70 

1 . 79 
1 .  70 
1 • 2 8  
1 . 05 
1 • 22 

Q) 
= 

'M 
0 
� 
Q) 

� 

3 . 2 2 
3 . 1 0  

3 . 76 

2 . 50 
2 . 67 

. 
,....j 
tU 

,....j 

E' 
Q) 

f 
1 . 75 
1 .  80 

2 . 1 3  
1 .  80 

. 1 .  70 
1 . 35 
1 .  49 

-
tU ........... 

Q) 
= 

'M 
Ul 
0 
M 

?; 
1 .  22 

1 .  40 

0 . 86 
1 .  04 

Q) 
+ l=l 

.,.j 
• Ul 

,....j 0 
>. M  

ffi P  
f 

2 . 97 

3 . 5 3 

2 . 2 1 
2 . 5 3 

Q) 
= 
'M 
= 

'M 

� 
< 

3 . 74 
4 . 00 

4 . 33 
2 . 70 
3 . 35 
3 . 34 
2 . 85 

Q) 
= 
'M 
,....j 
tU 

> 

2 . 45 

2 . 40 

2 . 7 8 
2 . 40 
2 . 2 5 
1 • 6 1  
1 . 80 

Q) 
= 

'M 
"d 
·r-t 
..., 
Ul 

·r-t 
::z:: 

0 . 90 

0 . 90 

1 . 1 2  
1 .  50 
0 . 96 
1 . 04 
0 . 75 

( a ) Cys t ine and tyro sine are not e s s ential for th e pig ,  but are inc luded he re because 
the leve l of intake of the s e  two amino acids influenc e s  the dietary requirement 
for methi onine and phenylalanine respe ct ively . 

(b ) A blank spac e deno t e s  values not given . 

Referenc e 

McDonald et al . ,  1 971 

Crampton & Harris , 1 969 
) 
)Mas s ey Univers i ty , 
) unpub li shed .. 

FAO , 1 970 
) 
)All en , 1 972 

Payne et al . ,  1 972 
Analys i s  of s amples 
from the c onsignment 
used in Expe riment s' 

I and II 

..... 
\.J1 
w 
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TABLE A 4 . 1  a Gross c omposition ( per c ent of air dry diet ) 

in preliminary Tri al A .  

Die t  1 2 3 4 5 

Opaque-2 mai ze 96 . 00 

Normal maize 96 . 00 96 . 00 96 . 00 96 . 00 

Bone flour 4 . 00 4 . 00 4 . 00 4 . 00 4 . 00 

Min . & Vit . ( 1 ) 0 . 25 0 . 2 5 0 . 25 0 . 25 0 . 2 5 

Salt 0 . 2 5 0 . 25 0 . 25 0 . 25 0 . 25 

L-lysine . HCL 0 . 70 0 . 70 

DL-methionine 0 . 30 0 . 30 

( 1 ) For the c omposition of the mineral and vitamin 

supplement , see Table A4 . 3  

TABLE A4 . 1 b Summary of' results for pre liminary Trial A .  
( 1 ) 

Group A B c D 

Peri od I 

Diet  1 2 3 4 

Days on test  22  24 22 2 7  

Growth rate ( g/day ) 1 91 1 45 1 50 68  

Feed intake ( kg) 989 989 953 653 

FCR (kg �eed/kg gain ) 5 . 1 8  6 . 82 6 . 35 9 . 60 

Live wei ght ( kg) 1 9 . 3  1 9 . 0  1 9 . 4  1 6 . 8  

Period II
( 2 ) 

Diet 4 6
( 3 ) 

5 1 

Days on tes t  2 1  2 1  21 21 

Growth rate ( g/day ) 1 09 535 1 32 2 95 

Feed intake ( kg) 943 1 352 871 1 1 1 6  

FCR {kg feed/kg gain) 8 . 65 2 . 53 6 . 60 : L  78 

Live wei ght ( kg) 24 . 8  2 9 . 5  24 . 2  22 . 9  

( 1 ) Means o f  5 observations , 5 pigs/group whi ch were fed as 

( 2 ) 
a group . 
Consecutive t o  Period I .  

( 3 ) A rat i on based on barley , fish meal and meat and 
bone meal . 

FCR = Feed C onversion Rat i o .  



TABLE A4 . 2  Gros s  dietary compos ition ( per cent air dry die t ) and summary of results 
for pre liminary Trial B .  

Diet  

Opaque-2 maize 

Normal mai ze 

Meat and bone meal 

Salt 

Min . & vit . 
( 1 ) 

Calc . crude protein 

Calc . lys ine 

Summary o f  Results ( 2 ) 

Days on treatment 

Growth rate ( g/day )
( J )  

Feed intake ( kg/day ) 

FCR (kg feed/kg gain ) 

1 

90 . 00 

1 0 . 00 

0 . 2 5 

+ 

1 J .  1 

0 . 58 

55 . 2  

376 

1 .  27 

3 . 40 

2 

90 . 00 

1 0 . 00 

0 . 25 

+ 

1 2 . 8  

0 . 44 

55 . 0  

2 1 3 

1 . 09 

6 .  3 1  

3 

85 . 00 

1 5 . 00 

0 . 25 

+ 

1 5 : 0  

0 . 69 

5 9 . 0  

345  

1 .  2 3  

3 . 52 

4 

85 . 00 

1 5 . 00 

0 . 25 

+ 

1 4 . 7  

0 . 55 

5 J . 4  

1 50 

0 .  91  

8 . 32 

5 

80 . 00 

20 . 00 

0 . 25 

+ 

1 6 . 8  

0 . 80 

6) . 4  

J 1 J 

1 • 1 J 

J . 77 

6 

80 . 00 

2 0 . 00 

0 . 2 5  

+ 

1 6 . 6  

0 . 67 

52 . 0  

1 77 

0 .  9 1  

5 . 55 

( 1 ) Supplying Mn ,  Zn , Fe , Cu , Nicotinic acid , Panto thenic acid , vitamins A ,  

DJ and E to  satisfy respective published requirements ( ARC , 1 967 ) .  

( 2 )  Means of 5 individually fed animals per treatment . 

( J ) Average ini tial wei ght 20 . 5  kg . 

FCR = Feed C onversion Ratio . 

� 
\.n 
\.n 
. 



1 56 .  

TABLE A4 . J  Stated contribut i on o f  minerals and vitamins 

to the d i e ts used in Experi ments I and II by the 

proprietary supp1ement ( 1 ) 
incorporated , along 

with respective recommendati ons {ARC , 1 967 ) . 

