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ABSTRACT 

A st udy o f  s everal aspec ts  o f  dietary prot ein qual ity  for the 

growing pig is described . The s tudy was conducted in·three parts . 

i i  

Res ervat ions regarding t h e  int erpretat ion o f  three recent empirical 

es t imates o f  the ideal amino acid balance for  the growing pig prompt ed 

the f irst  part  of  the s t udy . A diet ( basal d i et ) was formulated in 

which enzyma t i cally hydrolysed case in s upplemented with synthet ic 

amino acids formed the sole prote in source . The balance of  essential  

amino acids in  the diet  approximated the mean o f  the  three publ i shed 

es t imat es. 

Eight en t ire male pigs ( boars ) o f  28 Kg init ial l iveweight , con

f ined in me tabolism crat es , were f ed the basal diet  for 20 days and 

thereafter  a protein-f ree  diet for a f urther e ight days . Mean daily 

exc ret ion of  urinary urea nit rogen over s ix-day collect ion periods was 

9 3  mg/Kg0 " 7 5  for p igs f ed the b asal diet  and the corresponding value 

for the prot ein- f ree diet was 19 mg/Kg 0 " 7 5
• Assuming that the d i f f er

ence between these values was attributable  to deaminat ion of amino acids 

f rom the b asal  die t , this  corresponds to  an e f f ici ency of util isat ion 

of dietary prot ein o f  0 . 940 .  It  was concluded that the  amino acid 

pat tern of  the bas al diet approximated an ideal b alance . 

Part two of the study entail ed the det ermination and evaluat ion o f  

es t imates of  t h e  apparent ileal diges t ib il ity  o f  crude pro tein and 

amino acids for the growing p ig and included a ccmparison of prot ein 

diges t ibi lity in the rat and p i g .  

Samples o f  ileal digesta were collected f rom boars prepared with 

T-piece cannulae in the terminal ileum. Values for the d iges t ib i l ity  

of  crude_prot ein  and amino acids in barley-meal , pea-meal , meat-and

bone-meal , f i s h-meal and a mixture of enzyrnat i cally hydrolysed cas ein 

and synthet i c  amino acids a re cited . 

In an evaluation o f  the det ermined d igest ib i l ity  values t en b oars 

received a b arley- , pea- , meat-and-bone- , f ish-meal d i et and ten a 

con t rol  diet containing enzyma t ically hydrolysed case in and syn thetic  

amino acids  a s  i ts sole  protein source .  The gro s s  amino acid  compos it ion 



o f  the latter diet equalled the det ermined apparent ileal digest ible 

amino acid compos i t ion of  the barley-based diet . Accept ing that the 

cont rol protein source was compl et ely d igest ible and that the two 

feeding regimes we re iso- calori c ,  the s imilar growth characterist ics 

of  pigs on the two diets  suggested that apparent ileal amino acid 

diges tibility coef f i ci ents  are accurat e measures o f  the degree o f  

amino acid diges tion and absorpt ion in the growing pig . 

P reliminary results  showed close agreement b etween the rat and 

pig for the apparen t i leal d iges t ibility  of crude protein in barley- , 

meat-and-bone- and f ish-meal . 

In the third part o f  the study a det erministic  comput er model 

which s imulates the d iges t ion and met abolism of d ietary nitrogen in 

the growing pig was constructed.  The model was based on the concept 

of a part it ioning of daily dietary nit rogen intake in pig growth .  

Ini t ial val idation exercises  demonstrated that results  obtained f rom 

s imulation were in close agreement with obse rvat ions f rom experimen

tat ion with the l ive animal .  
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INTRODUCT ION 

The conc ept  of  diet ary protein qua l i t y  def ies succinct d e f i n i t ion 

b ecause the term ' pro tein qual i ty '  has s everal connotat ions , each 

associated  with a part icular method of pro tein evaluat ion . In  a 

general sens e ,  howeve r ,  d i etary p rot ein q ua l ity  i s  synonymous with 

the degree of u t i l isat ion of d ietary protein during animal growt h .  

I t  is in this con t ext , therefore , tha t ins ight may b e  gained 

in to the nature of  p ro t e in quality  by cons idering the factors a f f ec

t ing the u t i l i sat ion of protein by the growing animal . The inf luence 

of  three f actors is  of primary importance : 

( i )  The requirement o f  the growing animal f or dietary 

amino acids ; 

( ii )  The amounts  o f  amino a c i ds d iges ted and absorbed ; 

( ii i )  The in teract ive metabol i sm o f  prote in and energy . 

The cent ral theme o f  this t hesis is  d ietary protein qua l i t y  for  

the  growing pig , and as  such embodies cons iderat ion of  the above 

three factors . 

The f i rs t  aim o f  the s t udy repor ted herein , was to  est ab l i sh 

en es t imate of  the  pat tern of  amino ac ids required by the  growing 

pig to maximise the e f f i ciency of protein synthes is  per uni t  o f  

absorbed p rot ein . Thi s  pat tern o f  amino acids  i s  referred to  as 

an ideal ba lance of amino acids , and the requirement of t he growing 

�ig for amino aci ds is cons idered a req ui rement for an amount o f  

i deally  balanced protein . The second aim was t o  determine the i leal 

d i ges t ib i l i t ies of amino acids in several  natural foods tuffs  and 

appraise the accuracy of t hese est imates for  measuring t he diges t ion 

and absorp t ion of amino acids in mixed d iets . Thirdly , i t  was a imed 

to con s t ruc t and val idate a s imulation model , encompass ing the inter

action in p i g  growth , between absorbed p ro tein and energy . 

1 



The e s t imate of an ideal amino acid b alance for growth along with 

est imates of apparent ileal amino acid digest ibility were necessary 

for formulat ion of the s imula tion model , the  overall obj ect ive of 

which was to enable  the predict ion of pro t e in quality  in mixed diets  

fed to the  growing pig . 

2 



PART I 

ESTABLISHMENT OF THE IDEAL AMINO ACID BALANCE 

FOR GROWTH IN THE PIG 



I . 1 .  1 Introduction 

CHAPTER 1 

REVIEW OF LITERATURE 

Several recen t s t udies , aimed at de termining the amino acid 

requi remen t s  of the growing pig , have emphas ised the concept of 

amino acid balance . 

I t  is proposed that t here is  a balance or  pat t ern of amino acids  

which can be rega rded as  ideal fo r growth in the pig .  The concept of 

4 

a requirement of the growing pig  for amounts  of indivi dual amino acids  

is  superceded by that of a requi rement for  an amount of i d eally-balanced 

protein . The establi shment of an ideal amino aci d balance is an impor

t an t  as pect of a s t udy of dietary prot ein q ual i t y ,  for t h e  ideal pat t ern 

of amino acids plays a maj or role  in dictat ing the amoun t of  absorbed 

d i e tary pro t ein availab le fo r pro tein s ynthes i s .  

The present  revi ew cons iders t h e  prob lems assoc iated with the  

convent ional approach to det ermining amino acid  requirement s ,  d iscus

ses the concep t of ideal amino acid balance and pres ents  empirically 

derived est ima t es of the ideal amino acid balance for t h e  growing p i g .  

Finally , d e t a i l e d  cons iderat ion i s  g iven to  t h e  various experiment al 

factors whi ch may confound the determinat ion of ideal amino ac id  

balance . 

I .  l .  2 The De t ermina t i on o f  Amino Aci d  Requiremen ts  

The ' requi rement '  o f  an animal for  a nut rient may b e  thought of  

as  a point on a dose- response curve relat ing the  level o f  intake of  

the  nut rient  and some measure of productivity  o f  the animal . In the 

case of  protein the ' requiremen t '  is best  con s idered as the require

ment for individual amino acids rather than for  the pro t e in as a whol e .  

Alt hough accurate est imates o f  the  amino a c i d  requirements  f o r  

growth i n  t h e  pig  are necessary for  e f fi ci en t  dietary f o rmulation , con

s i derab le variation in the pub l ished recommendations is eviden t .  The 

comprehens ive reviews o f  Rerat and Lougnon ( 1 9 6 8) and Rerat ( 1 9 72 )  



demonst rate the degree of  this variation . Also , Poppe ( 1 9 76 )  has 

reviewed est ima t es of amino acid requirement s  for growing p igs det er

mined in the European Socialis t countries between 1 963  and 19 7 3 .  The 

es t ima tes were ext remely variable . Values for methionine plus cyst ine , 

for example , ranged f rom 0 . 23 to 0 .  74%  a i r-dry weight of  diet . The 

Agri cul t ural Res earch Council ( 19 81) , in a technical review ,  emphasi sed 

the inadeq uacies of  current informa t ion concerning amino acid require

ments of the growing pig .  Several est imat es of requirements for amino 

acids were pres ented and some values are g iven in Tab l e  1 . 1 . 1 . 

Tab le  I .  1 .  1 Requi remen ts of the growing pig for some amino acids 

(Agricult ural Research Council, 1 9 8 1 ) . 

Amino acid 

Methionine + cys t ine 

Tryptophan 

Threonine 

Isoleucine 

Range of  requi rement 

(% air-dry weight of diet ) 

0 . 32 - 0 . 6 7 

0 . 1 2 - 0 . 22 

0 . 4 7 - 0 . 60 

0 . 2 7 - 0 . 6 7  

Di fferences i n  experimental factors such as age , sex , b reed and 

genetic  s t rain o f  pig , feeding level , d ie t a ry composit ion and methods 

used are undoub t edly respons ible for a great deal of  t he variat ion 

sho�� in Tab le I .  1 . 1 .  

The methods adopted and the relat ive importance of experimental 

fac tors in the determinat ion of amino acid  requi rement s  have been dis

cussed in detail b y  Rerat and Lougnon ( 19 68)  and Fuller  ( 19 78 ) . Mos t  

est imates o f  amino acid requirements have b een made f rom emp i r i cally 

derived dose-respons e relat ionships . The successful estimat ion o f  

amino acid requirements us ing this approach is rel iant upon t h e  for

mulat ion of  a basal diet  deficient in  the  amino acid b eing studied  

but adequate i n  all  o ther nutrients . Graded addit ions o f  the l imit ing 

amino acid  are made to the basal d iet and responses are measured . 

Three maj o r  p roblems a re apparen t . Firs t ly , to  ensure a dequa t e  l evels 

5 



of all  nut rients except ing the amino acid being  examined , impl ies that 

the requirements for all other nu trien t s  are previously known . Unfor

tunately , thi s is not the case . To c ircumvent the prob lem ,  nu trients 

other than the on e being examined may be suppl ied in generous exc ess 
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of the best e s t ima t es of requirements . Th is pract ice , however , may 

lead to imbalance e f f ect s .  The f eed ing o f  imbalanced mixtures of  amino 

acids is l ikely to affect the growth rat e of animals ( Harper , Benevenga 

and Wohlhueter , 1 9 70 ) . Imbalance may aff ect  the u t i l isation o f  the 

l imit ing amino acid  and und er cond i t ions of ad libi tum f eed ing a pr im

ary effect  on growth due to decreased food int ake may be  observed . 

Second ly , there is no generally accepted s ingle measurement of res

ponse and consequent ly the determined amino acid requirement will vary 

as to the type of respon se measured . Th irdly , s ome workers equate 

amino acid requirement with the inpu t level correspond ing to  the  

point of maximum response whereas o thers choose the  minimum inpu t of  

the  amino acid which produces a response not  s t a t i s t ical ly s ignific

ant ly less than the maximum , as the required level . The lat t er approach 

is l ikely to l ead to cons iderably l ower e s t imat es of amino acid r equ

irement s  in cases whereby a large dev iat ion of amino a c id inpu t f rom 

the  inpu t correspond ing  to  maximum respon s e ,  produces only a small 

alterat ion in response . 

In view of  these problems , i t  seems des irable to  d evelop a method 

for es t imat ing the amino acid requiremen t s  of  the growing pig , wh ich 

m inimises the  d i f f icult ies inherent in the dose-response approach . 

Recently much at t en t ion has been given t o  the  import ance  of  con s ider

ing the balance  be tween d ie tary amino acids  in determining amino acid 

requiremen t s , with the aim of  obtain ing more re l iabl e  est imat ions . 

The concept o f  amino acid balanc e has been h ighlighted in s tud ies 

concerning t he amino acid requirement s  of  the chicken ( Lewis  and 

Anni son , 1 9 74 , and Fuller , Woodham and Henderson , 1 9 79 ) . A s imilar 

emphasis  is  emerging with res pec t to the amino acid requirement s  of 

the growing p ig ( Lewis and Cole , 1 9 7 6 ; Fuller , 1 9 78 ; Col e , 1 9 79;  

Taylor , Cole and Lewis , 1 9 79, and Low , 1 9 8 1 ) . I t  is  also  worthy of 

note that in a recen t  t echnical rev i ew of  the  nu trient  requirement s  

o f  p igs (Agricul tural Research Counci l , 1 9 8 1 ) , considerable emphas i s  

h a s  been placed on  the  concept o f  a n  ideal amino a c id balance . 



I . 1 . 3  Ideal Amino Acid Balance 

Col e (19 79 ,  19 80) has def ined an ideal prot ein as one which is 

'perfect ly' balanced in terms of  its essent ial amino acid content and 

its  supply of non-es sen tial n i t rogen. 'Perf ect' balance imp l ies the 

patt ern of  amino acids required by the an imal to maximise the e f f ic

iency of  prot ein syn thes is per un it of  absorbed prot e in . The protein 

requ iremen ts  of  the growing pig for various l evels of  product ion are 

then viewed as requirements for amounts  of ideal prot e in . 
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��ereas amino acid balance i s  a long-estab l i shed idea in nut

rit ional s tudies , i t  is  only recen tly that the concept has been 

re-emphas ised ( Fu l l e r ,  1 980) . Recognit ion of the importance of the 

proport ions of amino acids in diets  was discussed by Osborne and Mendel 

( 1 9 1 4 ) . By the 19 50's several workers ( Mi t chel l ,  1950 ; Price , 

Taylor and Rus se l l , 19 53; Fisher and Sco t t , 19 54 , and Wil l iams , Curt in , 

Abraham , Loos l i  and Maynard , 19 54 ) had sugges ted that the amino acid 

composition of an an imal ' s  t issue pro t e in cou ld g ive  an ind icat ion of 

the correct dietary amino acid pat tern . In 1955 , the Food and Agri 

cul ture Organisat ion o f  the United Nat ions reported a n  est imate  o f  

a desirable pat tern o f  essent ial amino acids for u s e  i n  human nutrit ion. 

More recently  the idea of  opt imal amino ac id balance has been adopted 

for poul t ry diet  formulat ion ( Agricul tural Research Counc i l , 19 7 5 )  and 

has been sugges t ed for use  in the p ig ( Col e , 19 79 , and Agr icul tural 

Research Coun c i l , 1 9 8 1 ) . 

De terminat ion of  the composit ion o f  the ideal protein requires 

that a reference anino acid be  chosen . The opt imum level s  o f  a l l  

other amino acids a r e  then iden t i f i ed relat ive t o  t h i s  ref erence  amino 

ac id .  The Food and Agricu l ture Organ isat ion of the  Un ited Nat ions 

( 1 955 ) , in deriv ing  a provisionally desirable  pat tern of  d i etary amino 

acids for man , chose  tryptophan as the ref erence amino acid . The 

l evel of t ryptophan in a foodstu f f , however , cannot be determined accur

at ely (Williams , 1 982 ) . With regard to the pig it is preferab l e  to 

choose lysine as the reference amino acid . Lys in e  is usually the 

f irst l imit ing amino acid  in pract ical pig diets  and consequently much 

informat ion is avai lable concern ing the requ irement of the growing 

pig for lysine .  



Having estab l i shed the ideal amino acid  bal ance , the  absolute  

level of the  reference amino acid required may be adj us t ed in  relat ion 

to dietary energy con t ent , food intake and the po t en t ial  performance 

standard of the animal . In his  discuss ion on the usefulness of  the 

concept of ideal amino acid balance , Boorman ( 1 980)  s t a t ed that by 

choosing the appropr iat e  var iab l es for dose and response  i t  may be 

possible to establ ish a s ingle  relat ionship be tween the inpu t o f  the 

ref erence amino acid and produ ctive ou t pu t. 

I . 1 . 4 Approaches to the Est imat ion of t he I deal Amino Ac id Balance 

Two approaches are ev ident in the d e t erminat ion of the compos

it ion of ideal prot ein for the growing pig .  In  the f irst  ins t ance , 

the pat tern of amino a c ids in l ean t is sue  or in whole body prot ein 

may be used as an e s t imat e  of the ideal pat t ern . 
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Th is approach is  acceptab l e  f rom a t heore t ical perspe c t ive and 

it appears that in the absence of more detailed informat ion , the pat

t ern of  amino acids in the produc t  may be  used as  a basis  for the 

ideal pat tern .  

Hore precise inf ormat ion , however ,  may b e  ob tained b y  the second 

approach which relies u pon empirical me thods . The lat t er ,  based upon 

the determinat ion o f  maximum u t i l i sat ion of  dietary pro t e in for growt h ,  

a t t empt to prov ide est imat es o f  the balance  o f  amino acids  d eemed to 

be ideal for the comb ined processes o f  pro t e in main t enance , new protein 

synthesis  and supply of  precursors for  o t her subs t ances . 

The poss ibil i t y  that age of  the growing pig may a f f ec t  the com

pos i t ion of the ideal pro t e in has  been indicated by the Agricul tural 

Research Council  ( 1 98 1 ) . The pro te in requiremen t for main t enance , 

however , i s  only a sma l l  f ra c tion of t he t o t a l  pro t e in requiremen t of  

t he growing pig (Fu ller , 1 9 7 8 )  and  a s  the  amino acid composit ion of  

pig  muscle does  not vary with  increas ing l iveweight (Will iams et al. , 
1 9 5 4 ) , the effect of  age is l ikely to be minimal . Duee , Calmes and 

Desmoulin ( 19 80 )  compared the amino a c id composit ion of muscle crude 

prot ein in three breeds o f  pig ( French Landrace , Belgian Landrace and 

Pietra in )  at three slaughter weights ( 40 ,  60 or 80 Kg l ivewei gh t ) . 

The variat ion in composit ion due to slaughter weight was low and no 
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ef fect of genot ype was ob served . 

The Agricultu ral Research Coun c il ( 1 98 1 ) has stated the des irab

ility  of expres s ing the ideal balance in units of ab sorb ed amino acids . 

Composit ion of the ideal prot ein is usual ly presen ted in the form of 

total d ietary amino acid levels relat ive to lys ine, even though the 

balance of amino acids in the d iet may not be  the balance of  amino 

acids  absorbed by the an imal af ter d igestion has occurred . 

Lately , several estimates of the amino acid compo s i t ion of ideal 

protein have been derived , and these are conside red in the next 

section .  

1 . 1 . 5 Es tima tes o f  the Ideal Amino Acid  Balance 

Lewis and Col e  ( 1 9 76 )  have reported results  from several exper

iment s in which d i e ts composed of barley , soyabean-meal and f ish-meal 

were supplemen ted with various comb inat ions of synthetic  amino acids 

and fed to the growing p ig .  S everal performance ind ices  were recorded 

and an ideal balance between f ive amino ac ids has been proposed 

(Table 1 . 1 . 2 ) . 

A further est imate of the ideal amino acid balance  for the growing 

p ig has been d e termined by Fulle r ,  Livingstone , Baird and Atk inson 

( 1 9 7� t 1 u s ing a barley-based diet  supplemented with syn the tic  amino 

acids  s ingly and in comb inat ions . Minimum urinary nitrogen excret ion 

was used as the crit erion of adequacy of the amino acid  balance  and it 

was con c luded that the protein , in the d iet  which minimised  u r inary 

nit rogen excret ion , was a first  approximat ion to an ideally balanced 

prot ein .  This d ie tary protein had an est imated b iol ogical value of 

0 . 9 3 .  The amino acid  compos i t ion o f  ideal prot e in estimated b y  Fu ller 

et al. ( 1 9 79a)  i s  presented in Tab le 1 . 1 . 2 .  

Later , Fuller , Mennie and Crof ts  ( 19 79)1 2 invest igat ed the effec t s  

on p ig growth o f  supplement ing  barley with L lysine and L threonine . 

The d ietary lysine concentrat ions required for maximum daily gain , 

minimum food conversion rat io and minimum urinary nitrogen excretion , 

were simila r .  However , the d ie ta ry concentrat ion of  threon ine requirec 

for maximum daily liveweight gain and minimum f ood conver s ion rat io wa: 

t 1 Hereafter Fuller et al. (1979a). t2 Hereafter Fuller et al. (197' 
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proportionally higher ( 0 . 1 6 )  than that needed to minimise urinary n i t ro

gen excret ion. Th is discrepancy does not appear to be  s er ious . In  the 

growt h t rial , the accep ted th reonine level corres ponded to maximum 

growth rate whereas when urinary nitrogen was minimised the opt imal 

threonine concent rat ion was taken to be that b eyond wh ich further addit

ions of threonine prod uced no s igni f i cant respons e .  Also , measures o f  

carcass leannes s cont inued to  respond to addit ions of  synthetic amino 

ac ids above those levels supporting maximum growth rat e .  This obser

vat ion implies that a s l igh tly d i f ferent b alance between dietary amino 

aci ds may be required to maximise carcass leanness as opposed to maxim

is ing growth . Th is e f fect may be impo rtant  in det ermining a balance 

between amino acids whi ch would  be opt imal for maximis ing pro f it . Fuller 

et a:. ( 1 979 a) and Ful ler  et al. ( l979 b )  fed pigs diets  wi th a crude 

pro tein concent rat ion of  approximat ely 1 00 g/Kg .  The ideal  amino acid 

pat tern dete rmined at this  protein level may not be valid  at  higher 

dietary protein concen t rat ions , whereby a greater  l evel of l ean depos

i t ion may be supported .  The amino acid  requirements for  maintenance 

are no t the s ame as those for  growth .  Also , when the pro t e in concent

rat ion of a diet is  raised , the e f f iciency of dietary pro t e in u t il is

at ion may decrease and the decreas ed e f f i ciency may no t a f f ect a l l  

amino acids equally.  In  reply to these cons iderat ions , Fuller  ( 19 78) 

noted tha t the rat es of nit rogen retent ion and g rowth reco rded in these 

experimen ts compared f avourably with rates commonly found for pigs  fed 

conven t ional diets . 

Low , P i ttman and Ful ford ( 19 80 ) , us ing a s imilar method to that 

o f  Fuller  et al. ( 1 9 79a) , fed a barl ey , whea t ings , soyabean-meal diet 

t o  growing pigs and measured urinary n i t rogen excret ion . Four syn

thetic  amino acids were added to the diet e ither s ingly or in comb in

at ion .  Based o n  the f indings o f  this and s imilar s tudies , Low ( 19 8 1 )  

p rovided an es t imat e  o f  t he composition of  ideal prot ein ( Tab le  I . 1 . 2 ) .  

An e s t imate  o f  the amino acid compos i t ion o f  p ig whole body prot

ein (Aumaitre and Duee ,  1 9 74 ) , an es t imate of the amino acid compos

i t ion o f  p ig mus cle  prote in ( Duee et al. , 1 9 80 )  and the  recently 

proposed ideal amino acid balances given by Col e  ( 19 80 )  and the 

Agricultural Research Council ( 19 8 1 )  are also presen ted  i n  Tab l e  

1 . 1 . 2. 



Amino acid 

Lysine 

Methionine 
+ cystine 

Tryptophan 

Histidine 

Phenylalanine 
+ tyrosine 

Threo nine 

Leucine 

Isoleucine 

Valine 

Non-essential 
amino acids 

Tab l e  I. 1 . 2  Am ino ac id compos i t ion of id eal nro t e in for the growing p ig (lysine = 100 ) .  

Empir ica l e s t ima t es_  P_ i_g mu scl e  

Lew i s  & Fuller et Duee et 
Cole ( 1 9 7 6) aL. ( 1 9 7 9a) Low ( 1 9 8 1 )  al.  ( 1 9 80)  

lOO lOO lOO 1 00 

48 5 3  ss 48 

1 6  1 2  1 2  -

- 3 2  3 1  4 7  

- 9 6  1 0 5  9 1  

5 9  5 6  5 3  56 

- 84 90 9 8  

44 44 5 3  6 3  

- 6 3  61 6 5  

- - - 6 2 3  

t d e t ermined on a fou r-we ek-old p ig . 

Whole body
t 

Auma i t re & 
Duee ( 1974 ) 

100 

4 3  

-

38 

9 6  

55 

1 01 

52 

70 

870 

Propo s ed ba lances 

Agr icul t u r al R e sea rch 
Cole (1980)  Counc il  ( 1981) 

100 100 

50 so 

18 14 

34 33 

100 96 

60 60 

100 lOO 

so 54  

70 70 

- 857 

--



Examinat ion of  the content s  of Tab l e  1 . 1 . 2  reveal s  t hat l i t t l e  

ac count has been taken of  the non-essen t ial amino ac ids . Low ( 1 9 8 1 )  

a s sumed a 1 . 0 : 1 . 1  r a t i o  o f  essent ial t o  non-essen t ial amino ac ids 

in i deal prot e in , this  be ing based u pon the c ompos i t ion o f  pig lean 

t i ssue . Mi t chell , Becker, Harmon , No r t on and Jensen ( 1 968 )  found 

1 2  

that maximum n i t rogen re t ent ion in the pig was achieved when the d i e t  

c on t ain ed eq ual amoun t s  o f  essent ial an d non-essential amino acids . 

Henry and Rcrat ( 1 9 70 )  noted that the non-essent ial amino a c i d s  shou ld 

b e  0 .  60 of the total n i t rogen supply to achieve maximum gr�wth a"d the 

s pa r ing o f  essen t ial  amino ac ids .  

Th e three emp i r i c ally de rived e s t ima t es of  i d eal amino a c i d  

b a lance presen t ed in Tab l e  1 . 1 . 2  are in reasonably good agreement . 

Be fore these est ima t es are accepted for pra c t ical applicat ion , however , 

c on s i d e rat ion shou ld be given to two important  aspec ts  relat ing to 

experimental  procedure . 

Fir.s t ly ,  natural ingred ients  (barley , soyabean-meal , f ish-meal 

and wheat ings)  were used in the three s t ud ie s . Consequen t ly ,  the 

array o f  amino acids fed was not necessarily  ind icat ive o f  the array 

of amino acids d igested and absorbed . For example , in the d ie t s  fed 

by  Low et aZ. ( 1 980)  the d e t ermined apparen t d igestib i l i t y  of n i t rogen 

was 0 . 80 .  The d igestib il ity c oe f f ic i en t s  f o r  ind iv idual amino acids 

are l ikely to deviate  from this  value . Second ly , in each experiment , 

f ree synthetic  amino acids were added t o  the basal d ie t .  Th e  synthetic 

amino acids may have been absorbed at a f as t er rate than the amino 

acids derived f rom d igest ion of the in tac t pro t e ins , thereby impai ring 

the e f f iciency of protein synthes is . The e f f i c iency of u t i l isat ion 

o f  free amino acids  in mixed diets  has b e en reviewed ( Batterham ,  1 9 80) . 

I t  was concluded that supplemen ts  of  free  lysine are ine f f icien t ly 

u t i l ised by  growing pigs f ed once dail y .  Bat t erham (19 80) also  po in ted 

out that lys ine is  one of the more s table amino acids in terms of turn

over rate in the body and it  is therefore l ikely that other added syn

thetic amino acids may be ine f f icien t ly u t i li s ed under limited  feed ing 

regimes . Referring to the s tudy of  Lewis and Col e ( 19 7 6 ) ,  Bat t erham 

( 1980)  considered that under t he l imit ed f eeding system adopted , only 

0. 50 to 0. 60 cif the supplemen tal threonine may have been u t ilised , this 

resultin g  in an overest imat i on of  the threonine  requiremen t . Low et aZ. 

( 1980)  adopted twice daily f e ed ing and con cluded that eff icient use of 



free lysine  resulted .  The possib il ity , however , that o ther synthetic 

amino acids were not fully utilised was appreciated by the author s .  

Diff erences i n  the ra te and degree o f  amino acid d igest ib ility  

and absorpt ion may a f f ect  the  in terpretat ion of the  emp irical est im

ates of ideal amino acid balance shown in Table I . 1 . 2 .  In the exper

iments used to derive these est imates , the d ietary amino acid balance 

which afforded maximisat ion or minimisation of  certain performance  

ind ices was accepted as the  best  est imate  of ideal balance .  I t  is 

postulated , however , that the pat t erns of  amino acids prov id ed by the 

d iets used in these studies may have d if f ered markedly from the amino 

acid pat t erns supplying the sites of protein synthesis wi thin the 

an imal . The pat t ern of  amino acids at the site  of prot ein synthes i s ,  

moreover ,  i s  the pat tern of  amino acids whi ch mus t be considered a s  

ideal . 

Other fac tors may also int erfere with the experimental d e t ermin

at ion of the ideal  amino acid balance .  The fol lowing sec t ions give 

speci f ic considera t ion to the eff ects  of  pro t e in-free energy intake , 

d ietary electrolyte  l evel s , and d eviat ion from an ideal balance , on 

the u t il i sat ion of d ietary amino acid s .  

I . 1 . 6  The Inf luence of  Dietary Energy Intake on the Util isat ion 

of Dietary Amino Acids  

The intera c t ive nature of  prot ein and  energy metaboli sm ha s been 

described comprehens ively ( Butt ery and Boorman , 19 76 ; Kielano�ski , 

19 76, and Lindsay , 19 76) . I t  is generally accepted by these authors 

that increased eff ic iency of  d ietary prot e in utilisat ion accompanies  

increases in the  amount of non-prot e in energy f ed to the growing pig , 

although i t  is  d i f f icult to describe this e f f ec t  quantita t ively 

( Boorman , 1980) . 
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Fuller and Crof ts  ( 19 7 7 ) endeavoured to d evelop a quant i tat ive 

relat ionship between the intakes of prot e in and non-prote in energy for 

the growing p ig .  When starch was used to  progressively increase  d iet

ary non-protein energy , nitrogen retention in the castra t ed male p ig 

of  33 Kg l iveweight increased with each incremen t  of add ed s tarc h . The 

prot ein-sparin g  effect of starch was grea test when daily protein intake 
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exceeded 220  g .  At a h igh d ietary prot ein intake , increases in nitro

gen retention per unit increase in diet ary s tarch d ecreased as the  

s t arch in take inc reased , so  that  at  high  s tarch levels  the e f f ect  of  

added s tarch on ni t rogen re tent ion wa s smal l .  

In a review of amino acid u t i l i sa t ion by the growing pig , Low 

( 1 98 1 ) referred to s tud ies he had recent ly  under taken to inves t igate  

the protein-spar ing ef f ect  of  increasing the  prot ein-free energy 

intake of a d iet , whi l s t  maintain ing a cons tant amino acid intake . A 

s tandard grower d iet  was suppl ement ed with ma ize  oil  or s tarch , bu t no 

d i f f er enc es were detec ted in the ra te  or e f f ic i ency of amino acid use 

by the growing pig .  

To conclud e ,  it  appears that the  add i t ion of  energy t o  a d iet 

providing a high level of  protein-free energy wil l at  mos t  l ead to  

smal l  increases in  nitrogen reten t ion . However , precise quan t i t a t ive 

data  concerning the e f f ec t s  of prot ein-free  energy in take on nit rogen 

ret ention are lacking . In experiments d es igned t o  determine the  

idea l  balance of amino acids required for  the  growing pig , the supply 

of  prot ein-f ree energy must  be  adequate  t o  m in imise ca tabolism of 

d i e tary amino acids . In a situat ion whereby prot ein-f ree energy is 

l imit ing and amino acids  are d eamina t ed t o  provide energy , some amino 

acids  may be catabol i sed  at a grea t er r a t e  t han others , thus l ead ing 

to overest imat ion of the required l evel s of these amino acid s .  

I . l .  7 The Influence o f  Die tary Elec trolyt e s  on t h e  U t il isat ion 

of Dietary Amino Ac ids 

In a b iological con t ext , ac id-base balance refers  t o  t he r egul

at ion of  the concen t ra t ion of  t he anions and cat ions in the bod y f luids  

o f  animals (Mongin , 1 980) . Because ac id-base ho�eostasis  i s  an  impor

tant  facet of the phys iology o f  the grow ing  an imal , i t  is impor tant to 

consider the d ietary balance of elec trolytes  along with their absolu te 

requirement l evels ( Fl e t cher , 1980 , and Neathery , 1 9 8 1 ) . 

Aust i c , Madubuike , Boyd , Klasing and Riley ( 1 98 2 )  rev i ewed evid

ence suggest ing that there is  an int erac t ion , in mammal ian nutrit ion , 

b etween d i etary elect rolytes and basic amino acids  but  also remarked 

that  the physiological mechanisms underlying the interact ion are only 
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poorly understood .  

Dietary el ect rolytes are maj or det erminants of  an  animal ' s  acidi t y  

input al though endogenous acid produ ct ion aris ing from t h e  metabol ism 

o f  diet ary prot eins and the solub l isation o f  sal t s  must  also be con

s i dered. Endogenous acid produc tion cont ributes to acid-base balance 

and this con t ribut ion varies wi th the pro t e in source fed to the animal 

( Mongin , 1980 ) , indicat ing the basis for an int erac t ion between p ro t ein 

me tabol ism and acid-base balance . A s t eady state is apparent when the 

s um of  net acidi t y  intake plus endogenous acid product ion is equal to 

the net  aci dit y excreted in the urine.  For an animal to achieve steady 

s t at e ,  anions and cat ions be come invo lved in  various me tabolic  pa thways 

and may thereby be unavai lab le for the metabolic  processes associat ed 

with  g rowth ( Mongin , 19 80 ) . 

O ' Dell  and Savage (1966)  found that the  addit ion o f  potassium 

acetate to a puri f i ed casein d iet contain ing  g raded levels o f  arginine 

hydrochloride improved the growth rate of chickens at each level of 

arginine supplementat ion . The increas ed growth occurred in the pres

ence or ab s ence of added lysine hydrochloride ,  demons t rat ing that the 

s t imulated grow th was not directly related  to the l evel of chloride 

ion .  Further , the addi tion o f  potassium acetat e to a soyabean-meal 

diet  adequate  in lys ine produced no effect  whereas addit ion to a 

s e s ame-meal diet deficient in lys ine t ended to d epress growth .  

Miller  and Kifer  ( 1 9 70 )  showed that the  ef fect on chicken growth , 

due to supplementat ion of  a f ish-meal diet  with glutamic acid , was 

either  pos itive or negat ive depending upon whether glutami c acid  was 

included in the f ree form or as the hydrochloride . The det rimental 

e f fect  o f  the hydrochloride salt o f  glutamic ac id  was partially over

come by  adding ant iacids to the d i et .  Also , Miller (19 70) foun d  that 

the ut i l isat ion of  f ish-meal by chickens was greatly improved by  the 

addit ion o f  various mineral mixtures . 

An intracellular potassium ion def iciency in the  pig (Liebholz ,  }1cCal l, 

Hays and Spee r ,  1966)  is counteracted by a d i ff usion o f  sodium ions into 

the cel l and by  an inc rease in the cellular concentrat ion of  free b as i c  

amino acids. Madubuike , Calvert and Aust i c  ( 19 80) concluded that the d iet· 

ary l evel of potassium and perhaps the d i et ary level of sodium, may exert  



a sparing ef fect on the  lysine requiremen t o f  growing pigs . I ncreased 

growth in respons e to h igher levels of d i etary sod ium and po tass ium 

was ob served , however , only when lys ine was l imit ing for growth ( 0 . 4 
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to 0 . 5% of  the diet ) . No effect o f  sod ium or po tass ium supplementat ion 

occurred at h igher die tary lys ine levels  ( 0 . 8 to 2 . 0% ) . 

In relati on to the  as socia tion b e tween dietary elect rolyte  levels 

and the u t i l isat ion of  dietary prot ein sources , Mongin ( 1 980)  cons id

e red that the estab l i shment of amino acid requi remen ts  in experiments 

us ing synthetic amino acids may be in erro r .  Response or lack of  

response to amino acid supplemen t a t ion may in some cases be due to 

e lectrolyte  e f fect s .  

Endogenous acid  product ion cannot b e  readi ly controll ed by dietary 

formulat ion , but  the dietary mineral intake can be manipulated .  I t  

has been argued (Mongin , 1 980 ) that the mani pulat ion o f  d i e ta ry leve ls  

o f  sodium ,  potas s ium and  chloride is pract i cally mos t us eful . The 
+ relat ionship between these ions i s  us ual ly represen t ed as the  ( Na + 

K+ - Cl- ) ' concen t ra t ion fact or '  expres s ed in milliequivalen t s  per 

lOO g of diet . 

Inves t igatior:s wi th poul try (!-longin and Sauveur , 19  7 7 , and Johns , 
+ + 

1 9 8 1 )  have estab l ished an opt imum l evel o f  the  (Na + K - Cl ) factor 

for growth in ch i ckens o f  25  m . eq . per lOO g o f  diet . Acco rding to 
+ + 

Mongin and Sauveur ( 19 7 7 ) , d i f ferences in the (Na + K - Cl- ) fac tor 

ranging f rom 15  m. eq . to 30 m. eq .  per 1 00 g of  diet  had l i t t le e f f ect 

on growth rat e .  Rat e  o f  growth was markedly depres sed , however , when 
+ + 

the (Na + K - Cl
- ) fact or was below 15  or above 30 m . eq . per lOO g 

o f  diet . 

Al though several investigat ions concern i ng the  ef fects  o f  d i et ary 

electroly tes have b een conduct ed with chicken s , l it tle informat ion is  

available  regarding th e ef fects of electrolytes on p ig growth 

( Fletcher , 1980 ) . D i f f erences in avian and manunal i an renal physiol ogy 

and s t ruct ure are well document ed ( Gans, 1 9 70 )  and in cons equence 

ext rapolation of results f rom poul t ry to  the growing pig may be  mis

leading . Overall , i t  should be real ised that suffi cient experinental 

evidence is  avail ab l e  to s uggest t ha t  the balance o f  dietary electro

ly tes may be o f  s i gn i f i cance in the determina t i on o f  amino acid 



requirement s .  Quant i f i cat ion of  the effec t s  o f  electrolyte  balance 

on pig growt h requires inves t igat ion . 

I .  1 .  8 Deviat ion f rom an Ideal Amino Acid Ba lanc e 
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Amino acid imbalanc e, ant agon ism and toxic ity  are important aspects 

of  a cons ideration o f  deviat ion from an ideal amino acid balance 

( Col e ,  1 9 79 ) .  

Dietary amino acid imbalance has been ex t ensively reviewed 

( Harper et a l . ,  1 9 70 , and Rogers , 1 9 7 6 ) . Amino acid imbalance wil l  

genera l ly cause dec reased food in take for anima ls fed ad libitum and 

consequen t l y  a decl ine in growt h rat e .  Decreased u t i l isat ion of the 

l imit ing amino acid in an imbalanced amino a c i d  mixture seems unlikely, 

but rather enhanced u t ilisation may occur ( Boorman , 1980) . 

Payne ( 1 9 72a )  and the Agricul tural Research Council ( 1 9 7 5 )  con

cluded that the class ical  effects of amino a c id imbalance are unlikely 

to be encoun tered when prac t i cal mixed diets , providing mildly imbal

anced amino acid mix tures, are fed to  growing an imals . Also , Cole 

( 1 9 79 )  indi cat ed that amino ac id antagon isms and toxicity  are un likely 

to af fect the performance of  pigs fed pract ical diets . Nevertheless, 

Tob in, Boorman and Lewis ( 1 9 73 )  showed that young chickens fed an 

imbalanced diet ( 2 5g o f  an imbalancing amino acid mix ture added per Kg 

o f  a 1 00 g crude protein/Kg con t rol  diet ) exhib i t ed faster  growth relativ1 

to  the con t rol chickens , even though intake of  the imbalanced diet was 

sl ightly depressed . I t  is notab le  that the prot ein con t ent  of  the 

cont rol diet was low and the observed resul t may not be verif iab le 

at  h igher dietary pro t e in concent ra t ion s .  

An int erest ing experimen t al approach was undertaken b y  Waldroup, 

Hit chell, Payne and Hazen ( 19 76 ) . Bro iler diets  were formulated using 

commercially availab l e  foodstuffs . Dietary crude protein varied from 

190  to 269  g/�g and it was ensured that the chicken ' s  minimum amino 

acid requirement s  were exceeded in each d iet . No effec t on growth or 

food consumpt ion , due to  minimisation of the levels  of  amino acids 

supplied excess to requirement s ,  was demonstra ted . It  was also shown 

by Morris and Wethli  ( 1978)  that there was no observable effect  upon 

food intake or product ion , caused by mild d ie tary amino acid 
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derangement , for hens f ed diets  in which the degree o f  d erangement wa s 

ma intained in cons tant proport ion to the d ietary prot ein l eve l . 

Fur ther informat ion , espec ially specif ically related to the 

growing pig , is required to enable conc ise descript ion of  the e f f e c t s  

o f  imbalanced dietary prot ein on nit rogen retent ion. In t he absence 

of  such informa tion , it appears that the d egree of imbalance encoun

tered in practically formulated diets  for gro\o.ring pigs is unlikely to 

significantly influence nit rogen retent ion . 

In experimental situa t ions , however , whereby large amoun ts  o f  

f ree amino acids may b e  added t o  a basal d iet , the possible  e f fects  o f  

amino acid imbalance , antagonism o r  toxic ity  can not be di scounted . 

Su ch ef fects may be part icularly important in experimen t s  of this  

nat ure if  the removal of  amino acids from the  basal pro t e in source is 

precluded . Fina lly , i t  should be apprecia ted tha t amino acid  imbalance 

is a relat ivis t ic concept and the term ' imbalance ' is onl y  mean ingful  

in relat ion to a ref erence pa t t ern of amino acids . In  exper imen tat ion 

des igned to det ermine an ideal balance of amino acids , then , i t  becomes 

imperat ive to carefully def ine the criterion of balance adequacy , 

thus al lowing precise establishmen t of  the reference pa t t ern . 

I .  1 .  9 Conclusion 

The establ ishment of an ideal amino acid balance af fords con sid

erable  ref inement in the est imat ion of amino acid requirements  for 

growth in the pig . Consequently , s tudies have been undertaken which 

provide empirical es t imat es of the ideal amino acid ba lance required 

by the growing pig .  

In  these s tudies the maximisat ion or min imisat ion o f  a number of  

performance ind ices wer e  used as the criteria for a t t a inment of  an 

ideal balance .  The amino acid balance of the diet  which · gav e  opt imal 

performance was equa t ed with the ideal amino acid balance .  There is , 

however , a d rawback to this approach . 

The bal ance o f  amino a c ids supplying the s i t es o f  protein synth

esis within an animal may not be the same as the balance  o f  amino 

ac ids provi ded by the diet . Whereas i t  i s  accep t ed that in the studies 



deriving empi rical es t imat es of  the ideal amino acid balance , the  pat

tern of  amino acids wh ich reached the sit es of prot ein synthes is was 

l ike ly to app roximate  an ideal balance , it cannot be assumed that this  

pat t e rn  was the same as  the  one supplied by the diet. Furt her , the 

e f f ects of  factors such as p rot ein- free ene rgy supply , dietary elect ro

l y t e  balance and amino acid imbalance , ant agon ism and toxicity  may also 

con found the es tima t ion of ideal amino acid balance . 