Vitamin A { iu ' s ) 

V i t amin n3
( iu ' s ) 

Vitamin E ( iu ' s ) 

V i t . K (Menedione ) (mg) 

Vi t .  B1
( Thiamine ) {mg) 

V i t . B2
( Ribof1avin ) (mg) 

V i t . B6
{ Pyridoxine ) (mg) 

V i  t .  B1 2  {ug) 

Panto thenic acid (mg) 

Biotin 

Nicotinic acid ( mg) 

Folic acid 

Choline ( mg) 

Iron ( ppm ) 

Z inc ( ppm) 

Manganes e  ( ppm) 

C opper ( ppm) 

Iodine ( ppm) 

C obalt 

Selenium { ppm) 

3 Nit ro ( mg) 

Oxytetracycline 

S emolina carrier 

C ontributi on Recommendation 

{ per kg air/ { per kg air/ 
dry wei ght ) dry weight ) 

441 0 1 6 1 0  

662 2 2 1  

20  1 . 5 

1 .  4 8  1 . 5 

3 . 5  2 . 4  

4 . 0  2 . 4  

1 1  . 0 1 0 .  1 

1 2 . 0 ( 2 )  1 0 .  1 

? 

1 5 . 0  1 2 .  1 

22 1  ( 3
) 

803 

70 27 ( Toxi c  
level 
5 000 ) 

1 50 2 3  ( Toxic 
level 
2000 ) 

4 5  ? {Toxic  
level 
1 ooo) 

1 80 1 .  8 (Toxic 
level 

5 00 ) 

2 .  1 ? 

O . JJ ? 

0 . 1 5  ? (Toxic 
l evel 

2 7 . 6  

453 

( 1 ) Tasman Vacc ine Laboratories (N . Z . ) Ltd . 

( 2 ) C onversion factor : 1 g Panto thenic ac id = 

1 . 1 1 5  g Ca-D-pantothenate . 

( 3 ) C onvers i on factor : 1 g choline = 1 . 1 53 g choline chloride . 

7 ) 



TABLE A4 . 4  

Live Weight 

< 1 8 . 0  

1 8 . 0  

20 . 5  

2 3 . 0  

25 . 5  

28 . 0  

30 . 5  

3 3 . 0  

3 5 . 5  

38 . 0  

40 . 5  

43 . 0  

4 5 . 5 

48 . 0  

50 . 5  

5 3 . 0  

55 . 5  

58 . 0  

1 57 .  

Daily feed allowance s  (kg) acc ording t o  live weight 

( kg ) for preliminary Trials A and B .  

Preliminary 

Trials A and B 

0 . 91 

0 . 97 

1 .  06 

1 . 1 4  

1 .  24  

1 .  35  

1 . 44 

1 .  4 9  

1 . 56 

1 .  65  

1 .  72 

1 • 81 

1 . 87 

1 . 95 

2 .  01 

2 . 07 

2 . 1 4 

2 . 20  
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TABLE A4 . 5 Total amino acid analysis �or the maize and meat 

and bone me al samples used in Experiments I and II 

( per c ent air dry weight ) . 

Opaque-2 Normal Meat and Bone 
Amino Ac id Maize Maize Meal 

Hydroxy-lys ine 0 . 20 

Tryptophan
( 1 ) 

0 . 1 1  0 . 06 0 . 24 

Lys ine 0 . 30 0 . 23 2 . 42 

His t idine 0 . 1 8  0 . 1 9  0 . 75 

Ammonia 0 . 1 6  o .  1 5  0 . 56 

Arginine 0 . 39 0 , 30 2 . 85 

Hyrdoxy-proline 2 . 42 

A spartic  acid 0 . 96 0 . 48 3 . 06 

Thre onine 0 . 36 0 . 2 8 1 . 37 

Serine 0 . 45 0 . 38 1 . 63  

Glutamic acid 1 . 67 1 . 54 4 . 93 

Pro line 0 . 83 1 . 1 1  3 . 1 6  

Glyc ine 0 . 45 0 .  3 1  5 . 62 

Alanine 0 . 59 0 . 55 2 . 65 

Hal� cys tine 0 . 1 4  0 . 1 2  0 . 28 

Valine 0 . 45 0 . 32 1 . 80 

Methionine 0 . 1 2  0 . 1 2  0 . 4 1 

I s oleuc i:.. e 0 . 28 0 . 26 1 .  22 

Leucine 0 . 85 1 .  02 2 . 67 

Tyrosine 0 . 32 0 . 26 1 .  04 

Phenylalanine 0 . 43 0 . 34 1 . 49 

8 . 94 7 . 96 40 . 53 

( 1 ) Analyzed by the method o� Spies ( 1 968 ) . The procedures 

and results are summarised in Table A4 . 6 .  
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TABLE A4 . 6  Derivati on o f  st andard curves and results  of 

tryptophan analyses of the dietary ingredients 

used in Expe riments I and II . 

Derivation of Standard Curves ( 1 ) 

ug Tryptophan % Transmittance ( 600 mu) Log Transmi ttance 

Exp . I & II Exp . I Exp . II Exp . I Exp . II 

1 2  98 . 5  1 00 . 0  1 .  994 2 . 000 

30 90 . 0  90 . 0  1 .  955 1 .  954 

48  89 . 0  1 .  950 

60 84 . 0  75 . 0  1 .  925 1 .  875 

90 6 8 . 5  55 . 5  1 .  837 1 .  744 

1 20 46 . 5  39 . 0  1 .  668 1 . 591 

Results of Tryptophan Analyse s  
(2 ) ( 3 ) 

Replicate Opaque-2 Maize Normal Mai ze Meat and Bone 
Meal 

Exp . I Exp . II Exp . I Exp . II Exp . I Exp . II Exp . I Exp . II 

1 1 0 . 074 0 . 1 07 0 . 090 0 . 2 94 0 . 24 9  

2 2 0 . 1 76 0 . 1 1 1  0 . 050 0 . 092 0 . 254  0 . 246 

3 0 . 1 1 4 0 . 073 0 . 262  

4 0 . 1 1 3  0 . 083 0 . 262 

Means (Exp . I + II ) 

Dry mat ter basis 0 . 1 2  0 . 07 0 . 26 

Air dry basis  0 . 1 1  0 . 06 0 . 24 

( 1 ) Procedure G (Spies and Chambers , 1 948 ) .  

( 2 ) Pronase hydrolys i s  of c orn without prior water 

extrac tion ( Spies ,  1 96 8 } , and analysis  of pronase 

soluti on and pronase hydrolysate s  ( Spies and 

Chamb ers , 1 94 9 ) . 

( 3 ) Per c ent dry mat te r .  



TABLE A4 . 7  Gro s s  c omposition ( per c ent ) of the 

pre-experimental diet and the estimated 

1 60 .  

content of selec ted nutrient s (dry mat t er bas i s ) . 

Opaque-2 maize 

Normal maize 

Meat and bone meal 

Fish meal 

Min . and Vit . supp1 � 1 )  

Salt 

ADE (kcal/kg) 

Crude protein (% ) 

Lysine (%)  

Methionine plus cys t ine (%)  

Tryptophan (% ) 

39 - 78 

39 - 78 

1 0 . 00 

1 0 . 00 

0 . 22 

0 . 22 

3730 

1 9 . 7  

1 .  06 

0 . 68 

0 . 20 

ADE = Apparent Dige s tible Energy . 

( 1 ) For the c ompo s i t ion see Table A4 . 3  



Pig 
S ex( 4 ) . No . C ode 

1 

m 
B 

2 B 
3 G 
4 G 
5 l t  B 
6 lt B 
7 l t  G 
8 l t  G 
9 ml B 

1 0  ml B 
1 1  ml G 
1 2  ml G 
1 3  mt B 
1 4  mt B 
1 5 mt I} 
1 6  mt G 
1 7  pl B 
1 8  pl B 
1 9  pl G 
20 pl G 
2 1  pt B 
22 pt  B 
2 J  pt G 
24 pt G 
2 5  pm B 
2 6  pm B 
27 pm G 
2 8  pm G 
29  pmlt B 
30 pm.lt B 
31  pml t  G 
32 pmlt G 
33  1 B 
34 1 B 
35 1 G 
JG 1 G 
37 t B 
J8 t B 
39 t G 
40 t G 

TABLE A;2. 1  Live weights (kg) according to  week on t reatment and average 
daily gains (ADG) for each pig in Experiment I .  

Week on Treatment 
0 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  

2 3 . 8  2 5 . 4  27 . 7  30 . 8  33 . 1  3 5 . 8  38 . 3  42 . 2  4 5 . 4  49 . 9  
24 . 5  26 . 5  27 . 7  2 9 . 0  30 . 6  32 . 2  34 . 9  37 . 6  39 . 5  42 . 2  45 . 1  47 . 6  49 . 9  
2 3 . 8  2 5 . 4  27 . 4  30 . 2  33 . 3  35 . 2  38 . 1  4 1 . 3  44 . 7  49� 0 
2 4 . 3  2 6 . 5  27 . 9  30 . 8  3 3 . 1 35 . 8  38 . 6  42 . 0  4 5 . 4  49 . 2  
2 4 . 3  2 6 . 1  28 . 6  3 1 . 5  34 . 9  3 8 . 8 42 . 9  46 . 9  
2 4 . 9  2 6 . 3  29 . 0  32 . 0  35 . 2  39 . 2  43 . 1  47 . 6  
2 3 . 6  2 5 . 4  2 7 . 2  2 9 . 9  33 . 1  37 . 2  4o . 8  4 5 . 4  49 . 9  
2 4 . 0  2 5 . 9  2 8 . 1  3 1 . 5  34 . 9  38 . 6  42 . 9  4 7 . 2  
24 . 5  2 5 . 4  26 . 1  27 . 4  28 . 1  2 9 . 0  30 . 8  32 . 2  33 . 6  34 . 9  36 . 1  38 . 6  41 . 5  42 . 2  44 . 0+4 1  . 5  
24 . 7  2 6 . 8  2 8 . 6  3 1 . 1  32 . 7  34 . 9  37 . 6  40 . 1  38 . 8  

+ 2 4 . 7  2 5 . 4  27 . 2  2 9 . 3  3 1  · 3  32 . 7  34 . 2  36 . 1  38 . 8  40 . 4  43 . 1  44 . 9  45 . 8  48 . 3  4 8 . 3  
2 4 . 3  2 5 . 2  27 . 0  2 9 . 0  2 9 . 7  32 . 0  33 . 3  34 . 7  36 . 3  38 . 6  40 . 4  42 . 0  44 . 7  46 . 3  48 . 5  
2 3 : 1  24 . 9  27 . 7  30 . 2  32 . 9  36 . 1  3 9 . 0  42 . 9  46 . 7  
2 3 . 4  2 5 . 6  27 . 9  3o . 8  33 . 3  36 . 5  39 . 5  43 . 8  47 . 2  
2 4 . 5  2 6 . 3  28 . 1  30 . 8  34 . o  36 . 5  4o . 4  4 3 . 5  47 . 6  
2 4 . 3  2 6 . 3  2 8 . 8  3 1 . 5  34 . 2  38 . 3  40 . 8  44 . 5  48 . 1  
24 . 7  2 5 . 9  28 . 4  3 1 . 3  35 . 4  39 . 0  43 . 1  46 . 3  
2 4 . 5  2 5 . 9  2 8 , 1  3 1 . 1  34 . o  37 . 4  4o . 6  44 . 5  48 . 3  
24 . 7  2 5 . 6  27 . 9  31 . 1  33 . 8  35 . 8  38 . 8  4o . 6  44 . 2  48 . 1  
23 . 1  24 . 7  2 6 . 8  29 . 0  3 1 . 5  33 . 6  36 . 3  39 . 2  43 . 1  46 . 7  
24 . 0  2 5 . 4  2 8 . 1 3 1 . 5  34 . 9  38 . 6  43 . 1  46 . J  
23 . 6  2 5 . 9 27 . 7  30 . 6  34 . o  J7 . 4  4o . 8  46 . o  49 . 9  
24 . o  2 6 . 3  2 8 . 1 3 1 . 8  34 . 5  37 . 9  4 1 . 5  46 . o  49 . 4  
23 . 8  2 5 . 2  27 . 7  30 . 8  33 . 3  36 . 7  40 . 4  44 . 2  47 . 9  
24 . 0  2 5 . 9  28 . 1  30 . 8  J4 . 2  J7 . 6  42 . 4  4 3 . 3  47 . 2  
24 . 5  27 . 4  28 . 8  31 . 8  J5 . 4  J 9 . 2  42 . 9  47 . 2  
24 . 9  2 6 . 8  28 . 6  31 . 3  34 . 2  37 . 2  40 . 6  44 . 5  48 . 8  
23 . 4  24 . 9  27 . 2  29 . 9  33 . 3  37 . 0  40 . 8  44 . 5  4 9 . 0  
24 . 7  2 7 . 2  29 . 9  34 . o  37 . 6  4 1 . 7  44 . 9  48 . 8  
24 . 3  2 6 . 3  2 9 . 0 31 . 5  35 . 2  40 . 4  42 . 9  46 . 3  
24 . 9  2 6 . 8  2 9 . 5 33 . 6  37 . 2  40 . 8  4 5 . 6  47 . 6  
24 . 5  27 . 2  30 . 4  34 . 0  38 . 3  4 3 . � 4 5 . 8  
24 . o  2 5 . 2  27 . 0  29 . 5  33 . 3  36 . 1  39 . 5  43 . 5  46 . 7  + 23 . 8  24 . 7  2 5 . 9  27 . 7  30 . 4  32 . 4  33 . 6  36 . 1  38 . 3  39 . 9  4 1  . J  4 1 . 3  
23 . 4  2 5 . 9  28 . 1  28 . 8  30 . 4  J2 . 7  32 . 4  34 . 9  36 . 7  J 8 . 8 39 . 7  4 1 . J  40 . 1  4 1  · 7  4 J . 1 +4 J . 1  
24 . 0  24 . 7  2 6 . 3  28 . 1  2 9 . 7  3 1 . 8  J J . 1  J5 . 8  37 . 4  39 . 0  42 . 0  44 . 7  46 . 9  
2 3 . 4  2 5 . 4  2 7 . 2  28 . 6  3 1 . 5  35 . 4  37 . 6  40 . 4  44 . 2  47 . 9  
2 3 . 6  2 5 . 6  27 . 4  J0 . 4  33 . 3  J6 . J  J9 . 7  4 J . 8  46 . 9  
2J . 6  2 5 . 4  27 . 9  J0 . 2  32 . 9  J5 . 8  J8 . 8  42 . 4  46 . 5  
24 . 5  26 . 3  28 . 1  31 . 1  34 . o  37 . 2  J9 . 9  44 . 5  48 . 1  