In this  cas e ,  es tab l ishment o f  the ideal amino acid balance for 

the growing p i g ,  giving due at t ent ion to the  various confounding exper

imental  fact ors , is a j us t ifiable  research aim . 
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I .  2 .  1 

CHAPTER 2 

THE ASS ESSMENT OF A BALANCE OF AHINO ACIDS CONSIDERED TO BE 

IDEAL FOR THE GROWI NG PIG  ( 20  t o  80 KiL LIVEWEIGHT) 

Introduct ion 

The review of l i t erature focusses a t t ent ion upon several factors  

important to  the exper iment al det ermina t ion of  an  ideal amino acid  

balance .  The des ign of the present s tudy g ives a t t ent ion to  these 

fac tors . 
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Of par ticular concern was the pos s ib i l i ty that d i f f erences in the 

ex tent and ra te  of  d iges t ion and absorp t i on of d i etary amino acids  may 

have  influenc ed the resu l t s  of st ud ies aimed at det ermining ideal bal

ance .  The amino acid balances of  the diets  f ed in  t hese studies did  

not  necessarily equat e  with the amino acid balances supplying the s it es 

o f  protein synthes is  within the animal . 

The overall  obj ect ive o f  the s tudy described here was to assess  

the  adequacy o f  an amino acid balance considered t o  b e  ideal for the  

growing pig based u pon est imates f rom the l i t erature . A more preci se 

e s t imation o f  the ideal amino acid balanc e would be  pursued if  the 

proposed balance was d eemed to  be inaccura t e .  

A pilot  t r ial  was designed i n  wh ich a basal  d i e t  (amino acid b alance fo 

mu lat ed with ref erence to empirical es t imat es of ideal amino acid bal

ance) was t o  be  f ed t o  the growing pig  and daily urinary n i trogen 

excret i on record ed . Compar ison of the urinary nitrogen excret ion of 

p igs f ed the basal d i et with  l i terature estima tes of endogenous urinary 

n i t rogen loss , served as a guide to  t he adequacy of the ba sal d ietary 

amino acid balance . Dependent upon the relationship between the two 

es t ima tes of urinary n i trogen excret ion , i t  was p lanned t o  follow one 

of  two s t rategies . 

Firstl y ,  i f  the resul ts from the p ilot trial indi cat ed that  daily 

urinary n itrogen excret ion of pigs fed the basal d iet  was s ignif icantly 

greater than the e s t imates of da ily endogenous urinary n i trogen loss , 

then a series of  metabol ism studies would be  conducted to  invest igat e  



the effect on urinary n itrogen excret ion o f  manipulation of the pat

tern of amino acids in the basal diet . The succes s ive add it ion or 

removal of syn thetic amino acids ( either s ingly or in comb inat ions) 

would be made to and from the basal diet unt il minimum urinary urea 

nitrogen exc ret ion was achieved . 
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I n  the second case , i f  the resul t s  from the pilot trial indicated 

that da ily urinary n itrogen excretion of  pigs fed the basal diet was 

close to or lower than the li terature e s t imat es of daily endogenous 

ur inary nitrogen loss , then a fur ther metabol ism s tudy would be con

duc ted to verify the ideal nature of the basal amino acid bclan c e .  

A comparison of  urinary urea nitrogen excret ion of growing p i g s  fed 

the basal diet with that of  the same pigs  fed a prot ein-free diet 

would serve to quan t ify  the adequacy of the balance of the basal diet . 

Before conduc t ing the pilot trial it  was cons idered necessary to 

inves t igat e the influence of  the electroly te and prot ein-free energy 

l evels of the basal d iet on the n itrogen metabol ism of the growing pig . 

Consequently,  two prel iminary trials were undertaken . 

There are several aspects  of  experimental design d irectly relev

an t to the prel iminary experiment s ,  pilot trial and main exper iment . 

I t  i s  pert inent to  ou tl ine these aspects before presenting spec if ic 

detail s  of the respect ive experiment s .  

1 . 2 . 2  Aspects  of Experimental Des ign 

( i )  Animals and hous ing . 

Landrace X Large White  ent ire male pigs ( boars)  of approx

ima t ely 20  Kg l iveweight were selected a t  random from a weaner pool 

at the Massey University Pig  Research Cen tre . The boars were ind iv

idually penned f or f ive days b efore being transferred to metaboli sm 

crates whereby thei r  movement was restricted . The metaboli sm crat es 

were designed to  ensure compl ete urine collect ion f rom male p igs . 

The crates were housed in a controlled-environment room, the ambi ent 

temperature being mainta ined at  2 1
° ± l °

C .  



( i i )  P ro t e i n  component o f  the basal d i e t . 

It was d es i rab l e  that  the source o f  d i e t a ry pro t e i n  a l low 

compl e t e  d i ges t i on and ab sorpt ion of i t s  cons t i t uen t ami no a c i d s  and 

t hat  the ab sorb ed amino acids  be t rans po r t e d t o  the s i t es of pro t e i n  

s yn t hes is  at s imi l a r  ra t es .  

Th e assumpt ion that m i x t u res o f  c rys t a l l ine amino a c i d s  are  com

p l e t e l y  ab s o rbed by grow ing animals  has l e d  t o  the i r  u s e  f o r  d e t ermin

ing amino acid requi r emen t s  i n  the rat ( N a s s e t , 1 9 5 7 ) , t h e  ch i c k en 

( Fisher and J ohnson , 1 9 5 6 )  and man ( Ro s e , 1 9 5 7 ) . C ry s t a l l ine am ino 

a c i ds were fed  as t he sol e source of n i t rogen for the baby p i g  

( Dudley , Becke r , J e n s en , Terri l l  a n d  N o r t o n , 1 9 6 2 )  and adequa t e  pe r

fo rman ce was ob t a ined when young pigs  r e c e ived a mix t u r e  o f  synt h e t i c  

amino acids  and ammon i um sal ts  a s  t h e  s o l e  n i t rogen s o u r c e  ( Her t z ,  

Beeson an d Jackson , 1 9 52 ) . 

Even t hough th e use o f  syn t he t i c  amino a c i d s  a l lows p r e c i s e  s t an

dardisat i on of the d i et aD' amino a c i d  p a t t e rn ( Rerat and Lougnon , 1 9 6 8) 

p rovis ion o f  the l evels  required by t h e  g rowing pig  i s  very expens ive . 

Fu rthermore , subs t an t ial evi dence is  a c c umul a t e d  ( Das and Radhakr i shnan , 

1 9 7 6 )  to suggest t h a t  the ab sorp t i on o f  p e p t i d e s  i s  con s id e rab l e .  In 

t h i s  cas e , the pos s i b i l i t y  of in compl e t e  or relat i v e l y  s l ow ab s o rp t ion 

of some amino a c i d s , when synthe t i c s comp r i s e  the s o l e  source o f  d i e t 

a ry prot e i n , mus t  b e  rea l i sed . 
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I t  s e emed mo re appro p r i a t e  to  s imul a t e  the  natural produc t s  o f  d i g

e s t ion by f e e d ing pigs a compound s u ch as enzyma t i c a l l y  hyd ro l y s e d  casein. 

The l a t t e r  i s  a mixt u re o f  o l igopept i d e s  and f r e e  amino a c id s .  

Evidence s uppo r t i ng virtually  comp l e t e  d igest ion and ab sorpt ion 

o f  the  amino acids f rom intact  cas e in h a s  b een prov i d e d  f rom s t u d i e s  

w i t h  t h e  r a t  ( Ch en ,  Rogers and Harpe r , 1 9 6 2 , a n d  Buracz ews k i , P o rt e r , 

Ro l l s  and Zeb rowska , 1 9 7 1 ) , and t he p i g  ( Ca r l son and Bay l ey ,  1 9 70 , 

an d Low , 19 79 ) . Fu r t h e r  t o  this , t h e  j ej unal abs o rp t ion o f  amino 

a c i d s  f rom an enzyma t i c  h y d rolys a t e  of cas e in was shown t o  be greater 

an d mo re even than f rom an amino acid mix t u re s imul a t in g  cas e in , when 

a dmini s te r e d  to normal h uman subj e c t s  ( S i l k ,  Clark , Marrs , Addison , 

B urs ton , Mat th ews an d Clegg ,  1 9 75 ) . 
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Enzymat ically hyrolysed casein ( N ew Zealand Pharmaceut ical s Lt d . , 

Palmers ton North , New Zealand ) was chosen , therefore , as the primary 

die tary pro tein source . S ynthe t ic amino acids  were added to the 

enzymat ically hydrolysed casein to produce the protein source for the 

basal diet . The compos it ion of the casein , am ino acid mixture sug

ges ts the facility  for removal or add i t ion of speci f ic ind ividual 

amino acids . The effects  of amino acid  imbalanc e ,  espec ially amino 

acid antagonisms and toxicities  are unlikely to be problemat ical in 

an experimental d esign allowing for removal and addition of free 

amino ac ids . 

Support for the assumption tha t the protein content of  the ba sal 

diet was compl et ely d igested and absorbed by the growing pig was prov

i ded by results from a d iges t ib ility  s tudy in which deterrnina tions 

were made of  the t rue ileal and faecal d iges t ib il i t ies  of  nit rogen 

in the basal d iet . Details of this s tudy are given in part two of the 

thesis . Mean values of 0 . 996  true i leal d igestib il i ty and 1 . 0 1 0  true 

faecal d iges t ib i l i ty were recorded for  the nitrogen component of the 

basal d ie t .  

( i ii )  Formulat ion of  the basal d iet . 

The balance b etween the essent ial amino acids in the 

basal d iet was formulated to be  close to the average of the three pub

lished empir ical estimates of ideal amino a c id balance ( Lewis and Cole , 

1 9 7 6 ; Fuller e t  aZ. , 1 9 79a , and Low , 1 9 8 1 ) . The non-essential amino 

acid component of the d iet  was formulated to comprise 0 . 55 of the 

total dietary prot ein cont ent , this being  based on the f indings of  

Mitchell e t  aZ. ( 1968 )  and Henry and Rerat ( 1 9 70 ) . 

The levels of  addi t ion of  synthe t i c  amino acids  to the enzyma t ic

ally hydrolysed casein were based  on  a determined  value for the amino 

acid  composition of enzymat ically hydrolysed casein . 

The amino ac id composition of  the enzymat ically hydro lysed casein 

and the levels of  synthetic amino acids (L  isomers)  added to produce 

the prot ein source for the basal diet  are given in Table 1 . 2 . 1 .  The 

ingredient , nutrient and amino acid compositions of the basal d iet 

are presented in Tables  1 . 2 . 2 ,  1 . 2 . 3  and 1 . 2 . 4  respectively . The 



amino acid composit ion of the basal diet  (Table I . 2 . 4 ) was conf irmed 

by chemical analys i s  ( I . 2 . 2 . vi i ) . 

( iv) Feeding level of the basal diet . 

I t  was impor tant to supply die tary pro t e in to  the growing 

p ig at an amount adequa te to allow a high level of body protein dep

o s i t ion but not at a level exceeding the an imal ' s  ab il i ty to depo s i t  

pro tein . An e s t ima te  of  total ob l igatory nitrogen loss o f  0 . 2 3 g /  

Kg 0 • 7 5  / d  was taken f rom Berschauer , Gaus and Menke ( 1 9 80)  and an 

upper l imit to pro t ein retent ion in the en t ire male pig  ( 20 to 80 Kg 

l ivewe ight )  of 1 30 g/d  was proposed , this  being based on the obser

vat ions of  Kielanowski  ( 1 969) . Assuming c0mp lete  ef f ic iency of  use 

of the casein , amino acid n itrogen for main t enance and growth and 

based on an average prot ein deposit ion rate of l O O g/d  a scale of  

food in take was calculated and is shown in Table  I . 2 . 5 .  

(v)  Measurement o f  the eff iciency o f  u t il isation o f  d ietary 

pro tein . 
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Me thods of eva luat ing the e f f iciency of u t il isat ion o f  

dietary pro tein by growing animals have been reviewed b y  Eggum ( 1 9 7 6 )  

and Delort-Laval ( 19 76 ) . It  was conclud ed that urinary t otal  nit ro

gen and urea exc ret ions serve as accurate measures of the exten t  of 

u t i l isa tion of d i e ta ry pro tein s .  Brown and Cline ( 1 9 72a)  d emons trated 

the usefulness of  urinary urea as a measure of  the u t il i sa t ion by the 

growing p ig of mai z e  prot ein supplemen ted with lysine and tryptophan . 

In a further supplement a t ion experiment ( Brown and C l ine , 1 9 72b)  

good agreement was  found between the  resu l ts ob tained f rom a t echnique 

measuring urinary u rea produc t ion and those f rom a s t andard growth 

assay . 

The col le c t ion of urine from growing pigs and the de term ina t ion 

of  ur inary total  n i t rogen or urea are relatively s traightforward 

and allow several measurements of response to  changes in dietary amino 

acid balance t o  be made on the same animal . The minimisat ion of either 

urinary total  n i t ro g en or urea excret ion was adopted , therefore , as  

the  criterion for  a t t ainment of maximum u tilisa t ion of  dietary pro t e in . 



Tab le 1 . 2 . 1 The det ermined amino acid composit ion of enzymatically 

hydrolysed casein and amoun t s  of  synthetic amino acids 

added to provide the sole prot ein source of the 

basal d iet . 

Amount in casein Add i t ion to 

Amino a cid  (mg/g  ' as  f ed ' )  (mg / g  ' as 

Lys ine 6 3 . 70 

Methion ine + cystine  20 . 80 

Tryptophan 9 .  10  t l 

His tidine 20 . 70 

Phenylalanine + tyro s ine 80 . 20 

Threonine 3 1 .  70 

Leucine 75 . 40 

I soleucine 4 1 . 92 

Val ine 5 1 . 50 

Non- essen t ial  amino acids 433 . 70 

t 1 Cal culated value f rom S ilk et a l .  ( 19 7 5 ) . 

t 2  Added a s  3 3 . 64 mg L lys ine monohydrochlor ide . 

2 7 . 1 0 

28 . 60 

2 . 30 

9 . 80 

1 1 . 30 

2 1 . 70 

4 . 9 5  

0 

8 . 50 

19 5 . 30 

casein 

f ed ' )  

t 2 

t 3 

t"  

t s  

t 3 Add ed as 22 . 88 mg D L methionine  and 5 . 72 mg L cyst ine . 

t � Added  as 8 . 4 8 mg L phenylalanine  and 2 . 82 mg L tyro s in e .  

t s  Non-essent ial amino acids added were : L g lycine 4 3 . 40 mg , 

L glu tamic acid  86 . 80 mg ; L aspartic acid 4 3 . 4 0  mg ; 

L arginine  2 1 . 70 mg . 
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Table I . 2 . 2  Ingredient composit ion of the basal diet . 

Ingred i ent ( g / Kg a i r- d ry weight ) 

Cas e i n , amino a c i ds 95 . 5  

Ma i z e  o i l  30 . 0  

Puri f ied c e l l u l o s e  33 . 2  

Sucrose 66 . 6  

Ma i z e  s t arch 7 36 . 8  

Minera l , v i t amin supplement t 3 7 . 9  

T Supplied (mg / Kg diet ) : Vitamin A 5 . 4 2 ,  Vitamin n3 0 . 83 3 ,  

Vitamin E 5 . 4 2 , Vi tamin B2 3 . 75 ,  Vitamin K 5 . 0 ,  V i t amin 

B 1 2  ( 1 0 % )  3 . 33 ,  Vitamin B 1 2 . 50 ,  Vitamin B6 3 . 3 3 ,  Calc ium

cl-panto th enat e  1 4 . 99 ,  Nico t inic  ac id 15 . 83 ,  Biotin ( 2 % )  

2 . 5 ,  Folic  acid 0 . 833 , Para amino b.enzo ic acid 1 9 . 9 9 ,  

Vitamin C 32 . 49 ,  Inos itol 1 9 3 . 26 , Chol ine chloride 420 , 

Magnes ium oxide 0 . 83 3 ,  Sod ium f luoride 8 . 33 ,  Copper 

sul pha te  ( 2 5% )  1 7 . 4 9 , Cobalt sulphate ( 2 1% )  1 2 . 9 1 ,  

Ferrous sulphate ( 3 1 % )  22 3 . 5 7 ,  Manganese sulphat e  8 7 . 60 

and Zinc oxide 66 . 70 ;  ( g /Kg d i e t ) : Potassium carbona t e  

4 . 50 ,  Calci um phosphate 20 . 82 ,  and Sod ium chloride 5 . 0 .  

26  



Table 1 . 2 . 3  Nutrient composit ion of the basal diet . 

Crud e pro t e in (g / Kg air-dry 

Crude f ibre ( " 
" " 

Gross energy ( MJ /Kg a ir-dry 

Apparent diges t ible  energy 

t 1 Calculated value . 

weigh t )  

" ) 

weight) 

(MJ /Kg a ir-dry 

t2 Determined value ( refer p . 40) . 

weight )  

83 . 0  

3 3 . 2  

1 5 . 62 

- 1 5 . 00 

t 3 Det ermined in an independ ent s tudy (Moughan and Smith , 

unpubl ished ) . 

2 7  

t l 

t l 

t2 

t 3 



Tab l e  1 . 2 . 4  The amino acid composit ion of the basal d ie t . 

Am ino acid .l-I 

( Re l a  t .:!.vc  
( g /Kg a ir-dry)  lys ine = 

Lysine 6 . 589 

�le th ion ine + c y s t ine 3 . 585 

Tryptophan 0 . 82 7  

H i s t i d in e  2 .  2 1 3  

Phenylalanin e  + t yrcs ine 6 . 640  

Threon ine 3 . 8 75  

Leucine 5 . 83 1  

I so l e u c in e  3 . 04 2  

Val ine 4 . 354  

Non-essen t ia l  amino a c i d s  45 . 64 2  

t Based u po n  d e t ermined amino ac id c omposit ion o f  

enz yma t i ca ll y  hyd rolysed casein ( Ta b l e  1 . 2 . 1 ) and 

known addit ions of syn thetic amino a c i d s . 

1 00 

54 

1 3  

34 

1 0 1  

5 9  

89 

46  

66  

693  

28  

to 
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Table I .  2 .  5 Feed ing level of the basal diet . 

P ig liveweight Food intake Prot ein in take t 
( Kg )  ( Kg/d)  ( g /d) 

30 1 .  43 1 1 8 . 4  

35  1 .  45  120 . 7  

40  1 . 4 8 1 22 . 9  

4 5  1 .  5 1  125 . 0  

50 1 .  53  1 2 7 . 0  

t Based on a diet with approxima t ely 83 . 0  g 

crude protein/Kg a ir-dry weight .  

(vi )  Urinary collection . 

Urine was collec ted over acid ( 10% sulphuric acid at 

0 . 025 urine volume) . The volume and weight of da:i.ly urine excret ion 

were recorded and the urine then stored in deep freeze ( -20 ° C) . Rep

resentative samples ( 500  cm 3) were taken from each pig ' s  to tal ur inary 

excret ion for the respect ive test per iod . The samples were chilled 

while awa i t ing analysis . 

(vi i )  Analy t ical methods . 

29  

(a )  Dry mat t er .  Duplicate  det erminat ions were p erformed 

on food and fa eces . Samples of approximat ely 2 . 0  g were placed in 

pre-weighed porc elain cru c ibles and weighed to the nearest 0 . 1  mg . 

The samples were oven-dried at  80 °C to a constant weight . Af ter 

cool ing in a dessica tor , the crucibles and contents were aga in weighed . 

Dry ma tter cont ent was expressed as a proportion of the weight of the 

original sample .  
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(b )  Organic mat t er .  Dupl icate determinat ions were mad e 

on oven-d r ied samples  of  food and faeces . Samples of  approxima t el y  

2 . 0  g were p laced i n  pre-weighed porcela in crucib l es , weighed t o  the  

nearest  0 . 1 mg and then trans fe rred to  a cold muf f l e  furnace .  The 

t emperature of the f urnace was increased slowly unt i l  burning wa s com

plet e ,  when it was qu ickly e levated to 450 °C .  The samples  were lef t 

a t  this t emperature for  six hours before b e ing removed to  a dessicator 

and weighed when cool . Organic mat t er was calculated as the d i f f er

ence in weight between the in itial sample  and the ash rema in ing a f t er 

combu s t ion , and was expressed as a proport ion of the weight of  the 

or iginal sample .  

( c )  Gross energy . The gross energy cont ent wa s det er

mined on duplicate samples  of  food , faeces  and urine .  Ana lys is  was 

performed on an adiabatic bomb calorimeter (A .  Gall enkamp and Co . Ltd . , 

Christopher S t . , London) . The air-dry f ood samples wer e pel l e t ed 

b efore combust ion whereas fresh faecal mat er ial and freeze-dried urine 

were wrapped in cellophane to enhance combustion . Gross energy values 

were expressed in megaj oules ( �U )  per unit  weight of  sample . 

( d )  Total nitrogen . Dup l ica t e  det errninat ions were 

made on food , faecal and ur inary samples . Total nitrogen cont ent was 

det ermined using the Kj eldahl technique ( H i ller , Plazin and Van S lyke , 

1 9 4 8 ) . The mat er ial was d igested in ho t concentra t ed su l phuric acid  

in the pres ence of mercuric sulphate  as a catalyst . This  was f o l lowed 

by the dis t i llation o f  ammonia int o boric ac id (Meeker and Wagner , 

1 9 3 3 )  and subsequent t itrat ion against  s tandardised 0 . 1N sulphuric  

acid us ing methyl red  as an indicator .  