Means 
ADG( 1 1DG( 2 ) +S ( 3 ) ADG ADG 1 2 - b 1 2 
4 1 4 409 1 6  
302 306 1 1  . 
400 395 1 5  
396 392 1 5  378 376 
463 471 23  
463  470 26  
470 475 27 
4 72 479 2 5  467 474 
1 99 203 9 
251  2 82 1 8  
2 59 268 5 
248 247 5 239 2 50 
421  421  1 5  
425 425 1 5  
4 1 3 4 1 5 1 8  
425 430 1 3  421  423 
440 464 25 
425 434 1 9  
371 372 1 3  
374 370 1 6  403 41 0 
4 54 474 22 
470 474 24 
454 461 1 9  
429 440 1 8  452 462 
4 1 3 429 1 7  
46J 461  24 
425 424 21 
458 465 22  41.0 • 445 
491 503 1 3 
449 467 21  
46J  494 20 
508 529 1 9  478 498 
405 422 22 
249 267 8 
201 1 98 9 
273 276 9 282 2 91 
389 J89 1 7  
41 7 424 1 7  
409 405 1 7  
421  425 20 409 4 1 1 

...... 
0\ ...... 



TABLE A5. 1  continued 

Week on Treatment 
Pig 

Sex ( 4 ) . No . Code · 0 1 2 J 4 5 6 7 8 9 1 0  1 1  1 2  

4 1  . m B 24 . 7  2 6 . 1  27 . 9  2 8 . 8  )0 . 8  JJ . 1  )6 . 1  )8 . 8  41 . J  44 . 9  48 . )  
42 . m B 24 . 0  2 6 . 5  2 8 . 4  2 9 . 0  )0 . 6  )2 . 4  )4 . 7  )6 . )  39 . 9  41 . 7  411 . 5  45 . 6  48 . 8  
4) m G 2 ) ; 1  2 5 . 4  2 8 .1 )0 . 2  32 . 2  J4 . 5  J7 . 2  J9 . 0  40 . 4  42 . 9  46 . 0  46 . )  49 . 7  
44 m G 24 . 7  2 6 . 5  2 8 . 1  29. 3 )1 . 1  J J . 6  )6 . 1  )8 . 8  4 1 . J  4) . 1  4 5 . 6  
45  mlt B 24 . 0  26 . 1  2 8 . 1  30 . 6  J4 . 2  J7 . 9  4 1 . 5  46 . 5  
46 mlt B 2 ) � 6  2 5 . 9 2 7 . 9  )0 . 4  JJ . l  )6 . )  40 . 6  44 . 5  49 . 0  
47 mlt G 2 ) . 8  26 . 8  )0 . 2  J J . l  J7 . 0  41 . J  45 . 6  
48 ml t - - - G 24 . 5  26 . 8  2 8 . 8  ) 1 . 8  )5 . 6  J9 . 7  43 . 3  47 . 4  
49  p B 24 . 5  26 . )  2 8 . 8  )2 . 9  )) . 6  J7 . 0  40 . 8  44 . 7  4 9 . 2  
50 p B 2 4 . 0  2 7 . 2  2 9 . 9  )) . 8  )4 . 9  )8 . 6  42 . 9  46 . 9  
5 1  p G 24 . 5  2 7 . 7  2 9 . 9  )2 . 9  J5 . 8  39 . 7  4) . 8  48 . )  
52 p G 24 . 0  26 . J  28 . 1  )0 . 4  JJ . l  J6 . 5  4 1 . 1  42 . 2  46 . 0  
53  plt B 2) . 1  2 5 . 4  27 . 4  29 . 9  JJ . l  J6 . J  40 . 1  45 . 4  4 9 . 0  
54 plt B 24 . 5  27 . 4  )0 . 8  JJ . J  J7 . 0  41 · 5  46 . 0  
55 plt G 24 . )  26 . 8  2 9 . 5  32 . 9  )6 . 1  )9 . 7  44 . 2  48 . 5  
56 plt G 24 . )  24 . 9  27 . 2  )0 . 6  )4 . 0  J8 . J  42 . 4  45 . 8  
57 pml B 24 . 7  2 7 . 9  2 9 . 9  )2 . 7  ) 5 . 6  39 . 5  42 . 9  46 . 7  
58 pm1 B 2 4 . 0  26 ; )  2 9 . 5  )2 . 0  )6 . 1  J8 . 6  42 . 6  47 . 2  
59  pm1 G 2 ) . 8  25 . 9  29 . 0  )2 . 0  J4 . 7  )8 . 1  42 . 6  46 . 7  
60 pml G 24 . 5  27 . 2  28 . 8  )0 . 6  )) . 8  37 . 2  41 . 5  44 . 0  46 . 9  
61  pmt B 24 . 9  27 . 4  )0 . 2  32 . 4  J5 . 8  �9 . 7  44 . 0  46 . 7  
62 pmt B 2 ) . 6  26 . 1  28 . 6  31 . 5  )4 . 5  J7 . 6  42 . 2  45 . 6  4 9 . 9  

. 63  pmt G 2 ) . 4  2 5 . 9  28 . 4  31 . 1  )4 . 2  J7 . 6  41 . 1  45 . 6  49 . 7  
64 pmt G 2 ) . 6  24 . 9  27 . 0  29 . 5  32 . 2  )5 . 6  J9 . 2  42 . 6  46 . 0  

( 1 ) ADG1 
Final wgt . - Initial wgt . 

number of' days . ( g/day ) . 

( 2 ) ADG2 · =  Daily gain calculated by l inear regression ( g/day } . 

Standard error . f'or ADG2 . ( 3 ) sb 
.· ( 4 ) B 

G 
BarrO\v 
G;i l t . 

Wi thdrawn f'rom treatment be fore reaching 50 kg, 

f inal we i ght used i n  the c a l cu l a t i ons appears 

b0f'ore the plus s i gn .  

Means 
ADG( l )ADG( 2 ) +S ( J ) ADG 1 2 - b 1 ADG2 

JJ7 336 1 8  
2 94 289 1 0  
3 1 6 309 6 
2 98 J04 1 0  J1 1 Jl O 
458 454 27 
454 449 24 
51 8 51 6 1 8  
467 476 2J 474 474 
441 434 2) 
467 452 20 
486 475 21 
393 401 1 7  447 441 
462 464 25 
5 1 3 505 2 J  
495 495 20 
440 467 JO 478 48J 
449 44) 1 6  
472 467 1 8  
467 466 20 
401 41 0 1 8  447 447 
444 454 1 8  
470 469 1 7  
470 468 1 8  
401 41 3 20 446 451 

--' 
0\ 
N 



TABLE A5. 2  Refusals of diets ( g) by pigs in Experiment I .  According t o  week ( approximate ) on t reatment . 