( e )  Urea . The concentration o f  urea in  u r ine samples 

was measured color imetrically on an autoanalyser ( Technicon Instrum

ents Corp . , Tarrytown , New York , U . S . A . ) .  The method i s  based on the 

react ion of  urea and d iacetyl monoxime in the presence of thiosemi

carbaz ide under acid conditions and has b een described in detail  by 

Marsh , Fingerhut and Miller ( 1965) . The concentration of  urea in each 

test sample was determined with reference to a standard curve . The 

lat ter was derived by analysing a series of urea solutions o f  known 

concent ration.  Initial s tudies with the autoanalyser d emonstra ted 

that  the repea tability b etween samples was such as to obviate  the need 
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for duplicat ion . 

( f ) Creat inin e .  The concentrat ion o f  ur inary crea t inine 

was measured color imetrically by the J a f f e  react ion on an au toanalyser 

( Technicon , methodology N- 30 , Technicon Instruments Corp . , Tarrytown , 

New York , U . S . A . ) .  Initial trials with the autoanalyser demons trated 

that the repeatab ility  between samp les was su ch as to obv iate  the 

need for dupl ica t ion . 

( g) Amino acids . Samp les  o f  enzyma tically hydrolysed 

casein peptone and the basal ( casein / amino acid ) d iet were ana lysed 

for amino acid contents  using ion exchange chroma tography (Moore and 

S te in , 1 9 6 3 ,  and Hami lton , 1 9 6  7). Amino ac id analyses wer e carried out 

on a Beckman 1 1 9 B . L .  amino acid analyser using 0 . 2  mg dup l icate sam

p l es ( on an ' as fed ' basis) . Protein was hydrolysed in 0 . 2  cm 3 of 

5 . 8M glass-d is t i lled hydrochloric acid in tubes sealed under a vacuum 

of  0 . 0 1  mm mercury . The hydrolyses were conduc t ed at 1 1 0 u  ± 2 °C for 

2 4 ,  4 8  and 72  hours respec t ively and consistent values were found for 

all  amino acids at these hydrolysis in t ervals . Tryp tophan , b eing 

destroyed during ac id hydrolys is , was not determined . Performic acid 

t reatment �as used to oxidise methionine to met hionine sulphon e and 

cysteine to cys t e ic acid (Moore , 1963 ) . 

( h )  Chlor ide ion . The chloride ion concentrat ions of 

two d i et s , one based on barley and t he other on enz ymat ically hydro

lysed casein ( basal d i e t )  were d et ermined u s ing a comb ina t ion chloride 

electrode ( Orion Research Inc . ,  Blackstone S t . , Camb r idge , Mas sachus

ett s , U . S . A. ) .  

A represent a t ive sample of food was g round to pas s  through a 1 mm 

s ieve . Approximately 5 g of sample  was weighed to the nearest  0 . 1 mg , 

transf err ed to a volumet r ic f lask and mad e up to 250  cm3 by  the add it

i on of  0 . 1%  (v/v)  acetic  acid . The solu tion was shaken v igorously , 

lef t s tand ing for approxima tely 1 2  hours and then thoroughly shaken 

again . The f lask con t ents  were cent r ifuged ( 2000 r . p . m . ) and 2 cm 3 

o f  a SM sodium nitrate  solut ion were added to 100 cm3 o f  t he super

natant l iquid . The molar conc ent rat ion of chloride ion in this sol

ut ion was read d irectly off a microprocessor ( Orion Research Micro

processor , Ionanalyser 90 1 ,  Orion Research Inc . , Blacks t one S t . , 



Cambridge , Massachuse t t s , U . S . A . ) .  The ionanalyser had b een prev

iously calibra t ed uiing standard solut ions of sodium chloride in 

0 . 1 %  ac etic acid . Measure s adopted to avoid con t amina t ion of the 

t est  solut ions with chloride ions compr ised the use of  deion ized 

water for the cleaning of glassware and in the preparat ion of  sol

u t ion s ,  and the s torage of so lu t ions in poly thene containers . S ix 

samples of each diet  were anal ysed and average values for chloride 

ion concentrat ion were cal culated and expressed in g chloride per 

1 00 g sample ( '  as fed ' ) . 

( i ) Sod ium and pot ass ium .  The l evels of  sod ium and 

potass ium were det ermined in duplicate  samples of  a bar ley based d i et 

and a casein based diet , us ing f l ame emis s ion spec trophotome try 

( Perkin Elmer , 306 a tomic absorpt ion spect rophotome ter , Perkin Elmer 

Corp . , Main Avenue , Norwalk , U . S . A . ) . The d ie tary levels of sod ium 

and po tass ium were expressed in g per 1 00 g sample ( ' as  f ed ' ) . 

I .  2 .  3 Prel iminary S tudy One : The Influence of  the Dietary 
+ + -( Na + K - Cl ) Factor on the Energy and Ni t rogen 

Metabolism of  the  Growing Pig 

( i )  Int roduct ion . 

I f  opt imum performance is  to  be  a t t ained t he growing animal 

must  be provided wit h  a balanced supply of d ietary electrolytes 

( Fletcher , 1 9 80 ) . The diet ary levels o f  sodium , potassium and chlor

ide may b e  manipulated  to achieve electrolyte  balance ( Mongin , 1 9 80 )  

and the relat ionship b etween these minerals is conven ient ly described 
+ + -by  the ( Na + K - Cl ) concent rat ion fac tor . 

I t  is  clear f rom the review of  l it erature ( I . 1 . 7 ) tha t al though 

the balance between dietary electrolytes may b e  par ticu larly impor

t ant in experiment s  designed to det ermine amino acid r equiremen t s , 

l i t t l e  is known regarding the eff ect  of a l t erat ion of the (Na+ 
+ K

+ -

Cl-) fac tor on p ig growt h . 

The obj ective of  the present experiment was to det ermine the 
+ + -

ef fect of  variat ion of the dietary (Na + K - Cl ) fac tor on the 

energy and nit rogen metabol ism of  the growing pig when a d iet was 
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fed  t o  pigs for the durat ion of  a met abol ism t rial .  I t  was decided  to  
+ + 

vary the (Na + K Cl ) factor in a high qual ity cereal-based pig  

grower diet . On the bas is of  the res ults  ob tained a decis ion was ma de 

as to the rel evance of  invest igat ing the effect of  manipul at ing the 
+ + 

(Na + K - Cl ) factor in the basal ( casein ,  amino ac id )  diet . 

( i i)  Experimental procedure . 

( a )  Treatmen t s .  A barl ey-based diet known t o  have sup-

ported satisf actory growth in the pig served as a contro l .  The 

ingredient and nutri ent composit ions of this control diet are given 

in Tab le 1 . 2 . 6 .  1\.Jo test  diets '-'ere also  formulated which d i f f ered 

from the contro l  diet  only in that 0 . 1 0  and 0 . 50 of the cellulose in 

the latter  were replaced by ca lc ium chloride d ihydrate and potass ium 

carbonat e ,  respect ively . 

In  each d iet the  concentrat ions of sodium ,  po tass ium and chloride 

were expressed in milli equivalents (m . eq . )  per l OO g of air-dry diet . 

The d iets  provided three dis t inct leve l s  o f  the (Na+ + K
+ 

- Cl- ) f ac

tor , n amely 7 . 2 ,  4 . 5  and 2 1 . 8 m . eq . / 1 00 g diet in the control  and two 

t est  diets respect ively . 

( b )  Anima l s  and hous ing. Twelve boars each of approx-

imately  30 Kg l iveweight w�re used in a metabol ism s tudy which comp

rised two replicates each of s ix animals . The boars were confined in 

metabol ism crates ( I . 2 . 2 . i ) .  

( c) Gene ral conduct of  st udy. For each rep l icate two 

boars were allocated at random to each of the three diet ary t reat-

ments . The daily meal allowance was fixed at 0 .  1 1  o f  met abo l ic b ody 

weigh t  (w o ·  1 s )  and feeding was t�.o.•i ce daily at 08 . 30 1 1  and 1 6 .  30 h .  

The meal was mixed wi th water before f eeding ( 2 . 2  cm 3 wat er/g)  and no 

extra water was given . All spi l lages of  food were recorded and meal 

intakes were adj us ted accordingly . The t rial compr ised a seven-day 

accus toming perio d , followed by a s i x-day faecal and urinary coll ec

t ion period . Faecal and urinary output s o f  each boar were weighed 

daily and then s to red  in  d eep freeze (-20 ° C) unt i l  required for  

chemical analysis . The boars were weighed prior to the commencement 

of the accustoming period and at the beginning and end of the collect ion 



Table  1 . 2 . 6  The ingredient  and nu tr ient compo s it ions of the 

control diet . 

Ingredi ent 

Ma ize  

Barley 

Soyabean meal 

S k im milk powd er 

Blood meal 

Bone f lour 

Limes t on e  

Purif ied cellulose 

D L met hionine 

Lys ine monohydrochloride 

Sod ium chloride 

Vi tamin , mineral supplement t 1 
Chol ine chloride ( 50%)  

Nutr ient 

Crude pro t ein 

Lys ine 

Calcium 

Phosphorus 

Sodium t 2 

t 2 Potassium 

Chloride t 2 

Apparent diges t i b l e  energy 

( MJ /Kg air-dry weigh t )  

Composit ion 
( g / Kg air-dry weight ) 

400 . 4  

324 . 0  

99 . 0  

80 . 0  

20 . 0  

29 . 0  

1 3 . 0  

20 . 0  

0 . 4  

1 . 2 

3 . 0  

8 . 0  

2 . 0  

Compos it ion 
( g / Kg air-dry weigh t) 

1 68 . 0  

1 0 . 0  

1 7 . 5  

8 . 1  

1 . 9 

5 . 2  

5 . 1  

1 3 . 7 

t 1 Tasmix ; Pig grower , vitamin mineral premix ( Tasman 

Vac c ines L td . , Auckland , New Zealand . )  

t 2 Det erm ined value.  
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periods . 

Prior to chemical analysis t he faecal ou t pu t  of each pig wa s 

thawed , thoroughly mixed and a representative sample was taken . Sam

ples of all  diets  were taken at each f eed ing t ime over t he f ina l eight 

days of the trial and bulked . Representative sub-samples of each 

diet were kept in deep f reeze ( -20 °C)  unt il requ ired for chemical 

analysis . 

Food and faecal samples were  analysed for dry ma t t er , organic 

mat ter ,  total  nit rogen and gro ss energy and samples of urine wer e 

analysed for total nit rogen , urea and gross energy (refer I . 2 . 2 . v ii) . 

The fol lowing var iables were det ermined : 

l .  Apparent d iges t ib ility  values for die tary dry ma t ter , 

organi c  matter , total  nit rogen and gross energy . 

2 .  Metabol isab ility  values f or dietary total nitrogen 

and g ro s s  energy . 

3 .  Daily urinary urea and total nit rogen ou t puts  expressed 

on a basis  o f  metabolic bodyweight , W0 " 75 (mean l iveweight 

over the s ix days of  urine collec t ion ) .  

( d )  S tatistical  analvs i s .  In deciding upon the  expres

sion of  urinary urea and nitrogen excret ion s  on a l iveweight basi s ,  

data f rom a l l  the experiments reported in part one o f  this  thesis  

were analysed to d e termine the most  appropriate  exponent of  l ive

weight . Urinary nit rogen and urea exc ret ion data and the respec t ive 

animal l iveweights  were transformed by taking natural logarithms . 

The transformed data were subj ec ted to l inear r egress ion analysis  

(Pfaffenberger and Pat t erson , !977 )  and the slopes o f  the  regres s ion 

l ines along with  their standard deviat ions were  calcu lat ed . The l ive

weight ranges were v ery narrow , however , and the error of liveweight 

measurement is  relatively large . Correlat ion coef f icien t s  were cal

culated which s howed that , at least  for the present sets  of data , 

there was very l it t le relat ionship b etween urinary urea or nitrogen 

excretion and l ivewe ight . This resu lt was no t unexpected and indic

at es  that a larger range of  liveweight would be required to estab l i sh 

the exponent o f  l iveweight relevant for the expression of urinary 



excret ion . 

In this case , and with the desi re to be able to readily  compare 

the data with determina t ion s made by ot her worke rs , the commonly

accepted exponent of 0 . 75 was chosen . 

The digest ibil ity  and metabol isability  data along wit h urinary 

total  nit rogen and urea outpu ts were subj ec t ed to analysis of  var

iance ( Snedecor and Cochran, 1 9 8 0 ) . One example of this analysis  is 

given in Appendix 1 . 1 .  

( i i i )  Resul t s .  

There were no food refusals in either repl icate  o f  the 

t rial and a l l  pigs appeared heal thy . 

No s t a t i s t ically  s ignif icant in teract ions between rep l icates 

and treatments  were d emonstrated for any of the recorded variables . 

Also , there were no s tat ist ically signif icant d i f f erences between 

rep l icat es for the variab les , except ing daily urinary nit rogen and 

u rea excre t ions . Thus , results  present ed for a l l  variabl e s  other 

than daily urinary n itrogen and urea excret ions are average values 

over the two replicates , for pigs on the same dietary trea tmen t .  

Digest ib il ity  values for dietary dry mat ter ,  organic mat t er , 

total  nitrogen and gross energy are given in Table 1 . 2 . 7 ,  and the 

metabol i sab ility  values of  dietary to tal nitrogen and gross energy 

are presented in Table  1 . 2 . 8 . 

3 6  

There was no stat istically signif icant  e f f ect of  d i etary elec tro

lyte l evel on the d igest ion of d ry ma t ter , organic mat t er ,  total nitro

gen and gross  energy , nor was t here any statist ica l ly signif icant 

e f fect  on t he metabolism of  total nitrogen and gross  energy . 

Dail y  urinary total nitrogen and urea excretions  are g iv en in 

Tables  1 . 2 . 9  and 1 . 2 . 1 0 .  As the differences between r eplicates  for 

these variables were stat is t ically s ignif icant (P < O .OS)  the results 

are presen t ed as  mean values of two pigs per treatment in each of  

the replicates . 



Table 1 . 2 . 7 Mean apparent faecal digest ib il ity values det ermined 
+ + -at three dietary levels o f  the (Na + K - Cl ) f actor . 

Dry mat t er 

Organic mat t er 

Total nitrogen 

Gross energy 

+ + 
(Na + K - Cl ) factor Pool ed 

(m.  eq . / 100 g diet )  S .  E .  o f  
treat-
ment 

4 . 5  7 . 2  2 1 . 8  means 

0 . 824 0 . 82 1  0 . 82 3  0 . 006 1 

0 .  84 8 0 . 848 0 . 84 5  0 . 0056  

0 . 84 8  0 . 867 0 . 84 3  0 . 0084 

0 .  82 5 0 . 834 0 . 82 4  0 .  00 7 3  

Signif icanc e 

level t 

NS 

NS 

NS 

NS 

t I n  this and subsequent tables , N S  not s ignif icant ; 

* p < 0 .  05 ; 

* *  p < 0 .  0 1 ; 

* ** p < 0 .  00 1 . 

Table  1 . 2 . 8  Mean metabol isab il ity valuest determined at three 

To tal 

Gross 

nit rogen 

energy 

+ + -dietary l evels o f  the ( Na + K - Cl ) factor . 

(Na 
+ + 

+ K - Cl 

(m.  eq . / 100 g 

4 . 5  7 . 2  

0 . 55 1  0 . 56 7  

0 . 80 3  0 . 809 

-
) f ac tor  Pool ed 

diet )  s .  E .  of  Signif icance 
treat-
ment l evel 

2 1 . 8  means 

0 . 553  O . OO l l  NS  

0 . 799  0 . 00 7 1  NS 

t I ntake of  metabolite  - faecal output of  metabol i t e  -

urinary output o f  metabo l i t e  

Intake of metabolite  

3 7  



Tab le 1 . 2 . 9  

Rep l i cate 

1 

2 

Tab le I .  2 .  10  

Repl icate 

1 

2 

Mean values of  daily urinarv total n i t rogen exc ret ion 

(g/Kg0 • 7 5 ) at  three dietary level s  of  the  
+ + -

(Na + K - C l  ) f a c to r .  

+ + 
( Na + K - C l  

(m . eq . / 1 00 g 

4 . 5  7 . 2  

0 . 84 0 . 85 

0 .  7 5  0 . 83  

-
) f a c t o r  

diet ) 

2 1 . 8  

0 . 82 

0. 7 8  

Pooled S . E . S i gni fican ce 

o f  
level t reatmen t (between 

means t reatmen t s )  

0 . 020 N S 

M 1 f d · 1  · . (g/Kg0 · 7 5 ) ean va ues o al  y urlnary urea exc ret lon _ _ 
+ + -

at three dietary l evels of  the ( Na + K - Cl ) fac tor . 

(Na  
+ + 

+ K - Cl 

(m .  eq . / 100 g 

4 . 5  7 . 2  

1 .  50 l .  60 

l .  2 8  l .  4 4  

) factor  

diet ) 

2 1 . 8  

l .  5 3  

1 .  3 6  

Poo led S . E . S ignificance 

o f  treatment l evel 
( between 

means trea tments )  

0 . 050 ,, s , ,  

Dietary electrolyte  level had no s t atistically s ignif icant effect 

upon urinary t otal nitrogen or  u rea excret ion . There was a tendency ,  

however ,  for the excret ion of  urina ry total nit rogen and urea to be  

h igher at the int ermediate val ue o f  the  dietary electrolyt e  facto r .  

( iv)  Discuss ion . 

38 

Al though no s tatistically s ignificant t reatment ef f ects  were 

demons t rated , it should be  appreciated that the diets were only fed to 

the pigs for 13 days and effects  may become apparent over longer feed

ing periods . A browth s tudy with chickens (Johns , 1 9 81 ) in which an 
+ + -

opt imum dietary (Na  + K - Cl ) factor was estab l is hed , entailed a 
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2 8-day feeding perio d .  

O f  particular s igni fi cance are the relat ively lower excret ions 

of urinary u rea and total  nit rogen recorded in the second rep l ica t e  

of the s t udy . As it  was endeavoured t o  ma intain a cons tant environ

men t between repl icates and the experimen tal animals for both repl ic

ates were taken at random from a large weaner pool , this res u l t  

s ugges ts tha t urinary urea and t o tal n i t rogen exc ret ions were s ensit

ive to apparently  minor variat ion in  environmen tal  and /or anima l 

factors . 

+ + Overall ,  i t  would appear that variat ion of the ( N a  + K - Cl- ) 

factor between 4 . 5  and 2 1 . 8 m . eq . / 1 00 g o f  a cereal-based diet does 

not affect  energy or ni t rogen me tabolism in the growing pig when the 

diet is fed to  pigs for  the durat ion of a short-term metabol ism t rial .  
+ + -Un fort unately data on the  influence of  the (Na + K - Cl ) factor on 

pig  perfo rman ce are spars e .  Aus t i c  et a l .  ( 19 82 ) , however ,  who inves-
+ + -

t i gat ed variat ion in the ( Na + K - Cl ) factor ranging f rom - 1 0  to  

+50 m . eq . / 100 g diet  on  the  performance o f  growing p igs over a 35-day 

period reported  no dif fe rence in the rat e  or e f f ic i ency of l iveweight 

ga in . These  workers concluded that a ( Na+ + K+ - Cl-) factor of + 1 0  

m . eq . / 100 g d i e t  provi ded  a safe  l eve l o f  dietary electrolyt es f o r  the 

growing pig .  

An associat ion b e tween the  d ie t a ry l evel of  potass ium and the  

utilisat ion of  lys ine in  pi g growth has  been shown ( Liebholz  et a l . , 
1 9 66 , and Hadub uike et a l . , 1 9 80 )  but  the effects  of potass ium ion 

s upplementation were obs erved only at low diet ary lys ine l evel s . 

The b asal  diet  ( cas ein , amino acid)  wh ich was propos ed for use in 

the main invest igat ions  o f  the present  s tudy supp l i ed adequate  lys ine 
+ + 

and had a dete rmined (Na  + K - Cl ) factor o f  1 6 . 8  m . eq . / 100 g d i e t . 

In acco rdance w i th the f indings of  this  preliminary s t udy i t  was assumed 

that electro ly t ic  changes associated  with amino acid supplementat ion 

of the basal d i e t  would not a ffect  the short-term n i trogen metabol i sm 

o f  the growing p i g .  



I . 2 . 4  Prel iminary S tudy Two : The I n f luence of the  Prot ein- free 

Energy Leve l of the Ba sal Diet  on Urinarv Urea Excretion 

in the Growing Pig .  

( i )  Introduc tion . 

As d is cussed in the review of  l i t erature ( I . 1 . 6 ) there is  

a fundamental  relationship between protein  and energy metabolism in 

the growing pig . The form of this  relat ionship i s  compl ex and has 

not been adequa tely quantif ied ( Boorman , 1 9 80 ) . Moreover , there is 

an increased requiremen t for energy to ma intain pos itive nit rogen 

balance associated with diets  con t a ining high levels of  synt het ic 

amino acids as opposed to bound prot eins (Rose , Coon and Lambert , 

1 9 5 4 , and Levei lle  and Fisher , 1 9 5 8 ) . 

I t  was proposed , therefore , to und ertake a study to ascertain 

whether the  protein- f ree energy level suppl ied by the basal ( casein , 

amino acid)  diet  was adequate  to minimise the ca tabol ism of dietary 

amino acids . Urinary urea excretion was measured because  urea prod

uction is directly related to t he rate  of amino acid d eamination . 

( i i )  Experimental procedure . 

(a )  Treatments . The basal diet was formula t ed as d es-

c ribed ( 1 . 2 . 2 . ii i )  and one of a higher energy content  ( h er eaf ter 

referred to as the experimental  diet ) was a l so prepared in which part 

of the maize s tarch in the basal diet was replaced with maize oil  and 

sucro s e .  The ingredient compositions of the basal and experimen tal 

diets are given in Tabl e 1 . 2 . 1 1 .  
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The d i et s were prepared i n  a Hobart dough mixer . The gross ener

gy cont ents of the  basal and exper imental d i et s , as d e t ermined by bomb 

calorimet ry ,  were 1 5 . 62 and 1 6 . 20 KJ / Kg air-dry diet respectively . As 

the two d iets  were i sonitrogenous , two dis t inct  l evels of pr.otein-free 

energy were supplied . 

( b )  Animals  and hous ing.  S ix boars each  initially 

weighing approxima t ely 35 Kg liveweight were conf ined in  metabolism 

crates ( I . 2 . 2 . i ) .  



Table I . 2 . 1 1  Ingredient composit ions of the basal and experimental 

diets . 

Ingred ient 

Casein , amino acids 

Mai ze oil  

Purified cellulose 

Sucrose 

Ma ize starch 

Mineral , vitamin supplement t 

t Refer Table I . 2 . 2 .  

Composi t ion 

( g / Kg air-dry weight )  

Basal  d i et 

95 . 5  

30 . 0  

33 . 2  

66 . 6  

7 36 . 8  

3 7 . 9  

Exper imental diet  

9 5 . 5  

60 . 0  

3 3 . 2 

86 . 6  

686 . 8  

3 7 . 9  

( c )  General conduct of  s tudy. Three boars were al loca t ed 

at random to  each o f  the two dietary treatments . Aft er weighing , the 

boars were f ed the diets for an accustoming per iod of four days fol

lowed by a further four-day per iod during which urine was collected . 

Individual l iveweights were recorded at the commencement and termin

ation of the urine collect ion per iod . Feed intake was f ixed through

ou t the study and was apportioned according to metabolic liveweight 

( I . 2 . 2 . iv ) . The daily food allowance was split-fed at 0 8 . 30 h and 

1 6 . 30 h .  Each meal was mixed wi th wat er ( 500  cm3 ) �efore f eeding and 

was followed by 1 000 cm 3 of wat er a f t er the  consumpt ion of each meal . 

Daily  u rine outputs were collected and bulked over each consec

utive two-day period ( I . 2 . 2 . v i )  and representative samples were ana l

ysed for their u rea cont ent s ( I . 2 . 2 . vii ) . Mean liveweights of the 

boars over the  four-day urine col lect ion period were calculated and 

daily urinary u rea excreti ons rela t ing to each two-day period were 

expressed per Kg of metabol i c  l iveweight (W 0 " 7 5 ) .  

( d )  S tatistical analysis . Urinary urea excretion data 

were subj ected to analysis  of variance as for a split  plot design 

(Federer , 1955) . An example of the analysis  of  variance is  g iven 

in Appendix 1 . 2 .  

4 1  
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( i ii)  Results  

The diets  were ea ten readily by the pigs and no spil lages 

or ref usals occurred.  Mean da i l y  urinary urea excret ions on the two 

d iet s are presen t ed in Tab le 1 . 2 . 1 2 .  As urinary urea ou tput d i f fered 

signi f i cant ly (P < 0 . 0 1 )  between the two consecutive collect ion periods 

the  mean res ult  of three pigs per treatment is given for each period . 

Tab le 1 . 2 . 12  Mean daily urinary urea excret iont (mg/ Kg0 " 7 5 ) o f  

pigs f ed at two dietary gross  energy levels .  

Basal diet  Experimen tal diet 

Per iod ( 1 5 . 62 MJGE/Kg) ( 1 6 . 20 MJGE/Kg)  

Significance 

level 

1 

2 

3 7 8 . 34 348 . 2 1 NS 

30 7 . 6 1  2 9 6 .  1 0  NS 

t The dif ference between the t reatment means ( pooled over 

periods )  was 2 0 . 82 mg urea/Kg 0 " 7 5 / d .  The s tanda rd error 

of  the d i f ference was 9 1 . 5 7 .  

The d i f ference between the period means ( pooled over 

t reatmen t s )  was 6 1 . 67 mg urea /Kg 0 " 7 5 / d .  The s tandard 

erro r of the d i f ference was 1 6 . 12 . 

Although urinary urea excret ion t ended to be lower for the high

energy diet there was no statist ically signi ficant effect  of d ietary 

energy level on the excretion of  urinary urea . 

( iv) Dis cuss ion 

Even though mean urinary urea excret ion on the two d iets  

was not s tatistically s ignif icantly  different , there was never thel ess  

a large and s tatis t ically s ignificant difference in urea excretion 

between the two urinary col lection periods . Also of not e is that the 

d i fference in urinary urea output between the treatment means in p er iod 

one was much greater compared with that in period two . These r esults 

indicate that the duration of the accustoming period was too short for 



the anima ls t o  comple t ely adj ust  to the s ynthetic diet s and also sug

ges t that had the experimen t b een cont inued , the d i f ference between 

the treatment means may have decreased further.  

Low ( 1 9 8 1 )  found no change in the ra te o r  effi ci ency o f  amino 

acid use as adj udged by growth charac t e ri st ics , when a s t andard pig 

growe r diet was supplemented with  either  maize  oil  or s t arch . The 

gross  ene rgy intakes for pigs fed the grower diet  we re s imilar t o  

those fo r pigs fed the  b asal d i e t  in t h e  present study . Also , com

pared to convent ional diets  the pro t e in- free energy component o f  the 

b asal diet was highly digest ible  ( 0 . 960  apparent faeca l digest ibil ity  

o f  gross ene rgy ; re fer  Tabl e  1 . 2 . 3 ) .  

Cons iderat ion o f  the present f indings and those o f  Low ( 1 9 8 1 ) 

led to the conclus ion that  the  ene rgy level provided by the  basal 

di et was adeq uate to  minimise  the cat abolism of dietary amino acids . 
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1 . 2 . 5 P ilot Trial : The Es t imat ion of  the Urinary Total Ni trogen 

Excretion o f  Growing Pigs Fed the Basal Diet . 

( i )  Int roduct ion.  
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Having established the adequacy o f  the electrolyte balance 

and protein- f ree energy cont ent of the basal ( casein , amino acid) diet , 

a pilot trial was conduc ted to ascertain the ur inary total nitrogen 

excretion of  pigs f ed this diet . Considerat ion of the d egree of rel

ationship between t he urinary nit rogen excret ion of pigs f ed the basal 

d iet and literature est imates of  endogenous urinary nit rogen loss per

mi t ted a decision as to the direc tion o f  fur ther experimental work . 

( i i )  Experimental procedure . 

( a )  Animals and hous ing.  Six boars each ini t ially 

weighing appr oximatel y  35 Kg l iveweight were conf ined in metabol ism 

c rates ( I . 2 . 2 . i) .  

( b )  General conduct of s tudy .  The s ix boars were f ed 

the  basal diet  for a s even-day accus toming p eriod . Food intake was 

apportioned according to metabol ic l iveweight ( I . 2 . 2 . iv) and the  pigs 

were split-fed their daily rat ion at 08 . 30 h and 1 6 . 30 h respec tively , 

water ( 1500 cm 3 ) b eing given al�ng wi th  the meal at each f eeding t ime . 

Following the accustoming period the boars were reweighed ( although 

f ood intake was not adj usted )  and placed on t es t .  Daily ur ine exc ret

ion was col l ec t ed over a four-day period and the boars were weighed 

at the end of this  period . Representat ive  urine  samples were anal ysed 

for their total nitrogen cont ent ( I . 2 . 2 . vi i ) . Individual mean live

weights over the four-day collect ion period were calculated and daily 

urinary total nitrogen excret ions were expressed per Kg of  metabolic 

l iveweight (W0 " 7 5 ) .  

( ii i )  Result s .  

One b oar was removed from test  suspected to b e  suf fering 

f rom a mild ent er i t i s  condition . The remaining f ive boars consumed 

the  diet readily and no food refusal or spillage was encount ered . The 

mean urinary total n itrogen excret ion of  f ive boars f ed t h e  basal d iet 
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is  given in  Table 1 . 2 . 1 3 .  

Table I .  2 .  1 3  The mean urinary total nit rogen excret ion (mg/Kg 0 •  7 5/ d )  

o f  pigs f ed the basal d iet . 

Urinary nitrogen excret ion 

Number of pigs Mean S . D .  

5 2 2 1 . 0 3 19 . 9 1 

( iv) Discussion . 

The mean es t imate of  urinary total nit rogen excretion of  

boars f ed the  basal d iet (Table  1 . 2 . 1 3 )  may be compared wi th estimat es 

of endogenous urinary t otal nitrogen loss  taken from the literature . 

Some recent es t imat es o f  endogenous urinary nit rogen loss are pres

ent ed in Table  1 . 2 . 1 4 .  

Table I .  2 .  1 4  Est imates  o f  the endogenous urinary nitrogen loss of 

growing pigs . 

Endogenous urinary nitrogen 

(mg / Kg 0 · 7 5 / d )  t Source of est imate  

150  

1 70 

1 80 

2 10 

Fuller & Cro f t s  ( 19 7 7) 

D ' Mello , Peers & 
Whi t t emore ( 1 9 76 )  

��i t t emore & Fawcett  
( 19 76 )  

Whi t t emore ,  Tull i s  & 
Has t ie ( 1 9 78 )  

t Approx imate  values calculated f rom the 

publ ished e s t imates  
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The 95% conf idence limits for the urinary total nitrogen excret ion 

of boars fed the basal diet in the present trial are 1 9 6 . 3 1 and 2 45 . 80 

mg/Kg 0 • 7 5 /d . Th is implies that the int erval 1 96 . 3 1 to 245 . 80 includes 

the true mean with a long run frequency of  95% . The estima te of  endo

genou s urinary nitrogen loss (Wh i t t emore e t  al . , 19 78)  is also covered 

by this interval . I t  may be concluded , therefore , that the mean urin

ary n i t rogen excret ion of pigs fed the basal d iet in the present 

s tudy is unl ikely to be statistically s ignif icantly d i f f erent f rom a t  

least t h e  latter es t imate of endogenous urinary nit rogen excretion . 

further , the average dietary protein intake for a boar ( 42 . 7  Kg 

liveweigh t )  in the present trial was 1 2 2  g /d .  As suming a value for 

endogenous urinary n i t rogen exc ret ion of 1 7 7 . 5  mg /Kg 0 · 7 5 /d (mean of  

the  literature e s t imat es , Table  I . 2 . 1 4 )  it  is  calculated that 0 . 03 7  

o f  die tary amino acid intake was deaminated . I t  is considered there

fore that the basal d ietary crude protein was util ised with an 

e f f iciency of around 0 . 96 .  The dif f er ence between the urinary nitro

gen excret ion of  pigs f ed the basal diet  and any of  the l i terature 

e s t ima tes o f  endogenous urinary nitrogen excret ion is  smal l  in rel

ation to the level of  dietary nitrogen intake (a maximum of 0 . 05 

o f  the basal dietary protein may have been d eamina ted) . I t  is  also 

likely that any imbalance wil l pertain to  several of the essential 

amino acids rather than one amino acid in par t icu lar . Thus the level 

of  urinary n i t rogen exc ret ion associat ed with such minor d egrees of 

imbalance would be very dif ficult to detect exper imentally . 

I t  is  concluded that ca tabolism o f  the basal d i etary amino ac ids 

was very l ow and the excret ion of  urinary n i t rogen for pigs f ed the 

basal diet was largely derived f rom the  catabolism o f  body protein . 

The amino acid balance of  the basal d iet is  as sumed to be  close to 

ideal . For these reason s ,  experimentat ion involving the addi t ion or 

removal o f  amino acids to and f rom the basal d iet  in an attempt to 

obtain a more  precise  e s t imate  of  ideal amino acid balance , cannot 

be j us t i f ied . 

Due to  the nature o f  a pilot trial  the above conclusion mus t  b e  

int erpreted with a certain amount o f  caut ion . In this light i t  was 

cons idered thorough to f urther verify these ini t ial f indings with a 

more detailed study . 



I .  2 .  6 Main S tudy :  Det ermina tion of  t h e  Irreducible Min imum 

Urina ry Urea �itrogen Lo ss of the Growing Pig 

( i ) Introduc t ion . 
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Following on f rom the previously reported pilot trial , a 

maj or inves tigat ion was under taken in which an e s t ima te of  the urinary 

urea ni trogen ex cret ion of pigs f ed the basal diet  was compared with 

an es t ima te of  the urinary urea nitrogen excret ion of the same pigs 

f ed a prot ein-free  diet . The excret ion of  urinary urea n i t rogen on 

a protein- free di et was accepted as synonymous with ' endogenous ' 

urinary urea nitrogen loss . 

The term endogenous urinary expendi ture usually refers to the 

relatively s ta t ic period of n itrogen excret ion for animal s  f ed a 

protein-f ree diet t hat  succeeds catabo l i sm of  the lab ile prot eins 

and is related to that of  the mob i]Sable  prot eins ( Peret and Jacquot , 

1 9 72 ) . I t  has been sugges ted , howev er , (Waterlow and S t ephen , 1 9 6 6 , 

and Waterlow ,  1 968 )  that the concept o f  labile prot ein reserve has  no 

phys iologi cal basis  and that the losses  or gains in n i t rogen ob served 

when intake is altered rather represent a lag in metabo lic adj ustments . 

Moreover , the excretion of  urinary n itrogen for animals f ed a pro tein

free diet is  not constant but dec l ines with time in an approxima t el y  

exponent ial manner ( Holmes , 1 965 ) . Endogenous expend iture should be  

viewed as a convent ional idea , relying  upon measurement f o llowing an  

empirically def ined t ime period ( Brody , 194 5 ) ; 

Of  primary int erest in the present s tudy was the excret ion of 

urinary n i t rogen in the ac t ively growing pig , d erived from sources 

other than t he catabol ism of  dietary amino acids . The t erm " irreduc

ible  minimum ur inary nitrogen loss" ( Full er et a l . , 1 9 79a)  seems 

pref erable to that of " endogenous loss" for desc r ib ing such excret ion . 

Recent research on laboratory animal s  and man ( Mi llward , Garlick , 

James , S ender and Waterlow , 1 9 7 6 )  sugge s t s  that the  irreducible min

imum urinary n i t rogen loss  may depend not  only on lean body mas s  but 

also on daily prot e in intake which inf luences the rate  of protein 

t urnover.  Thus , the amount of  nitrogen excreted daily by  pigs at 

z ero nitrogen intake may underes timat e  the amount which would 



inevi tably be lo s t  f rom the t i ssues o f  growing animal s .  

Never theles s , in the face o f  a lack o f  reliable  a l t ernate  meth

ods , it  was decided in the present s tudy to es t ima t e  the irreducible 

minimum urinary urea and total nit rogen excret ion by f eed ing t he 

growing pig  a pro t ein-free d i et for a shor t period of t ime .  The d if

f erence be tween the ur inary urea nitrogen exc retion of  pigs  f ed the 

basal d iet and irreducible minimum urinary urea nitrogen excretion 

was taken as a measure of the adequacy of the basal d ietary amino 

acid b alance . Wi th  respect to the possible und erest imat ion of irred

uc ible minimum urinary urea nitrogen excret ion , the est imat e  of the 

e f f i ciency of u t il isat ion of the basal prot ein may be regarded as a 

minimum value.  

( i i )  Exper imental procedure . 

( a) Animal s and housing.  Eight boars each initially 

weighing approximat ely 28  Kg liveweight were confined in metabolism 

cra t es ( I . 2 . 2 . i ) .  

( b )  Die t s  and f eed ing leve l .  The basal d iet  was formul-

ated as described in Sect ion I . 2 . 2 . iii  and a pro tein-f ree diet  was 

a l so formula t ed by removing the cas ein , amino acid component f rom the 

basal d iet  and adding a small amount of di-calcium phospha te . The 

ingredient composi t ion of the prot ein- f ree d iet is given in Table 

1 . 2 . 1 5 .  Bot h  d i e t s  were  prepared i n  2 5  Kg batches following t he 

weighing o f  ingredi ents  and the ir sub sequent mixing in a Hobart 

dough mixer . 

Table  I .  2 .  1 5  I ngred i ent compo s i t ion of the prot ein- f ree  diet . 

Compos it ion 
Ingredient ( g / Kg air-dry weight ) 

Maize  oil  

Puri fied cellulose 

Maize s tarch 

Sucrose  

Di-calc ium phospha t e  

4 8  

Minera l , v itamin supplement t 

3 3 .  1 

36 . 6  

8 12 . 2  

7 3 . 1  

3 . 0  

42 . 0  ( t Refer Table 1 . 2 . : 
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The f eed ing scale  of  the  basal d iet  was  the  same as  in  the  pilot 

trial ( refer I . 2 . 2 . iv)  and that of  t he prot ein-free d i et such as  to 

ensure provis ion of the same quantit ies  of all nutrient s ,  except prot

ein , as in the basal d iet . 

( c )  G eneral conduct of  s tudy. Once  habitua t ed to the  

metabol ism crates , the p igs were introduced to the basal diet  and  this  

was fed for a 1 4-day accus toming per iod . In  an a t t empt to randomi se 

uncontrolled env ironmental e f f ect s ,  whi ch had influenced t he ou tcome 

of urinary urea and n i t rogen excretions  i n  t he f irst  pr el iminary t r ial 

( I . 2 . 3 ) , the s tart ing t ime for the  accustoming per iod was phased ov er 

eight days , w ith each of the eight boar s  commencing the period on a 

different day.  

At the mid-point of its accustoming period each boar wa s weighed 

and intake of the basal diet was adj u s t ed accord ing to l iveweight . 

At the terminat ion of  the accustoming periods l iveweights  were again 

record ed and the pigs were placed on t es t  for s ix-day periods with no 

adj ustment of the feed ing level of  the basal  d iet . During the  s ix

day experimental per iods each boar ' s  urine  output was  col lected dai ly , 

wei ghed , b ulked and s tored as described previously ( I . 2 . 2 . vi ) . 

Immediately following the t erminat ion of the u r ine collect i on 

period each boar was weighed and thereaf t er fed a prot ein- free d i et 

for eight days , dur ing which u r ine excret ions were again collec t ed 

daily , weighed and s tored separately .  Each boar was weighed upon 

conclusion of i t s  e ight-day experimenta l  period . Throughout the 

s tudy the daily d ietary allowances were mixed with wa t er ( 1500 cm3 ) 

and split- f ed a t  0 8 . 30 h and 1 6 . 30 h .  P rovision was mad e for the 

col lection of spillages and r efusals ,  but  nei ther present ed a problem .  

Representat ive samples of u r in e  were analysed f o r  their cont ent s 

of urea , total nitrogen and creatinine  ( I . 2 . 2 . vi i ) . The coef f icient 

of variation of  daily creat inine excret ion for each pig was calculat ed 

f rom data relat ing to the  14 days of urinary collect ion , and t he mean 

coeff i c i ent o f  variat ion pertaining to t he eight pigs  was taken as  

an  indication of  the  completeness o f  urine collect ion ( P i erro and 

Johnson, 1 9 70 , and Das and Wat erlow, 19 7 4) . 
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Mean daily  excre t ions of  ur inary urea  and urinary urea and total 

ni trogen on the basal d i et were calculated and express ed per Kg of  

metabolic l ivewe igh t (W0 " 7 5 ) .  Urinary urea nitrogen ou tput  was deter

mined from the corresponding urinary urea excret ion on the basis  tha t  

one g urea con tains 0 . 4 6 7  g nitrogen . The mean daily exc ret ions o f  

urinary urea and urinary urea and total nitrogen on the prot e in-f ree  

d iet were calculat ed f rom urine outpu t s  over days  two to  s even inc lus

ive , of the eight-day collect ion per iod , and these were expressed per 

Kg of  metabolic l ivewe ight (W0 " 7 5 ) .  

( d )  Stat i s t ical anal y s is . D i f f erences between mean 

daily exc ret ions of urinary urea and urinary urea and to tal nit rogen 

on the basal and pro t e in- free  diets  were subj ected to a paired t-test  

( Pfaf fenberger and Pat t erson , 1 9 7 7 ) . 

( ii i )  Resu l t s .  

Ind ividual l iveweights  o f  t h e  boars at  t h e  beg inning , 

mid-po int and end o f  the 1 4-day urinary co llect ion period s are given 

in Table  1 . 2 . 1 6 .  

Liveweight change was pos i t ive f o r  all  p i g s  over t h e  s ix-day 

period they received the basal diet , and thereaf ter the pigs maintained 

or  s l ightly increased l iveweight during the eight days they were fed 

a pro tein-f ree d ie t . 

Mean daily ur inary crea t inine excretion for the e ight boars ov er 

the total ur inary co llec t ion period was 1 05 mg /Kg 0 " 7 5  and the coef

f i c ients  of  var ia t ion for individual pigs over this p er iod ranged 

f rom 7 . 8  to 1 3 . 5% .  The mean coe f f i c i ent of  varia t ion of daily  ur inary 

crea t in ine excret ion over all  pigs was 10 . 4% .  

Mean daily excre t ions o f  ur inary u r ea and urinary urea and total 

n itrogen on the basal  and prot ein-free  d i ets  are g iven in Tab le  1 . 2 . 1 7 . 



Table I .  2 .  1 6  

Table  1 . 2 . 1 7  

Urea 

Urea 

Liveweight s  of  t he boars during the urinary collec t ion 

periods . 