Pig No . Code · 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  

t �n 768 I 
2 366 8 59 1 269 1 65 1 4 1 0  2 1 6 4 1 1 1 98 4051 
4 594 42 
9 ml 952 790 1 1  37 1 481 1 620 1 2 50 1 2 32 725 2360 1 1 40 1 1 80 1 1  30 

1 0  ml 1 1 00 1 02 5  1 01 2  1 1 80 3580+ 
1 1  ml 282 838 1 939 2346 3300 2 380 3 1 80 3080 2 540 3860 
1 2  ml 757 521 1 695 2320 3402 3680 2 1 40 3960 2460 2 960 3200 
1 7  pl 8201 
1 8  pl 78  960 990 I 
1 9  pl 652 240 98 344 657 757 1 270 1 89 I 
20 pl 562 832 252 376 1 43 3221 
2 5  pm 3094 ( 1 ) I 
31  pmlt . 2009( 1 ) I 
32 pml t  7801 
34 1 844 . 1 531  1 309 2 1 09 2440 2297+ 
35  1 92 1 046 1 932 1 2 30 2 1 20 1 530 2220 1 950 2340 4620 3240 
36 1 608 1 037 645 . 1 089 1 788 2 1 30 1 970 2600 2 540 2620 1 2 1 0  6941 
4 1  m 1 1 5  3 1 4 I 
42 m 1 54 1 096 2022 1 930 1 350 1 260 201 0 2480 1 300 1 650 1 640 1 2761 
43 m 2 52 609 1 026 805 968 2 1 40 2 1 70 1 700 2440 2260 1 571 1 
44 m 374 388 1 254 545 7971 
46 mlt 322 I 
50 p 800 I 
51  p 1 67 I 
52 p 1 69 1 087 I 
54 plt 21 5 I 
56 plt 1 420 I 
57 pml 22  7681 
58 pml 324 I 
60 pml 1 95 849 1 897 23601 

6 1  pmt 1 1 85 ( l ) I 

( 1 ) These refusals associated with an outbreak of scouring. 
+ Pigs removed from experimental diets at weights less than 50 kg. I End of Experimental feeding . 

1 3 

774 

56801 
2360 

41 20 

1 4  

2 1 00+ 

33761 

3566 + 

..... 
0\ 
w 
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TABLE A,2.�  Feed allowance s  (kg) , :feed re:fusals (kg) and 

:feed c onversion rat ios  (FCR : kg :feed/kg gain} :for 

each pig in Experiment I .  

Ne t 

S ex ( 1 ) 
Total :feed Total :feed 

Pig No . Code O:f:fered Re:fusals Intake FCR Mean 

1 ( 1 ) B 83 . 8  0 . 8  83 . 1  3 . 24 

2 ( 1 ) B 1 1  5 .  1 5 . 3  1 09 . 8  4 . 27 

3 ( 1 ) G 83 . 8  83 . 8  3 . 37 

4 ( 1 ) G 84 . 5  0 . 6  83 . 8  3 . 40 3 . 57 

5 lt B 63 . 6  6 3 . 6  2 . 75 

6 lt B 64 . 3  6 4 . 3  2 . 79 

7 lt G 7 1  • 9 7 1 . 9  2 . 70 

8 lt G 6 3 . 1  6 3 . 1  2 . 69 2 . 73 

9 ml B 1 23 . 4  1 7 . 9  1 05 . 5  5 .  3 1  

1 0  ml B 70 . 9  7 . 9  63 . 0  3 . 99 

1 1  ml G 1 24 . 9  29 . 4  95 . 5  3 . 92 

1 2  ml G 1 3 1  . 6 32 . 2  99 . 4  4 .  1 1  4 . 33 

1 3  mt B 71  . 6 7 1  . 6  3 . 04 

1 4  mt B 72 . 4  72 . 4  3 . 04 

1 5  mt G 73 . 7  73 . 7  3 .  1 7 

1 6  mt G 74 . 8  74 . 8  3 . 1 1  3 . 09 

1 7  pl B 6 3 . 5  0 . 8  6 2 . 7  2 . 76 

1 8  pl B 7 3 . 0  2 . 0  7 1  . 0 2 . 92 

1 9 pl G 84 . 6  4 . 2  80 . 4  3 . 43 

20 pl G 7 9 . 9  2 . 5  ':/7 . 4  3 . 32 3 .  1 1  

2 1  pt B 6 2 . 7  62 . 7  2 . 70 

22 pt B 7 3 . 1  73 . 1  2 . 75 

23  pt G 7 5 . 4  75 . 4  2 . 92 

24 pt G 7 3 . 0  73 . 0  2 . 96 2 A 83 

2 5  pm B 74 . 2  3 . 1  7 1  . 1 2 . 96 

26  pm B 64 . 8  64 . 8  2 . 87 

27  pm G 74 . 3  74 . 3  3 . 1 3  

2 8  pm G 72 . 2  72 . 2  2 . 77 2 . 93 

2 9  pmlt B 66 . 9  66 . 9  2 .  7 1  

30  pmlt B 6 3 . 1  6 3 . 1  2 . 76 

3 1  pmlt G 66 . 6  2 . 0  64 . 6  2 . 67 

32 pmlt G 55 . 3  0 . 8  54 . 5  2 . 45 2 . 65 



1 65 .  

TABLE A5 . J  continued 
Net 

Sex ( 1 )  Total feed Total f'eed 
Pig No . C ode Offered Refusals Intake FCR Mean 

33 1 B 71  . 8 71 . 8  3 . 04 

34 1 B 87 . 7  1 0 . 5  77 . 2  4 . 1 3  

35 1 G 1 3 1 . 3 30 . 0  1 01 . 3  5 . 22 

36 1 G 1 08 . 9 1 8 . 9  90 . 0  3 . 88 4 . 07 

37 t B 82 . 1  82 . 1  3 . 35 

38 t B 72 . 8  72 . 8  3 . 07 

39 t G 71  . 1 7 1  . 1 3 . 1 4  

40 t G 73 . 8  73 . 8  3 . 1 0  3 . 1 6  

4 1  m B 93 . 0  0 . 4  92 . 6  3 . 94 

42 m B 1 1 3 .  3 1 8 . 2  95 . 1  3 . 92 

43 m G 1 1 6 . 8  1 5 . 9  1 00 . 8  3 . 89 

44 m G 90 . 8  J . 4 87 . 5  4 .  1 1  J . 96 

45 mlt B 62 . 1  62 . 1  2 . 79 

46 mlt B 73 . 1 0 . 3  72 . 8  2 . 89 

47 mlt G 54 . 0  54 . 0  2 . 49 

48 mlt G 63 . 8  63 . 8  2 . 74 2 . 73 

49  p B 74 . 0  74 . 0  J . 04 

50 p B 65 . 2  0 . 8  64 . 4  2 .  9 1  

5 1  p G 65 . 2  0 . 2  65 . 1  2 . 80 

52 p G 72 . 8  1 .  3 71  . 6  3 . 1 9 2 . 98 

53 plt B 72 . 7  72 . 7  2 . 80 

54 plt · B 54 . 0  0 . 2  53 . 8  2 . 54 

55 p_lt G 64 . 9  64 . 9  2 . 6 8  

56 plt G 6 1 . 3  1 . 4 59 . 8  2 . 62 2 . 66 

57  pml B 65 . 0  0 . 8  64 . 2  2 . 96 

58 pml B 64 . 1  0 . 3  6 J . 8  2 . 79 

59  pml G 6 J . J  6J . J  2 . 77 

60 pml G 74 . 6  5 . 3  69 . 3  3 . 02 2 . 88 

6 1  pmt B 65 . 4  1 . 2 64 . 2  2 . 89 

62  pmt B 74 . 2  74 . 2  2 . 82 

63 pmt G 7 3 . 2  73 . 2  2 . 79 

64 pmt G 71 . 4  71 . 4  3 . 09 2 . 90 

( 1 ) B = Barrow 

G = Gilt 



Code 1 
Pig No . 3 1 ,5  
Balance Period A B A B 

Mean L .  Wgt . (kg) 32 . 0  42 . 2  3 1 . 5  42 . 6  
GNI ( 1 ) ( g/4 days ) 9 1  1 04 94 1 31 
GEI ( 2 )

( mcal/4 days ) 1 7 . 5  20 . 0  1 8 . 0  2 5 . 1  
Digestible DM{ 3 ) (% ) 88 83 87 87 
ADN( 4 ) ( g/4 d�ys ) 78 83 79 1 08 
ADN (%) 86 79 84 83 
NR ( 5 ) ( g/4 days ) 39 3 1  J6 56 
NR ( g/ day) · 9 . 8  7 . 8  9 . 0  1 4 . 0  
NR( 6 ) (')(,) 50 38  46 52 
NR �e/kg/4 days ) 1 .  22 0 . 73 ' 1 . 1 4  1 .  31 
ADE 7 )  

{')(,) 88 84 87 87 
. ME( 8 ) (']/.) 86 81 85 85 

TABLE A5. 4  Summary o f  Results for Experiment II . 

t m 
1 1 0  8 1 6  

A B A B A B A B 

30 . 4  44 . 2  3 1 . 3  43 . 5  3 1 . 5  44 . 2  32 . 7  43 . 1  
94 1 29 94 1 2 9 82 1 24 94 1 1 6  
1 8 . 4  2 5 . 2  1 8 . 4  25 . 2  1 6 . J  24 . 5  1 8 . 6  22 . 9  
88 84 8J 86 87 84 86 84 
81 1 04 76 1 07 66 99 76 99 
85 81 80 83 81 80 81 85 
36 35 J4 44 4 1  3 8  39 56 

9 . 0  8 . 8  8 . 5  1 1 . 0 1 0 . 3  9 . 5  9 . 8  1 4 . 0  
4 5  3 4  4 4  4 1  62 38 51 57 

1 . 1 8  0 . 79 1 .  09 1 .  01 1 .  30 0 . 86 1 . 1 9 1 . 30 
89 84 83 86 87 85 87 91 
86 81 81 84 86 82 84 89 

ltm 
5 

A B 

32 . 0  42 . 9  
96 1 33 
1 8 . 2  25 . 2  
86 85 
82 1 1 2  
85 84 
5 1  64  
1 2 . 8  1 6 . 0  
62 57 

1 .  59 1 . 49 
87 85 
85 83 

1 2  
A 

3 1 . 8 . 

97 
1 8 . 4  
86 
83 
85 
4 5  
1 1  . J 
55 

1 . 42 
87 
85 

B 

42 . 6  
1 J4 

2 5 . 2  
87 

1 1 4 
85 
6 J  
1 5 . 8  
55 

1 . 48 
87 
85 

-' 

0\ 
0\ 



TABLE A5. 4  c ontinued 

Code · p plt pml pmt 
Pig No . 6 9 2 1 4  4 1 1  7 1 3  
Balance Period A B A B A B A B A B A B A B ' A  B 

Mean L .  Wgt . ( kg) 2 9 . 7  44 . 5  30 . 8  46 . 7  32 . 9  4 5 . 1  31 . 5  43 . 3  3 1 . 5  44 . 7  30 . 6  45 . 1 31 . 1 43 . 8  31 . 5  42 . 2  
GNI ( l ) ( g/4 days ) 1 02 1 39 1 01 1 43 1 05 1 48 1 05 1 44 1 06 1 49 1 06 1 49 82 1 36 1 01 1 39 
GEI ( 2 ) (mcal/4 days ) 1 8 . 4  2 5 . 1  1 8 . 4  2 5 . 9  1 8 . 4  2 5 . 8  1 8 . 4  2 5 . 1  1 8 . 4  25 . 7  1 8 . 3  25 . 8  1 4 . 9  24 . 6  1 8 . 4  25 . 2  
Digestible DM( 3 ) (% ) 85 86 80 84 83 84 81 83 86 8J 8J 8J  80 83  85  84 
ADN( 4 ) ( g/4 days ) 87 1 2 1 81 1 22 90 1 28 88 . 1 2 1  91 1 24 90 1 27 _ ( 9 ) 1 1 6  86 1 1 9 
ADN (%) 85 87 7 9  86 86 87 84 85 86 8J 85 85 - 85 84 86 
NR( 5 ) ( g/4 days ) 45 58 33 53 58 72 4 J  65 57 45 49 62 - 55 44 52 
NR (fday ) 1 1 . 3  1 4 . 5  8 . 3  1 3 . 3  1 4 . 5  1 8 . 0  1 0 . 8  1 6 . 3  1 4 . 3  1 1  . 3 1 2 . 3  1 5 - 5  - 1 3 . 8  1 1  . 0 1 J . 0  
NR( 6  (%) 52 48 41  4 J  6 4  56 49 53 63 36 55 4 9  - 48 51 43 
NR �g/kg/4 days ) 1 .  51  1 . 30 1 . 07 1 . 1 3  1 .  76 1 .  60 1 .  J6 1 .  50 1'. 81 1 .  01 1 .  60 1 .  J7 - 1 . 26 1 .  40 1 . 23 
ADE ?) (%) 86 87 79 84 82 83 82 84 87 84 84 8J - 84 85 85 
ME ( S )  (%) 84 85 77 81  80 82 79 82 85 82 81 80 - 81 83 83 

( 1 ) Gross nitrogen intake 
( 2 ) G�oss energy intake 
( 3 ) Apparent digestible dry mat ter 
( 4 ) Apparent digest ible nitrogen 
( 6 )  Nitrogen retent i on 
( 6 )  NR as a pe r  cent of ADN 
( 7 ) Apparent digestible energy 
( 8 ) Metabolizable energy 
( 9 )  Results  in error , values for analysis calculated by a method for mi ssing plots of a split-plot design (Cochran and Cox , 1 950 ) . 

Mean 
A B 

11 . 4 43 . 8  
97 1 34 
1 8 . 0  24 . 8  
84 . 5  84 . 5  
82 1 1  J 
84 84 
44 53 
1 1  . 0 1 J . J  
53  47  

1 .  38 1 . 21 
85 85 
83 83 

..... 
0\ 
-....] 
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TABLE A5 . 5  Ni trogen c ontent ( per cent air dry w�ight ) of 

diets  us ed in Experiment II ( mean of two analys es ) . 