Livewe igh t ( Kg) 

Pig .  No . Day 1 Day 7 Day 14  

1 34 . 0  3 7 . 5  38 . 5  

2 38 . 0  4 1 . 3  42 . 6  

3 3 3 . 5 3 8 . 5 39 . 0  

4 36 . 5  4 0 . 0 40 . 0 

5 4 0 . 0 4 3 . 0 4 3 .  1 

6 4 0 . 0 4 4 . 0  4 4 . 9  

7 45 . 2  46 . 5  4 7 . 0  

8 36 . 5  4 0 . 2 4 0 . 2 

Mean daily urinary excret ions (mg/Kg0 • 7 5 ) of  urea , 

urea nit rogen and total  nitrogen for pigs f ed the 

basal and prot ein-free d ie t s . 

Diet 

Basal Pro t e in-free 

Mean SE Mean SE 

1 9 8  19 . 0  4 2  6 . 0  

n itrogen 9 3  8 . 8 1 9  2 . 8  

To tal nitrogen 2 1 3 9 . 9  109  6 . 0  

D i f f erences  between the mean excret ions on the basal and prot ein

f ree d iets  were s tatist ically s ignif i cant (P  < 0 . 00 1 )  for each o f  the 

urinary metabol i t es shown in Table  1 . 2 . 1 7 .  

5 1  



( iv) Discuss ion . 

In acco rdanc e wi th the obj ec t ive of  the present experiment 

it wa s cr it ical that al l urine vo ided be col l ec t ed .  To this  end the 
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boars were kep t in metabo l i sm crates which had been adapted to ensure , 

a s  far as was po ssible , complete  ur ine col l ec t ion . I f  urinary col

l ec t ion was complete  it  is expec t ed that  the  day- to-day variat ion in 

u rinary creat inine excret ion wou ld be  low . Cal culat ion of  the coef

f icient of  variat ion of  d ai ly ur inary c reat inine excret ion thus prov

ides a check for the completeness of u r ine  col l ec t ion.  

The present e s t ima te  of  daily  ur inary creat inine excret ion is in 

close  agreement with  the publ ished est imates  of  Auls tad ( 1 970 ) , Dugga l 

and Eggum ( 1 9 78) and Bat e  and Hacker ( 1 98 1 ) . Fur thermore , in accor

dance with the  f ind ings of Kumar , Land and Boyne ( 1 959) , Wat er low , 

Neale , Rowe and Pal in ( 1 9 7 2 ) , Das  and Wa t erlow ( 1 9 74 )  and Rand , 

Scrirnshaw and Young ( 198 1 ) , the mean coe f f icient of  varia t ion of daily 

u rinary creat inine excret ion calculated over the eight pigs in the 

present s tudy , suggests  complete  urine col l ec t ion.  

Between-animal variat ion in urinary urea excret ion wit hin treat

ments  was high , which was also observed by Fu l l er et a l . ( 1 9 79a)  when 

determining the o p t imal amino ac id suppl ementat ion of bar l ey for the 

growing pig.  They r eported a mean rate of  urinary n i t rogen excret ion , 

a f t er progressive d ietary supplementat ion ,  of  270  mg N / Kg 0 • 7 5 /d which 

can be compared with  that of 2 1 3  mg N / Kg 0 • 7 5 /d for p ig s  f ed the basal 

d iet in the present s tudy . 

The present est imat e  of  daily  ur inary nitrogen excret ion ( 1 09 mg/ 

Kg 0 • 7 5 ) for p igs  fed  the pro t e in-f r ee d iet  is low in compari son with 

values of 150 and 1 70 mg/Kg0 • 7 5  repo r t ed by Fuller and Crof t s  ( 1 9 7 7 )  

and D ' Mel lo e t  a l .  ( 19 76 ) , respec t ivel y .  Mean daily urinary urea 

n i t rogen excret ion o f  pigs  f ed the  p ro t e in-free d iet  in the present 

I o . 7 5 h 1 f 3 1  /K o . 7 5  . s tudy ( 19 mg Kg ) i s  a l so lower t han t e va ue o mg g g1ven 

by D ' Mello et a l .  ( 19 76 ) . Fur thermore ,  u r ea n i trogen excret ion com

prised 0 . 43 of  total  nitrogen excretion for pigs  f ed the  basal diet  

in t he present  study  and declined t o  0 . 1 8  of  total  n i trogen excret ion 

following their t ransfer  to a pro t e in-free  diet . 



Under a protein-free feeding regime for the growing p i g  D ' Mello 

e t  a l .  ( 19 76 )  also no ted that urinary urea nitrogen was 0 . 1 8 of  

urinary total nit rogen whi l e  according to Platt  and Heard ( 1958)  the 

proport ion of  urinary total nitrogen present as urea nit rogen is less  

than 0 . 30 in  malnourished human subj ects . 

5 3  

The low exc ret ion of  urinary urea nit rogen for pigs f ed a prot ein

free diet after  receiving a well-balanced one is not cont rary to 

expectation . I f  ideal protein is  fed to pigs , at a sui tably low 

level , then by definition urinary urea excret ion refl ects  the deamin

at ion of  amino acids derived from the net d i f ference b e tween the 

rates of body pro t e in catabolism and resyn thes i s .  Mos t  amino acids 

l iberated by body protein b reakdown are reut ilised (Millward 

et a l . , 1 9 76 )  and it is expected therefore , that l iver enz)�es involved 

in deamination react ions will h�ve a low rate  of  activity when balan

ced protein is fed  to the growing p i g .  Upon inhib i t ion o f  t h e  balan

ced protein intake ( p rotein-f ree diet ) the rates of a c t ivity  of the  

enz)�es will decrease further and the init ially low urea  exc ret ion 

\\'ill  fal l resul tant  f rom a " shutt ing down" in the urea cycle (Mill\ .· ::rd 

e t  a l . , 1 9 76 ) . Further to this , Schmidt-N ielsen ( 19 7 7 ) d emonst rated 

that the mammalian kidney has the abi l i t y  to ret urn a greater fract ion 

o f  filtered  urea to the b lood when plasma urea levels a re low , as on 

a low protein diet , than when the levels  are high . 

I t  is  also post ulated  that under the f eeding of ideal p ro t ein the 

rate of activity of act ivating enzymes wh ich catalyse the f irs t s t ep 

o f  protein syn thes is  will  b e  high .  There i s  evidence ( Gaetani , 

Paolucci , Spadoni and Tomass i ,  1964 , and St ephen , 1 9 6 8 )  that the 

rate of  act ivi ty o f  these act ivating enzymes in the l iver increases 

when protein intake is  reduced . In addit ion , the h igh energy levels 

of the basal and p ro t e in-f ree  diets  will exert a pro t ein-sparing 

effec t .  Fuller  and Cro f t s  ( 19 7 7)  predi ct  that at  a maximum attainable 

st arch intake for the  growing pig  the  reduct ion in urinary nit rogen 

excret ion is 0 . 60 of fasting nit rogen loss . 

In the p resen t  s t udy , the d i f f erences in mean daily urinary t otal 

nit rogen excre t i on b etween p igs fed  each of the two diets  was 104 mg/ 

Kg 0 " 7 5 and the d i f ference in daily urinary urea nitrogen excret ion 

was 74 mg/ Kg0 " 7 5 • In this inst ance the e s t imated d ecrease in daily 



ur inary total  nitrogen excre tion unexplained by a decrease in urinary 
. . 30 /K 0 • 7 5 b . urea n 1 t rogen excret 1on was mg g which a l though e1ng s t at-

istica l ly  signi f icant ( P  < 0 . 0 1 )  represent s only 0 . 2 9  o f  the decrease 

in urinary total n i t rogen excre tion . The maj or decrease in urinary 

total  nitrogen exc ret ion ( 0 .  7 1 0 )  was a t t r ibutab l e  to a dec rease  in 

urea nitrogen excret ion , and urea produc t ion , moreover , is direct l y  

rela ted to  the ra te o f  amino acid deamina t ion .  
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Accep t ing , for  the momen t , that the urea nitrogen excre t ion of  the 

p igs  fed the prot ein- f ree diet is repres en tative of  the irreducible  

minimum urinary urea nitrogen excretion , i t  can be  cal cu l a t ed that 

74  mg N / Kg 0 · 7 5 / d  may have been voided in the urine derived f rom the 

deamina tion of amino acids from the basal diet . I t  is pert inent to  

enquire if further reduc tion o f  ur inary urea nit rogen excret ion coul d 

have been att ained by  a l t erat ion of  the dietary amino acid balanc e .  

For a boar o f  4 0  Kg l ivewe ight ( mean l iveweight in present trial ) ,  

a daily urinary urea n i t rogen excretion o f  7 4  mg/ Kg 0 " 7 5 is a s s umed to  

be  derived f rom the d eaminat ion of  7 . 36 g prot ein , which equa t es with  

0 . 060 o f  the  daily dietary prot ein intake . This  impl ies that  d ietary 

basal  pro t e in was u t i lised  with an e f f i c i ency of 0 . 940 . Recognis ing , 

however, that the present value for irreducible minimum urinary urea 

nit rogen loss may be  underes t imated , then the  e f f i ciency fac tor for 

the u tilisat ion o f  the basal pro t ein (0 . 940 ) shou l d  be rega rded as a 

minimum value . Whi t t emore ( 1983 )  s tressed the need for a higher 

es timate of  i rreducible  min imum urinary n i t rogen l oss than that 

obtained by feeding a p rotein- free diet and sugges ted a value o f  at  

least  2 1 0 mg/Kg0 " 7 5 / d .  The lat ter es t ima t e  was  obtained by f eeding a 

pro t ein maint enance rat ion t o  the growing p ig (��i t t emore et a l . , 

19 78) . I f  this  es t imate  ( 2 1 0 mg K/Kg 0 " 7 5 / d )  is  used to correct the 

urinary total ni t ro gen excretion of  a 40 Kg boar fed  the basal diet  

employed in the present s tudy , i t  is pred icted  tha t  diet ary pro tein 

was u t i l ised wi th  an e f f i ciency of  0 . 99 7 .  

I t  appears , t hen , that  the basal pro t e in was ut ilised for growth 

wi th an e f f iciency of 0 . 940 or  greater .  On this basi s  i t  i s  concluded 

that  t he amino acid  balance of the basal diet  approximates  an ideal 

amino acid balance for  the  growing pig .  



The above dis cuss ion highl ights the  need for a more preci se  

method of  determining the irreduc ib le minimum urina ry nit rogen loss  

of  the  growing pig .  A seemingly more appealing approach to  that of  

feeding pigs  a prot ein- free diet is  the est imat ion of  urinary nit rogen 

excret ion at zero p ro tein intake from a l inear regress ion equation 

relating urinary nit rogen excretion to d i e ta ry prot ein intake 

( Berdani e r ,  B rush and Fisher , 1 96 7 ) . This approach , however ,  also 

pos es certain theore t i cal and prac ti cal p rob l ems ( Holmes , 1 965 ) . 

I t  mus t  also be  s t ressed that a key assumpt ion in the  pres ent 

s tudy is tha t maximum util isat ion of abs o rbed prot ein for growth , 

determined by minimum urina ry nit rogen exc ret ion , impl ies ideal 

dietary amino acid balance . Th is assumpt ion may be challenged for 

i t  is pos sible  that  ess ent ial amino acids may be t rans formed into 

non-es sent ial amino acids if the basal non-essent ial l evel is l ess  

than ideal . Supplementat ion o f  the basal diet  with non-es s ent ial 

amino acids coupled  w i t h  succes s ive removal of essential amino acids 

f rom the basal diet is  a suggest ed procedure merit ing further 

inves t igation.  

55 



I .  2 .  7 Concluding Discuss ion 

The f indings of the main metabo l ism s tudy ( I . 2 . 6 ) confirmed the 

resu lts  of  the  pilot  trial ( I . 2 . 5 ) in  demonstrat ing that the pro tein 

source of  the basal ( casein , amino acid)  d iet was util ised for growt h 

in the pig , with near-compl ete  eff icienc y .  
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In proposing the present study , some recently-pub l i shed e s t ima tes 

of  ideal amino acid balance for the growing pig were queried . I n  

spite  of  this i t  was not considered po s s ible  t o  improve t h e  amino acid 

ba lance of  a diet  in which the essent ial amino ac id balance was for

mulated around the empi rically derived balances of Lewis and Co l e  

( 19 7 6 ) , Ful l er et a l .  ( 1 9 79a)  and Low ( 19 8 1 ) , and the non-essent ial 

amino acid component was supplied in ac cordance with the f indings of 

Mitche l l  et al.  ( 1 9 6 8 )  and Henry and Rerat ( 19 70 ) . I t  thus appears 

that the comb ined e f f ect of d i f f erences  in the degree and rate of dig

e s t ion and absorpt ion of amino acids in the d iets  used in the above 

mentioned s tudies d id not cause  the pat tern of amino acid s supplying 

the sites of  pro t ein synthesis  within the animal to d eviat e  great ly  

f rom the patt ern in the diet . The ideal nature of  the amino acid 

balance , proposed to  b e  ideal based upon empir ical est imat es  given 

in the li terature , i s  conf irmed . 

Comparison can be  made between the present es timat e  of  ideal ba l

ance and that recommended by the Agr icu l tural Research Counc il  ( 19 8 1 ) . 

As shown in Tabl e  I . 2 . 1 8 ,  values for t ryp tophan , histidine  and threo

nine are in c lose agreement . The determined values for methionine  plus 

cys t ine and phenylalanine p lus  tyrosine are greater than those recom

mended whereas  the  det ermined values for l eucine , isoleuc ine and valine 

are lower than the recommendation s .  O f  particu lar note  i s  the disc rep

ancy between the present d etermined value and that recommended by the 

Agricultural Research Council  ( 19 8 1 )  for the non-essential amino acid 

component , albeit the  recommended value is  a maximum. 

The present es tima te of the ideal level of non-es sent ial amino 

acids must be interpret ed wit� caut ion , however , for it is possible 

that essential amino acids are transaminat ed to non-essen t ia l  amino 

a cids i f  the non-ess ential amino acid component is l imiting . It is 

as sumed in the present s tudy that transaminat ion of amino acids was 



minimal . Also , unless one amino acid was transamina t ed to a grea t er 

ext ent than others then the balance b etween the  essent ial amino ac ids 

would not be affected by transamina t ion reac t ions . 
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Ac cording t o  the recommendat ion o f  the Agr icultural Research 

Council ( 19 8 1 ) , isoleucine is the f i rst l imi t ing amino acid in the 

present ly-d erived ideal amino ac id balance .  Ac cept ing that  isoleucine 

i s  l imit ing to the ext ent ind icated by the Agr i cultural Research Coun

cil  ( 198 1 ) , it can be shown (Appendix 1 . 3 ) that a boar of 40 Kg l ive

weight f ed 1 4 80 g/d of  the basal diet  would excret e 2590  mg ur inary 

urea nit rogen daily derived f rom the deaminat ion of imbalanced d ietary 

amino acids . The f indings of the ma in s tudy ( 1 . 2 . 6 ) ind icate , however , 

that a boar of ident ical l iveweight and nu t r i t ional c ircums tance 

excreted a maximum 1 1 7 7 mg of  ur inary urea n i t rogen daily der ived 

f rom the catabol ism o f  basal di etary amino a c ids . This  sugges t s  that  

the  ideal level of  isoleucine for  the  growing pig  as recommended by  

the Agr icu ltural Research Counci l  ( 19 8 1 )  i s  an overes t ima t e .  

Further support  for the est imate  of  ideal amino acid balance 

found in the present s tudy is  provided by  Fuller , Cadenhead and Chen 

( 1 983 ) . These workers a t t empt ed to val idat e the ideal amino acid 

balance recommended by  the Agricultural Research Council  ( 19 8 1 )  by 

measur ing the b iolog i cal value of  a casein-bas ed d i et before and a f t er 

supplementat ion with  various  synthet ic amino acids . The resu l t s  showed 

that the Agr icul tural Research Council ' s  e s t ima t e  o f  the  ideal level 

of  methionine plus c y s t ine is low and that the recommend ed ideal bal

ance i s  also l ikely to be marginally l imit ing in one or more  other 

amino acids . Compari son of  the ideal amino ac id balance det erm ined in 

the present s tudy with that recommend ed by the Agricultural Research 

Council ( 19 8 1 )  indicates  that the level of  methionine plus cyst ine is 

1�� in the Agricultural Research Counc il ' s  balance and suggests  tha t 

the level of  phenylalanine plus tyro s ine may also  b e  l imit ing  in the 

recommended balance .  It i s  interesting to  not e  tha t  the  recommended 

l evel of threonine ( Agricul tural Research Council , 19 8 1 )  appeared to  

b e  adequate  ( Fuller et a l .  , 1983)  whi ch is  al so expe c t ed on  the  basis  

of  the present f inding s . 



Tab le 1 . 2 . 1 8  Comparison of the estima te of ideal amino acid balance 
found in the present s tudy with t hat  recommend ed br 
the Agricult ural Research Council ( 1 9 8 1 ) .  

Ideal amino acid balance 

Pres ent Agricul tural Res earch 
Amino ac id study Counc il recommendat ion 

Lys ine 1 00 1 0 0  

Me thionine + cystine 54  50 

Tryp tophan 1 3  1 4  

H i s t i d ine 34 3 3  

Phenylalanine + tyrosine 1 0 1  9 6  

Threonine 59 60  

Leuc ine 89 1 00 

I soleucine 4 6  5 4  

Valine 6 6  70  

Non-es sent ial amino acids 6 9 3  8 5 7  

The present est imate  o f  ideal amino acid balance bears a c lose 

resemblance to the pat t ern of  amino ac ids in pig muscle  prot ein 

( Table 1 . 2 . 1 9 ) . This similarity is  understandable  as  a l though 0 . 80 
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of amino ac id f lux in the  growing animal is  related to body  protein 

breakdown ( Mil lward et a l . , 1 9 76 ) , the  resynthes is of body prot ein is 

likely to b e  v ery eff icient . The amino acid requirements for growth 

will be d ict a t ed , therefore , by the requ irements for new protein  s yn

thesis and a considerabl e proportion of new prot ein synthesis consists 

of the s ynthesis  of l ean tissu e .  

Data f o r  the growing rat published by  Millward , Brown and Od edra 

( 1 9 8 1 ) , however , indicate  that the l iver and gas troint e s t inal tract 

together and muscle  and skin each contribut e  about a qua r t er o f  total 

whole body pro t e in synthesi s .  Also , the  liver combin ed wit h  t h e  

gastrointe s t inal t ract  comprises a signif icant p roportion of the  
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Table 1 . 2 . 1 9  Compari son of the es timate o f  ideal amino acid balance 

found in the pres ent study with the amino acid pat t erns 

of pig muscle, liver and intest inal ti ssues . 

Amino acid 

Lysine 

Methionine + cyst ine 

Tryptophan 

Histidine 

Phenylalanine + t yros ine 

Threonine 

Leuc ine 

I sol eucine 

Valine 

Non-essent ial amino acids 

t 1 Duee et a "l.  ( 1 9 80 )  

Musclet 1 

1 00 

4 8  

-

4 7  

9 1  

5 6  

9 8  

6 3  

65  

623  

1 2 f rom Munro and Fleck ( 1 9 69 ) . 

Amino acid pat tern 

I d eal  
Liverf Intestine f balanc e 

l OO l OO l OO 

so 4 4  5 4  

- - 1 3  

3 3  3 1  34 

1 1 8 1 0 7  I 1 0 1  

5 5  5 5  5 9  

1 1 8  1 0 5  8 9  

6 2  - 46 

7 7  74  66 

5 78 6 1 3  6 9 3  

bodyweight of  a mature mammal (Munro , 1 9 69 ) . These considerations 

imply that the amino acid patt erns of skin , l iver and gastro intest inal 

t rac t may inf luence the patt ern of amino acids regarded as optimai for 

animal growt h  as predicted from the pa tt ern of amino acids in  muscle  

protein . 

The l evel of  methionine plus cys t in e  in the presently-es timated 

ideal balanc e is higher than the level in muscle prot ein and th is  may 

be explained by t h e  h igh concentration of cystine in skin and hair 

(Munro and Fleck , 1 9 6 9 )  and the continuous losses of  skin and hair 

from the body of the growing pig . The h ig h  level of  phenylalanine 

p lu s  tyro s ine in r elation to the lev el in p ig muscle may b e  explained 
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by the relat ively high levels of these amino acids in liver and int es

t inal t issue ( Table  1 . 2 . 1 9 ) . An anal agous relat ionship i s  not  apparent , 

howeve r ,  in respect o f  leucine and isoleucine al though the l evel o f  

isoleucine i n  pig int e s t inal ti ssue i s  not g iven in Table  1 . 2 . 1 9 . 

The ideal est ima te  for hist idine is  s ignif icantly  lower than the 

level in pig  muscle  but i s  clos e to levels f ound in l iver and int es

t inal tissue . Boorman ( 19 80 )  has speculated that s ince the amino 

acid compo s i t ion of muscle does not d i f fer  greatly among animal spec

ies , the ideal amino acid balance may be s imilar for dif ferent animal 

spec ies . 

I t  is concluded that the studies reported here provide an est im

ate o f  the ideal amino acid balance for the growing pig . The ideal 

balance is given in unit s  of  truly ab sorb ed amino acids relat ive to 

lys ine and may be us ed with conf idence for predi ct ing the amounts of 

b alanced pro t e in supp l i ed by various d i et ary amino acid mixtures . 

The ab ility  to make the  latter prediction i s  c entrally important in 

es t imat ing d i etary pro t e in q ualit y .  