Diet Code 

9 1 2 . 0233  

1 0  t 1 0 9902 

1 1  m 1 .  9606 

1 2  mlt 2 . 0549 

1 3  p 2 . 1 440 

1 4  plt 2 . 2 1 84 

1 5  pml 2 . 2403 

1 6  pmt 2 . 1 408 

TABLE A5 . 6  Gross  energy content ( kcal/kg air dry weight ) of  

some of the die t s  us ed in Experiment I ( mean of two 

analyses ) .  

Diet 

1 3880 

3 3884 

4 3873 

5 3885 

7 38:ZO 

Mean 3878 

TABLE A5 . 7 Total feed refusals (kg) rec orded in Experiments I 

and II for pigs fed diets 9 and 1 1  ( 1  and m 

respectively ) , acc ording t o  live weight ( kg) .  

Experiment I Experiment II  
Pig Total Pig Total 
No . Diet Live Weight Refusals No . Diet Live Weight Refusals 

33 9 2 4 . 0  - 46 . 7  3 9 24 . 5  - 43 . 5  5 . 8  

34 9 2 3 . 8  - 4 1 . 3  1 0 . 5  1 5. 9 2 3 . 6  - 44 . 2  0 . 1  

35  9 2 3 . 4  - 43 . 1  30 . 0  8 1 1  2 5 . 6  - 46 . 3  0 . 8  

36 9 2 4 . 0  - 46 . 9  1 8 . 9  1 6  1 1  2 3 . 4  - 4 1 . 3  4 . 3  

41 1 1  2 4 . 7  - 48 . 3  0 . 4  

42 1 1  2 4 . 0  - 48 . 8  1 8  0 2 

4 3  1 1  2 3 . 1  - 49 . 7  1 5 . 9  

44 1 1  2 4 . 7  - 45 . 6  3 . 4  



1 69 .  

TABLE A5 . 8  Experiment I :  Summary of analysis of vari anc e  

o f  average daily gains (ADG) and feed c onversion 

ratios (FeR ) . 

Source d .  f .  

Block 7 

Treatment ( 1 ) 1 4  

p 
M 

L 

T 

PM 

PL 

PT 

ML 

MT 

LT 

PML 

PMT 

MLT 

PLT 

Error 

* * *  p < 0.  01 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

42 

Mean Squares / F tests  

ADG ( g/day ) FCR (kg feed/kg gain) 

57 1  . 6 1  

22820 . 88*** 

98988 . 89*** 

6 1 8 . 77 

1 9 .  1 4 

1 25227 . 52+++ 

4882 . 52. 

1 1  98 . 89 

40551 ,L 89
+•• 

1 305 . 02 

1 691 . 27 

3 1 461  . 89*"""'" 

523 . 27 

6025 . 64*•  

456 . 89 

6 540 . 77
++ 

1 358 . 08 

0 . 01 8  
+ + +  

1 .  2 07 

5 . 5 1 0+++ 

0 . 033 

0 . 01 9  

6 . 452 **"' 

0 . 1 60 

0 . 047 

2 . 7 90··· 

0 . 024  

0 . 042 

1 . 1 72+++ 

0 . 008 

0 . 2 86 

0 . 02 3  

0 . 334 

0 . 1 23 

+ +  p (  0 . 05 • p < 0 . 1 0 ; where no level of 

s ignificance is shown : p > 0 . 1 0 .  

( 1 ) The third order int erac tion PMLT was confounded with 

blocks and so excluded from the treatment sums of 

square s .  



1 7 0 .  

TABLE A,2 . 2  Experiment II : Summary of' analys e s  of' varianc e . . 

Mean S quare s / F tes t s  
LW GEI ADDM ADE 

S ourc e d . f' . { kg) ( g/4 days ) (% ) (%)  
Main Pl ots : 

B l o ck 1 0 . 1 1 3  3 . 57 8  0 . 578 o . ooo 
Tre atment 7 0 . 74 1  2 . 2 3 5 *  7 . 1 91 8 . 76 8  
Error 7 0 . 81 0  1 . 2 6 9  4 . 1 77 8 . 071  

Sub-Plot s : 
Balanc e 1 1 22 3 . 888···�371 . 96 3 *�·· 0 . 300 0 . 500 
Bal . by Tr . 7 
Error 8 

Main ' Plots : 
B lock 1 
Treatment ( 1 ) 7 

P ( -MLT ) 1 
M ( �PLT ) 1 

L ( -PMT ) 1 
T ( -PML ) 1 

PM ( -LT ) . 1 

PL ( -MT )  1 

PT ( -ML ) 1 
Error 7 

Sub-plots : 
Balanc e 
Bal . by Tr . 
Error 

1 
7 
7 

2 . 57 1 �* 
0 . 492 

NI 
( g/4 days ) 

1 01 . 5 3 1  
306 . 746 "H* 

1 4 1 7 . 7 81 * * ** 
2 . 53 1  

236 . 5 3 1 ** 

38 . 2 8 1  
26 . 2 8 1  
81  . 2 8 1  

344 . 5 31 * '+  

36 . 5 3 1  

1 1 37 . 781 >1-++• 
44 . 4 96 
39 . 781 

*** p < 0 . 01 
level of' significanc e i s  shown 

0 . 989 
1 .  4 3 7  

ADN 
(%) 

o.  281  
7 . 2 1 0  

3 . 85 3  

0 . 78 1  
6 . 4 96 
5 . 1 7 9 

4 . 1 2 8 
3 . 904 

NR 
( g/4 days ) 

0 . 1 2 5 
2 3 6 . 554** 
52 8 . 1 25** 
1 5 3 . 1 2 5 
496 . 1 25** 
1 53 . 1 2 5 
325 . 1 2 5* 

0 . 1 25 
0 . 1 2 5 

6 1  . 6 96 

· 722 . ooo• �  

40 . 571 
73 . 857 

2 .  5 7 1  
4 . 500 

NR 
(%) 

1 8 . 000 
1 1 2 . 3 3 9 1f 

32 . 6 4 3  

300 . 1 2 5"" 
26 . 6 2 5  
56 . 3 57 

�· p < 0 . os 
p > 0 . 1 0 .  

lll P <  0 . 1 0 ;  

ME 
(%) 

1 . 1 2 5 

9 . 982 
7 . 554 

0 . 1 2 5 
3 . 554 
6 . 7 1 4  

NR 
( g/kg/ 

4 days ) 
0 . 002 
0 . 1 5 2  .... 
0 . 32 8** 
0 . 1 30 
0 . 349H· 
0 . 095 
0 . 1 62+ 

0 . 000 
0 . 002 
0 . 037 

0 . 22 8* 

0 . 02 6  
0 . 048 

where no 

( 1 ) The treatment sums of' square s was only part i t i oned where 
it was s ignificant at the 5% level . 

LW 
GEI 
ADDM 
ADE 
ME 

NI 
ADN 
NR 

= Live We i ght 
= Gros s  E energy Intake 
= Apparent Dige s t ible Dry Mat t e r  
= Apparent Diges t ib le Energy 
= Me tab o l i zab le Energy 
= Nitrogen Intake 
= Apparent Dige s t ible Ni�rogen 
= Nitrogen Ret ent i on 



TABLE A,2. 1 0  Live weights (kg) according to week on treatment and average daily gains (ADG g/day ) 
for each pig in Experiment II with corresponding data for pigs of Experiment I fed the same diets. 