PART II 

THE DIGES TIBILITY O F  AMINO ACIDS IN PROTEI N S  

F ED T O  THE GROWI N G  PIG 



I I . 1 . l Int roduc tion 

CHAPTER 1 

REVIEW O F  LITERATURE 

Diges t ib i l i ty is a key facet of dietary pro t e in qual i ty .  Die tary 

protein sources di f fer  in their suscept ibility  to digest ive b reakdown 

which implies the importance of b eing ab le  to quan t i tate  the degree of  

digest ion and abs orpt ion o f  dietary amino acids . 
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The proces s o f  di ges t ion and absorpt ion o f  protein in the growing 

pig  and the methods us ed for measuring the diges t ib ility of amino acids 

are reviewed in this chapt er . 

I I . 1 . 2  The Diges t ion and Ab sorpt ion o f  Prot ein 

The role o f  endogenous enzymes in the diges t ion of  protein in the 

growing pig has been the s ubj ect of detailed review ( Rerat , Corring and 

Laplace , 1 9 76 , anc Kidder and Manners , 1 9 7 8 ) . Further , the  important 

f unction of the b rush-border oligopeptidases and the intracellular pep

t idases of the mucosal  cells in integrated digest ion and ab sorption has 

been described by Das and Radhakrishnan ( 1 9 7 6 )  and t ransport systems 

involved in the abs orpt ion of amino acids have b een adequately d is cus

s ed by  Davenport ( 1 9 7 7 ) . 

In addit ion to the act ion o f  endogenous enzymes in pro tein d igest ion , 

the proteolyt ic , deaminat ive and decarboxylat ive ac t ivit ies o f  the  intes

t inal microflora mus t  be cons idered . The a l imentary t ract of the pig is 

dens ely populated with  microorganisms whi ch undoub tedly int erfere with 

t he diges t ive proces s .  Bacterial activity i s  cons idered to b e  mainly con

centrated in the large inte s t ine , this b e ing  in accordance with the hind

gut having the mos t  d ense  bacterial populat ion ( Rerat , 1 9 7 8 ) . 

Al though a lower populat ion o f  microorganisms is apparent in the 

upper diges t ive t rac t ,  the poss ible  e f f ect  that this may have on diges

t ion cannot be  d i s co un t ed especially in v i ew o f  the rapid turnover of  

bacterial cells ( Boorman , 1 9 7 6 ) . Bacterial pro t eas es may enhance the 

digest ion of dietary p rotein in the small  intes tine ( Coates , 1 9 7 6 ) , 

although no s ub s t antial  d i f ferences for the  net  p ro t e in values o f  a 
range o f  dieta ry p ro t e ins were observed when they were fed  t o  g erm-f ree 
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and conventional chickens ( Salter and Ful fo rd , 1 9 7 4 ) . Also , i t  is  

pos s ible  that microb ial fermentation in the stomach and small  inte s t ine 

of the pig results in the d isappearance of amino acids f rom the il eum 

( Cranwell , 1 968 ) . There is  evidence o f  bacter ial degradat ion of  amino 

acids in the small intes t ine of the chicken ( Skurray and Cumming , 1 9 75 ) .  

Seemingly of greater nutrit ional sign i f i cance , however , i s  the  

cons iderab le ef fect that  the  microflora o f  the large intes t ine can have 

on protein rema ining undigested at the t erminal ileum. Nit rogen en ter

ing the large int est ine cons ists of undiges t ed dietary n i t rogen and 

products of endogenous origin (d igest ive enzymes , mucopro t e ins , d esquam

ated cells , urea , amino acids produced by cell  catabolism ,  s erum albumen 

and microorganisms ) ( R�rat , 1 9 78 ) . This  nitrogen may be  acted upon by 

the h indgut bacteria l eading to net appearance or disappearance of 

amino acids between the ileum and the rectum ( R�rat , 198 1 ) . 

In certain cases ( Holmes , Bayley , Leadbeater and Horney , 1 97 4 ; 

Mason , Just and Bech-Anderson , 1 9 76 , and Low , 1 9 79 )  the faecal amounts  

of  some amino acids have been h igher than the  amounts  measured at  the  

t e rminal ileum ,  indicat ing that net  bacterial synthes is  has occurred . 

Such synthes is  may be  part icularly sign i f icant for meth ionine (Just , 

1 9 80 ) . The as s imilat ion of nitrogenous materials into microb ial cell 

components is based principally on ammonia (Mason , 1980) , although 

pept ides and amino acids can be ut ilised d irectly by some bacterial 

species (Payne , 1 9 7 5 ) . 

The microorganism populat ion of  the h indgut is  capab le  of  int ense 

me tabolic act ivity ( Coat es , 1 9 7 6 )  and so it  is  not surpris ing that Mason 

et a l .  ( 19 76 )  found that in excess of half the nitrogen in the faeces 

of pigs , fed various d iets , was contained in microb ial cells . Further , 

Steph en and Cummings ( 1 9 80 )  obs erved that approximat ely half  o f  the  

dry-matter and two-thirds of  the nit rogen in human faeces were o f  micro

b ial origin .  Microb ial protein is eventually excreted in t he faeces 

and in the case o f  the  growing pig  is  of no nutrit ional value to  the 

hos t .  

Mason ( 19 80)  h as c i t ed evidence demonstrating t he proteolyt i c ,  

deamina t ive and decarboxylative activi t ies o f  caecal bacteria and the  

capab i lity of  these bacteria to  digest amino acid-sugar complexes , 



64 

bacterial mucoproteins , mu cosal res idues , mucus , uric acid and urea . 

The degradat ive activities  of  the bacteria l ead to the format ion o f  

ammonia (Michel , 1 9 66 ; Cas tell  and Moore , 1 9 7 1 , and Hoover and Heitmann , 

19 75 )  though amine product ion may also be  signif icant ( H il l ,  Kenwo rthy 

and Porter , 19 70 , and Milne and Asatoo r ,  1 9 7 5 ) . 

The quantitative importanc e of the hindgut micro f loral digest ion 

in the pig has been a matter of some cont en t ion . Poppe and Mcier ( 19 77 ) , 

who fed highly d igestible casein and wheat/casein diets  to  pigs f is t ul

ated at the terminal i leum and observed no marked dif ference between 

ileal and faecal diges tibility  coef f icient s ,  concluded that the ef fects  

of  microb ial diges t ion in  the hindgut were only  very slight . Further

more , thes e authors proposed that any observed increase in nit rogen 

digest ibil ity in the  h indgut is mainly related to technical probl ems 

con cerning the location o f  the ileal cannula e ,  with ileal and faecal 

d iges tibilit ies becoming more similar the closer the placemen t of the 

cannula to the ileo-caecal j unct ion . In d irect contrast to these f ind

ings , Zeb rowska and Buraczewski ( 1 9 7 7 ) , f eeding cas ein-, soyabean- and 

meat-and-bone-meal-based diets to pigs f i t t ed with s imple cannulae at 

the terminal ileum ,  concluded that the diges t ion o f  nit rogen in the 

large intest ine was consi derable . This s tudy demons t rated that the d i f

f erence between ileal  and f aecal diges t ib ility  est imates was greater 

the l ower the d igest ib i lity of  dietary nitrogen in the smal l  intest ine . 

Such an observation had been no ted earl ier by lvan and Farrell  ( 19 76 )  

and was confirmed by Sauer , Sto thers and Phi l l ips ( 1 9 7 7» and Tanksl ey 

and Knab e ( 19 80 ) . I t  is  now general ly agreed ( R�rat , 1 9 78 ; J ust , 1 9 80 ;  

Mason , 1 9 80 ;  R;rat , 1 9 8 1 ,  and Low , 1982 ) that the e f f ect o f  the hindgut 

micro flora on prot ein d iges t ion in the p ig is quantitatively s ignif icant . 

. Despite  protein d igest ion in the h indgut being sign i f i cant , t here 

is l i t t l e  evidence that the mucosa of the large int est ine o f  the growing pig 

is capable  of transport ing amino acids (Tanksley and Knabe , 1 9 80 ) . 

Binder ( 19 7 0 )  showed that mammal ian colonic mucosa does not have s ignif

i cant absorpt ive capacity and according to  Wrong , Edmonds and Chadwick 

( 1 9 8 1 )  the true act ive t ransport of amino acids across  the large bowel 

has not been convincingly demons trated for  any amino acid in any adult 

animal . The proximal colon o f  the newborn piglet , on the other hand , 

has the ability to  actively transport methion ine  ( J ames and Smit h , 

1 9 76 ) , and Olszewski and Buraczewski ( 19 78)  p rovided evidence that 

t Hereafter Sauer et a l .  ( 19 7 7a) . 



asparagine , s erine , threonine , tyros ine ,  arg inine , hist idine ,  lys ine 

and aspart ic  acid were absorbed to  varying degrees f rom isolated pig 

caecum examined in s i tu , whereas the remaining t en det ermined amino 

acids were not absorb ed .  
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I t  seems ( R�rat , 1 9 8 1 )  that the ni trogenous compounds d isappearing 

f rom the hindgut enter  the blood mainly as produc ts  of amino acid  break

down , these being poorly used by the animal for  anabolic  purposes . 

Inf usion experiments  ( Zebrowska ,  1 9 75 ;  Sau er ,  1 9 76 ,  and Just , Jorgensen 

and Fern�ndez , 19 8 1 )  have demonstrated that nitrogen although well 

absorbed by the large intestine is  almost  ent irely excre t ed in the 

urine.  Rerat ( 19 7 8 )  has s uggested that a proport ion of the absorbed 

ammonia may be u t i l is ed in the s ynthes is  of non-essent ial amino a c ids  

to  mee t the maintenance protein requirement of  adult animals ,  but 

agrees that evidence indicates that nitrogenous substances absorbed  in 

the large intes tine have l i ttle  nutrit ional value for the g rowing 

animal . 

I I . l . 3  The Measurement o f  Prot e in Dige s t ib i l ity 

The term ' diges t ibility ' refers to the combined e f f ects  o f  d iges

t ion and absorpt ion b ut provid es no informat ion as to the ext ent o f  

utilisat ion o f  the absorbed nutrients (McNab , 1 9 7 6 ) . The t erms ' d iges

tibili ty ' and ' availab i l i ty ' are o f t en used synonymously but avai lab ility  

should stri ctly apply to the  d iges t ion , absorpt ion and - subsequent meta

bolism of  a nutrient  ( Low , 1 9 82 ) . 

Diges t ibility values for amino acids  may overes t imate their ava il

abi l i ty , especially in  mat erials damaged by excess heat during processing 

( Carpenter , 1 9 7 3 ) . The latter au thor provides the example  of hea t ed milk 

powders , but theorises  that in materials which do no t contain reduc ing 

s ugars , d iges t ib i l i ty measurements  should  closely equa t e  with e s t ima tes 

of avai labi l i ty .  The absorpt ion o f  non-utilisable forms o f  amino acids , 

moreover , is  not a maj o r  l imitation o f  the digestibility a s say (Austic , 

1 9 83 )  as urinary los s es represent only a small  f raction o f  amino acid 

intake in f eedstuffs  whi ch have b een deliberately damaged by  heat t reat-

men t .  

Low ( 19 82 )  has d i s t inguished between three t ypes of  d igest ib ility  

--------- -------
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measurement . Apparent diges tibility may be  defined as the d i f ference 

between the amount of an amino acid in the diet , and in i leal digesta 

or faeces as a proport ion of that in the die t .  True d iges t ibility  is 

def ined simi larly excep t that the amounts  of endogenous amino acids  in 

f aeces or i leal digesta are subtract ed f rom the total  amount of amino 

acids in the faeces or ileal d iges ta .  Real diges t ib i l i ty i s  calculated 

in the same manner as apparent diges tibility but appl ies when the dif

feren ce between the intake and output of  f aecal or  i l eal amino acids 

is measured using n i t rogen isotopes . 

The es timation o f  amino acid diges t i b i l i ty in dietary protein 

sources has often been made following the me thod out lined by Kuiken 

and Lyman ( 1 948) . ln the tradit ional approach ,  the  amount  of  an amino 

acid truly absorbed f rom the alimentary canal is es t imat ed as the dif

f erence between the amount of  the amino acid consumed in the diet and 

that  voi ded in the f aeces , after  correct ion o f  the latter for the 

amount presumed to be excreted in the metabo lic  f aecal n itrogen . Bec

ause o f  d i f f i culties in  measuring the excretion of metaboli c  f aecal 

nitrogen (Mason , 1 980 ) , apparent f aecal diges t ib i l i ty is f requently 

measured . 

Al though the faecal method is highly reproducible  ( Eggum ,  1 9 7 7 ) , 

i ts  accuracy has been cri t ic ised due to the modi f i ca tion o f  nitrogenous 

compounds by the nindgut micro f lora .  Tav erner ( 1 9 79 )  conj ectured that 

the inab i lity of faecal analys is to account for d if f erences in hindgut 

microbial act ivity may explain the diff icul t i es experienced in recon

cil ing pig growth data with faecal nitrogen d igestibility  data , in  

experiments with  various process ing t echn iques , with oats  ( Crampton 

and Bel l ,  1946 ) , wheat (Lawrence , 1 9 6 7 )  and barley ( Co le ,  Dean and 

Luscomb e ,  19 70) . 

I t  was argued by Payne , Comb s ,  Kifer  and Snyder ( 1 9 6 8 )  that i l eal 

analys is should provide  a b e t t er index o f  amino acid d ig e st ib il ity . In 

accordance with the conclus ion (Terpstra ,  1 9 7 7 )  that bacterial amino 

acid  b reakdown o ccurs at a great er rat e  than s ynthes is , mos t  workers 

have f ound that amino acid d igestib ility  e s t imates  based on i leal anal

y s is are lower than those based on analys i s  of the f aeces . 

Sauer , J us t , Jorgens en , Fekadu and Eggum ( 19 80 )  and Tanksley and 



Knabe ( 19 80)  referred to numerous s tudies conduct ed over the last  d ec

ade where the apparent i leal d igestibilities  for mos t  amino acids were 

lowe r than diges tibili ties measured over the ent ire digestive trac t .  

Large differences between ileal and faecal apparent digestibility 

val ues have been typically found for prot eins of  low diges tibility 

( Zebrowska and Buraczewski , 1 9 7 7 ) . 
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The s tudy o f  Jorgens en and Sauer ( 1 9 82 )  i s  o f  part icular int erest 

in that the digestibilities of  amino acids in protein sources commonly 

used in pig diets were inve s t igated . Large dif ferences were found bet

ween ileal and faecal digestibilit ies o f  amino acids in soyabean- , sun

flower-:-, fish- and meat-and-bone-meal , d i f ferences being greatest  for 

threonine , phenylalanine and lysine  and lea s t  for arginine and methion

ine . These  workers also demons t rated considerable varia t ion among the 

ileal d iges tibilities  of amino acids  wi thin a protein source and con

cluded that in corre c t ing gro s s  to d iges t ible amino acid levels , the u s e  

of a common correct ion factor f o r  amino acids ( eg .  prot e in diges tibility)  

may not be appropriat e .  The review b y  Zebrowska ( 19 78)  further high

lights the s ignif icance of the differences between f aecal and ileal 

es tima tes of  apparent diges t ibility o f  n i trogen and animo acids in 

foods tuffs used in pract i cal dietary formulation . 

Despite  general agreement that the measurement of  i l eal amino acid 

diges t ibility is theore t i cally s uperior to that of  faecal diges tibility , 

there are s ti ll reservations ( Jus t ,  1 9 80)  regarding the practical advan

tages of adopt ing the ileal t echnique.  Two recent and comprehensive 

reviews ( Low , 1 9 80a , and R�rat ,  1 9 8 1 )  agreed , however , that the deter

mination . o f apparen t  diges tibility o f  amino acids at the t erminal il eum 

is the more acceptable  method .  Low and Part ridge ( 1 9 80a)  in s ummaris ing 

a recent  discuss ion on the use of  i leal as opposed to faeca l  d iges t ib

ility es tima t es , not ed that ileal d iges t ibility  is more d i f ficult  to 

measure than faecal diges tib ility , and surgery and implantation of  can

nulae may a f fect  the outcome . Some workers have found relativ ely  

greater variat ion between p igs  and between measurement s  on  the same 

pig for ileal  measurement although others d isputed that this was s o .  

The sugge s t ion was made that part o f  the variability  of  apparent i l eal  

digestibil i ty may be  due to variat ion in endogenous secretion.  No  

conc lusion coul d  b e  drawn , ��ever , regarding the  practical s ignificance 

o f  using t rue i leal digestibilities as  opposed to apparent values . The 



discussion concluded in agreement that i l eal  measurement o f  amino a c id 

diges tibil i ty is likeJ .y to be more meaningful  than faecal measurement . 

Desp ite  the importance of  correct ing apparent ileal d igestibil ity 

estimates for the cont ribut ion of  amino acids  of endogenous o rigin , no 

sui table method for determining the amount of endogenous pro t e in r em

aining undigested at the terminal ileum is currently ava ilable ( Low , 

1 9 80a) . Two approaches have been used to quant ify endogenous levels 

of amino acids appearing at the terminal ileum.  These are ; analysis  

o f  ileal d iges ta from animals  given a prot e in-f ree diet , and the  
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f eeding of  graded amounts  of a single pro tein source fol lowed by  ext ra

polat ion to zero intake of amino acids of the linear regress ion of ileal 

amino acid output on di etary amino acid intake . Both these methods 

are open to s t rong c r i t i c isms ( Boorman , 1 9 76 ; McNab , 19 76 ; S z entmihaly i ,  

1 9 7 7 , and Low , 1 9 80a) . 

I t  is  well es tabl ished that digest ive secret ions are inf luenced by 

the quantity  and qua l i ty of dietary protein ( P art ridge , Low , Sambrook 

and earring , 19 79 ,  and earring , 1980 ) . The amount o f  n i t rogen excreted 

f rom the small intes tine by animals f ed a prot ein-f ree diet may be 

cons iderably lower t han the amount of endogenous ileal n i t rogen excreted 

on a diet containing p rotein ( Buracz eska , 1 9 80 ) . In an a t t empt to over

come this limitation of protein-f ree diets  some researchers have s up

plemented protein-f ree  diets with small amounts  of a highly dige s t ible 

pro tein source ( Mason , 1 9 80 ) . 

Ext rapolation f rom diets containing graded levels o f  a s ingle 

protein source , being closer to the practical s i tuat ion , might be 

expected to provide a more rel iable e s t imate  o f  endogenous amino acids 

at  the terminal ileum than the use o f  pro t ein- f ree die t s .  I n  the one 

comparab le study reported for pigs (Taverner , Hume and Farrell ,  1 9 8 1 ) 

the quan t i t ies o f  amino acids present at the terminal i l eum were d if

f e rent for the two me thods of  determination , but wheth�r the extrapol

at ion method quant ifies  endogenous il eal amino acid output accurat ely 

remains doub t f ul .  I t  appears that the amino acid compos i t ion a s  well 

as  the quantity  of endogenous secretion are influenced by the method  of  

determination. Relat ively high levels of  glycine and proline f ound in  

the ileal d iges ta of  pigs  s eem to be chara c t er is tic o f  p ro t e in-f re e  or 

l ow-protein diets  ( Taverner , 1 9 79 ) . There is evidence t ha t  with both 
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methods currently used  for the determinat ion o f  endogenous ileal amino 

acid output , the l evel of dietary f ibre influences the out come ( Taverner 

e t  a l . , 1 9 8 1 ) , probably through an ef f ect on mucin produc t ion . 

True d igestib i li ty is a fundamental property of the ingredient 

regardless of the die tary conditions under which that ingredient is  f ed 

to  the animal (McNab , 1 9 76) . True digestibilities of dietary amino 

acids  ( albeit  from faecal analysis  on rat s )  have been shown to be 

directly related to the amino acid d igestibilities of the ind ividual 

prot e in components of the mixed diet  (Eggum and Jacobsen , 1 9 76 ) . This 

add i t ivity seems unlikely to apply , however , with apparent amino acid 

diges t ibilities which will  only be meaningful  under strictly s tandardised 

condi tions ( Eggum ,  1 9 7 7 ) . Taverner ( 19 79 ) , in studies with g rowing pigs , 

f ound that apparent ileal amino acid d iges t ibility  was influenced by 

the protein level of the diet but not so tr 11e i l eal d iges t ibili ty . Appar

en t digestibility increases curvil inearly with increasing d ie tary 

prot ein concen t rat ion ( Eggum , 1 9 7 7 ) . Taverner ( 19 79 )  and Sauer et a l . , 
( 19 80)  also noted that the e f f ect o f  l evel o f  endogenou s prote in on 

the apparent diges tibility of pro tein was greater at lower dietary prot

ein levels .  I n  f act , Haydo n ,  Tanksley and Knabe ( 19 80 )  f ound no e f f ect 

of  the l evel of crude protein on apparent i l eal nitrogen and amino acid 

diges tibility when a diet  containing 160 g /Kg crude protein was f ed to 

g rowing p igs  at daily intakes exceeding 0 . 03 of bodyweight . 

I t  has somet imes b een argued ( J us t  Nielsen , 1968 ; and Low , 

1 9 82 )  that on a prac t i ca l  basis , apparent digestib ility coe f f i c i en t s  

are more relevant than t rue diges tibility coeff icient s  s ince both 

und iges ted d ie tary and endogenous amino acids are lost to the animal 

and thus have to be accounted for in diet formu lation . The endogenous 

excretion of an amino acid , however , is accounted for in the es t imat ion 

o f  the requiremen t for that amino acid and there is also a trend 

(Agricultural Research Council , 1 9 8 1 )  towards expressing amino acid 

requiremen ts for  p ig g rowth in units  of tru ly absorbed amino acid s .  