Week on Treatment ADG ADG ADG : S ADG ADG ADG % Diff . 
Pig No . Code 0 1 2 3 4 5 6 7 8 9 1 0  1 1  ( 1 )  ( 2 )  ( 3 )  ( 4 )b ( 5 )  ( 6 )  ( 7 )  ( 8 )  ( 9 )  

3 1 24 . 5  26 . 3  2 8 . 1 30 . 6  33 - 3  3 5 . 8  38 . 6  40 . 8  4 3 . 5  389 389 347 0 . 008 
1 5  1 23 . 6  26 . 1  27 . 4  2 9 . 7  33 - 3  36, 5 40 . 8  44 . 2  5 1 8 486 424 0 . 026 386 345 2 91 +1 2 +33 

t 2 4 . 7  2 6 . 5  28 . 6  32 . 0  34 . 7  37 . 6  41 . 5  46 . 7  485 745 440 0 . 026 
1 0  t 24 . 7  27 . 2  2 9 . 9 32 . i 3 5 . 2  37 - 9  41 . 1  4 5 . 8  389 680 41 3 0 . 01 7  427 407 4 1 1 +5 +4 

8 m 2 5 . 6  27 . 2  31 . 5  31 . 5  33 . 8  36 . 3  38 . 6  42 . 2  46 . 3  - 583 348 0 . 022  
1 6  m 2 3 . 4  23 . 4  2 4 . 0  2 5 . 9  27 . 4  28 . 8  3 1 . 5  33 . 0+34 . 5  36 . 7  39 - 5  41 . 3  1 95 51 8 246 0 . 01 2  297 31 3 31 0 -5 -4 

5 mlt 24 . 7  26 . 8  30 . 4  33 - 3  36 . 3  40 . 6  44 . 9  421  6 1 6 480 0 . 02 1  
1 2  mlt 2 3 . 8  26 . 8  2 9 . 9  33 - 3  36 . 3  39 - 9  45 . 1  486 745 493 0 . 020 487 452 474 +8 +3 

6 p 24 . 0  2 5 . 9  28 . 6  30 . 8  34 . 2  38 . 1  4 1 - 7  46 . 9  324 745 462 0 . 02 8  
9 p 2 4 . 5  2 6 . 5  2 9 . 3  32 . 4  35 . 4  39 . 0  43 . 5  454 583 450 0 . 022  456 443 441 +3 ' +3 
2 plt 23 . 1  25 . 2  27 . 2  30 . 8  34 . 7  37 - 9  42 . 6  47 . 4  551  680 498 0 . 028 

1 4  plt 24 . 9  2 7 . 0  2 9 . 7  33 . 3  36 . 7  40 . 6  46 . 0  51 8 777 498 0 . 030 498 485 483 +3 +3 
4 ml 2 5 . 6  27 . 9  2 9 . 9  33 . 1  36 . 3  39 . 2  43 . 1  46 . 3  454 454 428 0 . 01 5  

1 1  pml 2 3 . 8  26 . 5  2 8 . 8  32 . 4  35 . 6  39 . 0  43 . 3  46 . 9  5 1 8 51 8 476 0 . 01 6  452 455 447 -1 +1 
7 pmt 27 . 0  29 . 5  32 . 4  34 . 2  37 . 6  4 1 . 7  4 5 . 8  421  583 440 0 . 02 5  

1 3  pmt 2 4 . 3  26 . 5  2 9 . 5 33 - 3  36 . 5  40 . 1  44 . 2  551 583 480 0 . 01 6  460 462 451  -0 . 4  +2 

+ Est ima-ted 
( 1 ) ADG on balance A ( preliminary and balance period ) . ( 6 )  Mean ADG for barrows on Group II diets in Exp . I .  

( 2 )  ADG on balance B ( preliminary and balance period ) . ( 7 )  As for ( 6 )  with gi lts inc luded . 
( 3 )  ADG over the who le growth period b y  linear regression . ( 8 )  Difference of ( 5 )  from ( 6 )  as a %  of ( 6 ) .  
( 4 )  Standard error of the regression coefficient . ( 9 )  Difference of ( 5 )  from ( 7 )  as a %  of ( 7 ) .  
( 5 )  Mean ADG for ADG ( 3 ) . 

....... 
-....1 
....... 



TABLE A5 . 1 1  Average da� ly gains (ADG g/day ) from Experiment I 
and ni trogen re tent i �ns (NR g/day ) from Experiment II 
for thos e  animals fed group II ( diet s 9-1 6 )  of the 

1 72 .  

experimental die t s , wi th regres s ion equat ions inc luding 

these result s .  

Raw Data 
Diet Sub-Peri od/Balanc e ( 1 ) x ( 2 )  y ( 3 )  

N o . ( 4 )  

1 
2 
3 
4 

N o . ( 4 )  

n 

8 
8 
6 
6 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5 

1 6  

I.Y 

2793 
402 1 
2 2 5 3  
3 3 7 3  

A 
B 

A 
B 

A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 

Re�ress ion Analys i s  
I XY I x2 

l:Y2 I: X 

3 1 060 1 6  993 305 88 
5563 1 40 2 1 1 3085 1 08 
2 5660 1 3 . 3  847 503 68 
481 5 8  28 . 8  1 902251  85 

Regres s ion Equat ions 

3 Y = 2 6 8 . 40 + 9 . 45X (sb = + 2 . 4 1  ) 

4 Y = 3 78 . 5 1 + 1 2 . 97X ( sb = + 3 . 2 5  ) 
... . p (  0 . 05 .. p (  0 . 1 0  

1 0  269 
1 1  303 

9 346 

1 0  523 
1 0  271  
1 2  345 
1 2  388 
1 6  596 
1 0  369 
1 4  556 
1 3  396 
1 7  61 2 
1 3  379 
1 4  551  
1 1  ( 5 )  375 
1 4  535 

sb 
( 6 )  

1 0 . 75 3  
1 3 . 940 

2 . 4 1 4 
3 . 24 7  

b 

2 1  . 063* 

3 3 . 688* 

9 . 4 5*-+i 

1 2 . 965"'"' 

( 1 ) Sub-periods for Experiment I :  A=23 - 3 7  kg ; B=37 -50 kg . 
Mean Live weights for balanbe s  in Experiment II : A =  31 . 4  kg ; 
B = 4 3 . 8 kg . 

! 24
'l l Mean NR for Experl.ment II . 
J Mean ADG for Expe riment I .  

1 = Sub-period A/Balance A wi th all diet s ; 2 = Sub-period 
B/Balance B with all · diet s ;  J = as for 1 but exc luding die t s  
9 and 1 1 ; 4 = as for 2 but exc luding diets 9 and 1 1 . 

(
6
5 ) · Inc lude s a value calculat ed for a mi s s ing plot . 

( ) S t andard error of the regre s s ion co effic ient ( b ) . 
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