Hopkins ( 19 8 1 )  expressed the des ir ab ility of  us ing t rue a s  opposed  t o  

apparent diges t ib i li ty data in human nutri tion . 

In spii.:e o f  the possib l e  limitat ions o f  estimat es o f  apparent amino acid 

diges t ib i l ity , however , and with a view to the dif fi cult ies in determin

ing true  amino acid digest ibilities , i t  s eems that estimates o f  the 
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apparent i leal amino acid d iges tion and absorp tion may be u s ef ul in 

practical d ietary formulation ( Low and Part ridge , 1 9 80a , and Aus t ic , 

1983) . Nevertheles s ,  experimental informa tion concern ing the val id ity 

o f  apparent i l eal diges tibility  coef f i c ients for pred i c t ing the l evel 

of  diges tion and ab sorpt ion of  amino acids in the pig is  greatly needed 

( B raude , 1 980 ;  Jus t , 1 9 80 ,  and Agricul tural Research Coun c i l , 1 9 8 1 ) .  

Al though some validat ion trials have been undertaken ( Tanks l ey and 

Knab e ,  19 80 , 1 9 82 ; Fuller , Baird , Cadenhead and Ai tken , 1 9 8 1 , and 

Low , Part ridge , Keal and Jones , 1 9 82 ) , the f indings have b een con t ra

di ctory . 

I I .  l .  4 I leal Analys is as a Neas ure of  Amino Acid Diges t ibil ity 

Al though apparent i leal diges tibility es tima tion is p robably the 

mos t  accep tab l e  t e chnique , currently availab l e , for the measurement 

of diges tion and absorpt ion of amino acids in foods tuffs , the cho ice 

of  methodology for i leal analys is is not s traigh tforward . With smal l 

animals  i t  is  f easibl e  to col lect i leal diges ta at s laughter , and 

this technique has b een used in the rat ( Buraczewski et a l . , 1 9 7 1 , 

and Taverner , 19 79)  and in the chicken ( Payne e t  a l . , 1 96 8 ;  Soares 

and Ki fer , 1 9 7 1 ,  and Varnish and Carpenter , 1 9 7 1 ) . 

Hors zczaruk ( 1 9 72a)  and Cho and Bayley ( 19 7 2 )  col lected i l eal 

diges ta following the s laugh ter of pigs . Their me thod , however , is 

open to the cri tici sm that shedding of mucosal  cells  into the gut l umen 

may o cc ur at the t ime o f  death . This receives the s upport of Horszczaruk 

( 19 72 a ,  b ,  c) who found cons i derably more nitrogen in the small  intes tine 

of slaugh tered pigs as compared with those  cannulated at the terminal 

ileum. A maj or sh edd ing of epithel ial cells  int o the gut l umen o f  

sheep has b een shown to  o·ccur when t h e  animals were s laugh t ered by  

using a humane ki l ler ( Badawy , Campbell , Cuthbert son and  Fell , 1 9 5 7 )  

b ut i f  the g u t  o f  t h e  sheep was removed under  anaes thesia there was no 

mucosal cell shedding . A further l imitat ion of the  s laugh ter t e chnique 

is that only one observation at one point in t ime is  pos s ible  per 

animal ( Low , 1 9 82 ) . 

Due to the  d i f ficult ies and cos t of  using the s laughter method with 

pigs the s ampl ing o f  i l eal d igesta f rom pigs f i t t ed wit h  p ermanent 
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cannulae has become a widely adopted t e chnique.  The use  o f  gut cannulae 

al lows repeated observat ions to be made on  a s ingle conscious pig . Re

en trant cannulae have b een used for the total  col lection and subsequent 

sampling of ileal diges ta whereas ' s impl e '  or ' T-piece ' cannulae have 

been employed in conj unction wi th indigestible  markers for the spot

sampling of  ileal d iges ta .  

Sauer e t  a l .  ( 1 980)  have l i s t ed several prob l ems which  may arise  

in  experiments involving c annulat ion Among these , s i t e  and ef fect  of  

the cannula , part icle  s ize  of  the  diet , feeding frequency , collect ion 

procedure and marker recove ry are important . 

The surgical imp lan tation of  gut cannulae may int erfere with the 

normal diges tive and ab sorpt ive proces ses . Mac rae and Wilson ( 19 7 7 )  

compared intact sheep with sheep prepared with rumen cannulae and 

s ub seq uently f i t ted with either s impl e  T-shaped or re-entrant  cannulae 

at the duodenum or i leum.  There was l i t t l e  difference in  voluntary 

f ood intake , dry mat ter diges tib i l ity , n i t rogen b al ance , b lood con s t it

uents  and marker reten tion times , but s heep fitted with re-entrant can

nulae had lower wool growth rates t han the  intact animals .  Wenham and 

Wyburn ( 19 80 )  carried out radiological examinat ions on sheep prepared 

with intes tinal cann ulae . All the cann ulat ions caused some disrupt ion 

to the normal flow of diges t a .  The s impl e  T-piece cannula caused the 

l east dis t urbance whereas the 'Ash'  re-en t rant cannula in the t rans

verse duodenum,  j ej unum or  i l eum caused g ro s s  abnormalit ies of  p ropuls ion 

and flow .  Also , Laplace and Borgida ( 19 76 )  found that pig  ileal mus

culat ure was s e rious ly disturbed by re-entrant cannulat ion . The prob lems 

associated with re-entrant cannulat ion o f  the  ileum have b een summarised 

by Laplace ( 19 80 ) . The dis turbance to mot ility  can be partly overcome 

by ileo-caecal cannulat ion . This involves bypass o f  the i l eo-caecal 

valve , however ,  which has a s ph inct er-like action for a purpose  which 

is not well unde rs tood . Furthermore , i l eo-caecal cannulat ion may l ead 

to an invas ion of the small intes t ine  by a caeco-col ic-type micro f lora . 

Sauer e t  a l .  ( 19 7 7� and Taverner ( 19 79 )  demons trated s imilar faecal 

diges t ib ility  values in non-cannulated  and ileo-caecal cannulated pigs , 

whereas Saue r ,  Aherne and Thacker ( 19 79 )  noted  that the  apparent faecal 

diges t ib il i t i es of all amino acids and p ro t e in were s ignifican t l y  higher 

for p igs f i t t ed w i th i leo-caecal cannulae than in intact animals . 
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Furuy a ,  Takahashi and Ornori ( 1 9 74 )  de tected no s igni f i cant d i f f erences 

in growth rates or faecal diges t ib il i ty coefficien t s  between non

fis tulated pigs and those prepared wi th  T-piece cannulae alt hough 

Livings tone ( 1 982)  report ed reduced food i n t ake and ra te  and e f f i ciency 

of growth in pigs with s imple cannulae in the t erminal ileum . 

Since re-en t ran t cannulat ion is  labour in t ens ive and b ecause the  re

ent ran t cannulae may be pron e to b lockage l eading to hype rtro phy o f  

the gu t and digesta  leakage (Low , 1 9 80b ) , the  use  o f  s imple  cannulae 

is preferred by an inc reas ing number  of workers s tudying diges t ib il ity 

in the pig .  Cannula t ion of the ileum with  a s imple T-piece cannula 

allows the sat isfactory collect ion of faeces , the feeding of bulky 

foods and causes minimal diges ta  leakage or  l oss  of  appe t i t e  ( Low and 

Part ridge , 1980b ) . 

Co llect ion of  diges ta  through a s imple  T-piece cannula adopts a 

spot-sampl ing technique and relies therefore on a ref erence marker ( s )  

that pas ses through the gut at  the same rate as the nutrien t s  being 

measured . According to Low ( 19 82 )  chromic oxide is the mos t  commonly

used marker in d iges t ion s tudies with  pigs al though recent a t t enti on 

has been given to the use of  rare earth met al s  su ch as rut heni um .  Kot b  

and Luckey ( 1 9 72 )  reviewed the use of  markers in animal nutri t ion and 

concluded that ch romic oxide is non- toxic and has been demons t ra t ed 

t o  be virtually completely recovered from the faeces o f  man and o t her 

animals and can therefore be used as an inert marker in diges t ib ility  

s t udies . A det ailed description of  cannula t ypes and the met hodologies 

invo lved in working w� th cannulated pigs has been pres ented  by  Low 

( 19 80a) . 

I I .  1 .  5 Conclus ion 

The d iges tib ili ties of amino acids in various pro t e in s ources f ed 

to  the growing pig  d i f f er due to  the e f fects  o f  many factors , both 

animal  and dietary . I t  is  importan t , therefore , to b e  ab le  t o  measure 

the diges t ion and ab sorpt ion of amino acids . 

Because o f  the act ion o f  the h indgut micro f lo ra o f  the growing pig 

it  i s  mos t  appropriate t o  measure the diges t ibility of dietary amino 

acids at the terminal i leum.  
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The seemingly mos t satisfactory t echnique currently availab l e  for  

this  purpose is  the measurement of  the apparent diges t ibility  of  amino 

acids at the t erminal ileum of pigs f i t t ed with  s imple T-pi ece cannulae 

and fed diets which include an indiges t ib l e  ma rker .  

Res ervat ion , partly concerning the use  o f  cannulated animals and 

partly concerning the appropriateness of  the apparent es t imat e  of prot

ein diges t ib i l i t y ,  however ,  p rompt s  an evaluat ion o f  the prac t ical 

applicat ion of  est ima t es of apparent ileal diges t ib i l i ty . 



CHAPTER 2 

THE DETERMI NATION AND ASSESSMENT OF APPARENT ILEAL DIGESTI BILITY 

COEFFICI ENTS FOR CRUDE PROTEIN  AND AMINO ACIDS I N  SONE 

FOODSTUFFS FOR THE GROWING PIG  (20  TO 80 Kg LIVEWEIGHT ) . 

I I . 2 . 1 Introduct ion 

74  

Al though the de terminat ion o f  digest ibili ty coe f f i c ients  for amino 

acids in foods tuf fs is  an int egral part of pro tein qual ity  eva lua t ion , 

re liab le data are spars e .  In the pas t s tudies have been made to de t er

mine the faecal diges t ib i lity  o f  crude pro tein and amino acids  in many 

foods . It is apparent from the rev iew of litera t ure ( I l . 1 ) , however , 

that  there is doub t regard ing the int erpretat ion of faecal val ues . 

Ileal analysis of fers promise as an alt ernat ive t echnique in  diges t ib

i l i ty s tudies . 

The following chap t er des cribes an experimental programme the 

obj e c t ives of  which were t hree-fo l d .  The primary a im o f  the  s t udy was 

the det e rmination of apparen t  il eal d iges t ib i l i ty coef f i c ient s for 

amino acids and crude protein in several foods t uf f s  for the  growing p ig . 

In view of  dif ficul t ies experienced in working wi t h  cannula ted 

pigs  the second o bj ective was to cont ribute  t o  the developmen t o f  a 

more rout ine me thod for determining i l eal digest ib il ity . To t his  end 

a comparison of  the apparent i l eal  digestibility  of  dietary crude prot

e in was made be tween the  rat and the  p i g .  

Finally , i t  was intended t o  evaluate the accuracy of  apparent 

e s t imates  of i l eal amino acid diges t ib il i t y  for predict ing the d iges t ion 

and absorp t ion of amino acids in the  g rowing pig .  



I I . 2 . 2  De terminat ion o f  the Diges tibility of  Die tary Crude P ro tein 

and Amino Aci ds in Protein Sources for the Growing P ig 

( i )  Introduc tion 

The purpose  of  this s tud y was to ob tain e s t ima tes of  the 

degree of digest ion and absorption of crude prot ein and amino ac ids  in 

several foodstuffs  for growing pigs . 
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It was cri tical to the des ign of the experiments reported in part 

one of  this thesis  tha t the prot ein sour ce of the basal diet ( refer 

I . 2 . 2 . ii i )  be comple tely digested and absorbed . According ly , an initial  

s tudy was conducted to determine the diges t ib il ity of the p rot ein com

ponent of the basal diet . Upon completion of this s tudy the apparent 

i l eal diges tibil i t i es of  amino acids in barley- , pea- , mea t-and-bone

and fish-meal were det ermined . 

( ii )  The diges tib ility  of  crude protein and amino a ci ds in a 

casein , amino acid based ( basal)  diet  

(a )  Experimental procedure . 

Animal s .  Nine Landrace X Large White  ent i re male pig s  

each o f  approxima tely 25  K g  l iveweight were s elected  a t  random f rom a 

g ro up of  pigs at the Pig Research Cent re , Massey Universi ty . The pigs 

were penned individually for seven days prior to undergo ing s urgery to 

ef fect  permanent impl antation of T-piece ileal cannula e .  Three animals 

died pos t-operat ively and in two cases post-mortem examination rev ealed 

adhesions between parts of the int estines and the area of  cannula inser

tion. S ix boars of 35 Kg average liveweight had resumed normal f ood  

intake and appeared in good heal th three weeks f o llowing surgery . Thes e 

boars were used in the present s tudy .  

Design of  T-piece cannulae . Int es t inal T-shaped can

nulae were handmade f rom rigid polyvinyl chloride plumb ing f it tings . The 

base was adap t ed f rom a three-way connector o f  1 5 . 9 mm out er d iame t er 

and 12 . 7  mm inner  diameter.  The stem was a 45  mm l ength o f  tubing o f  

1 8 . 9 mm outer diameter and 15 . 9  mm inner d iameter .  The d es ign and 

method of cons truction of the cannulae were s imilar to t ho s e  d es cribed 
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by  Gargallo and Zimmerman ( 1980 ) . 

Surge ry and an imal care . The surgical  p ro cedure was 

s imi lar to that described by Garga l lo and Zimmerman ( 1 980; . Fa s t ed 

pigs (24  hours ) were lightly  sedated wi t h  azaperone ( S t resnil ; E thno r ,  

Sydney , Aus t ralia) ( 40 mg/20 Kg livewei ght ) and anaesthesia was induced 

and main t ained with halothane (Fluothane ; I . C . l . , New Zealand ) . The 

pigs we re placed in lef t lateral re cumbency and the s urgi cal area was 

shaved and disin f e c t ed .  A seven cm incis ion was made s t a r t ing four cm 

below the t ransverse pro cess o f  the f i f t h  lumbar vert ebra and proceeding 

in a ventral dire c t ion . The abdominal mus cles were incised parallel to 

the direct ion of their fibre s .  The t e rminal part of  the ileum was loc

ated and exteriorise d ,  and a two cm incis ion on the ant imesen t eric si de 

of the ileum was made approximat ely 1 5  cm cranial t o  the i l eo-caecal 

valve . The cannula was insert ed into t he ileum and a doub le purse

s t ring sut ure was placed around the s t em .  The ileal cannula was ext er

iorised through a s tab wound in the right abdominal wall c l os e t o  the 

incis ion s i t e .  A broad s pe c t rum ant ib i o t i c  ( S t reptopen ; Glaxo , New 

Zealand)  was adminis t ered int ramus cularly ( 5  cm 3 ) immed iately fol lowing 

s urgery and the dose was repeated two days after  s urgery . The skin 

sut ures were removed e ight days pos t-surgery . 

The cannulat ed animals were housed in smooth-wal led me t abol i sm 

crates o f  a modi fied  des ign which allowed easy s ide acces s , and were 

kept in a con t rolled env i ronment  at  an amb ient t emperature of  2 1  ± l ° C .  

An ini tial l iquid  d i e t  ( re cons t i t uted  milk for t hree day s )  was fol

lowed by the feeding of a barley-bas ed pig grower d ie t .  The area 

surrounding the cannula of  each f ig was washed daily wi th  warm wat e r  

and dis inf e c t ant  and t he s kin around t h e  cannula was t reated  w i t h  an 

ant ibiotic  cream.  

Die ts . A d i e t  was formulat ed s imilar t o  t he basal 

diet des c r ibed in part one of t h is thesis  ( re f er I . 2 . 2 . ii i ) . The com

pos it ion o f  t he d i e t  i s  given in Table 11 . 2 . 1 .  

The d i e t  cont ained chromic oxide a s  an ind igest ible  marker but  

did  no t con tain maize  o i l  as  it  was considered that t h is may interfere 

with  an even dis t ribut ion o f  the marker throughout the die t .  Maize  



Table I I . 2 . 1 Ingredient compo s i t ion of a casein , amino acid  based 

(basal )  die t .  

Ingred ient 

Enzymatically hydrolys ed 
cas ein plus amino acids t 1 

Puri f ied  cellulose 

Sucrose 

Haize s tarch 

Ch romic oxide 

Hineral , v i t amin supplementt 2 

( g/Kg air-dry 

9 5 . 50 

3 3 . 2 0 

6 6 . 60 

764 . 30 

2 . 50 

3 7 . 90  

t 1 Refer  Table I . 2 . 4  for  the amino acid 

compos it ion o f  the basal d ie t . 

t 2  Ref e r  Table  1 . 2 . 2  f o r  the compos i tion 

o f  the mineral , v i t amin s upplement . 

we igh t )  

o i l  was s uppl i ed to the  p i g s  s eparat ely f rom the diet . A pro t ein-f ree 

diet was also formulated ,  the compo s ition of whi ch is giv en in Table  

1 1 . 2 . 2 . 

General conduct of  s t udy. Each o f  the two diets  was 

fed to three pigs , the f eeding l evels being as previously described 

( l . 2 . 6 . i i . b ) . A pig was f ed i ts respectiv e  experimental d i et for t en 

days , this comprising an e ight-day dietary accus toming period followed 

by a two-day ileal collection perio d .  Each meal was given wi th water 

and no ext ra wat e r  was s upplied to  the pigs . 

The pigs were s p l i t- f ed their daily meal allowance at 0 8 . 00 h 

and 2 0 . 00 h ,  respectivel y .  Samples o f  ileal  diges ta  ( lOO cm3 ) were 

collected at two , four ,  six,  eight and t en hours af t er the morning 

7 7  

feed . The collection o f  digest a was f a c i l i tated  b y  a t taching a rubber 

balloon to the s tem of the cannula .  The i l ea l  cont ents were f rozen 

immediately following t heir coll ection .  The t o tal  f aecal output o f  each 



Table I I . 2 . 2  Ingredient composition of a protein-f ree di e t .  

Ingre dient  (g/ Kg a i r-d ry 

Mai ze s tarch 842 . 80 

Puri f i ed cel lulose 3 6 . 60 

Sucrose 7 3 .  10 

Ch romic oxide 2 . 50 

Dicalcium phosphat e 3 . 00 

Mineral , vitamin supplemen tt 1 42 . 00 

t 1 Refer  Tab le 1 . 2 . 2  for  the compos i t ion o f  

the mineral , vitamin supplement .  

weigh t )  

pig was collected over t h e  f inal two days o f  the die tary a cc us toming 

period and was thoroughly mixed and subsampled .  The f rozen i leal dig

e s ta s amples for each pig we re subseq uently  thawed , mixed and a repres

entat ive sub-sample taken . Samples of  faeces and ileal d iges ta were 

f reeze-dried and along with sampl es of the  diets  were f inely ground 

and s t o red at  -20 ° C p rior to the determinat ion of d ry mat t e r ,  chromium , 

n i t rogen and amino acid s .  The apparent f aecal and ileal diges-

t ib il i ty coef f i ci ents  for crude prot ein and t he apparent i l eal d igest

ib i l i ty coef f i ci en t s  fo r amino a cids were calculated.  An est ima t e  of 

faecal and ileal endogenous exc retion ( p ro te in-f ree diet ) al lowed the 

calculat ion o f  t rue est imates of  diges t ib i l ity . 
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Analytical me thods . Dry mat t er analyses were performed 

in dupli cat e ,  as described earlier ( re f e r  1 . 2 . 2 . vii . a ) . Total  nit rogen 

was dete rmined in dup li cat e  samp les following the Kj eldahl method 

( refer  I . 2 . 2 . vii . d ) . Crude p ro t e in cont ent  was calculat ed as  nit rogen 

mul tiplied by the f actor  6 . 25 .  Amino acid  compos i tions we re determined 

on dup l i cate samp les using ion-exchange chromatography . The method of 

analys is was essentially the s�ne as  that described in part one  o f  the 

thesis ( re f er I . 2 . 2 . vi i . g) . Each hydrolysis was condu c t ed for  2 4  hours 

only , however , and the perf o rmic acid oxidat ion of methionine and 



cys tine was not undertaken . Tryp tophan was no t determined .  Chromi um 

contents  were determined in  duplicate  f o ll owing the me thod out l ined by 

Fisher and Lee ( 19 82 ) . Th is me thod invo lves f usion of  the samp le  with 

sodium peroxide foll owed by determinat ion of  chromi um con t ent by 

induct ively-coupled  argon plasma emis s ion spectrometry .  

( b )  Resul t s  

7 9  

Due to f o o d  refusals , i l eal d iges ta samp les were obt ained 

from only two pigs  f e d  the casein , amino acid-bas ed diet  and from one 

pig fed the prot ein- f re e  d i e t  whi l s t  faecal s ampl�s were obtained f rom 

three p igs fed the basal diet  and from one p i g  g iven the p ro t ein-f ree 

d i e t .  The faecal and i l eal  crude pro t ein dige s t i b i l i t y  coe f f ic ien t s  

are given i n  Table  11 . 2 . 3 . 

Tabl e  I I .  2 .  3 The digest ib i l i ty o f  crude Erot ein in the cas e in 

amino acid  b ased  (basal)  die t .  

A£Earent diges tib  ili ty True digestibil ity 

P ig Fae cal I leal Faecal I leal 

1 0 . 9 69 0 .  89 1 1 . 0 1 0  0 . 99 7  

2 0 . 9 6 6  1 .  008 

3 0 . 9 6 3  0 .  892 1 . 004 0 . 99 8  

:-1ean 0 . 9 6 6  0 .  89 2 1 .  00 7 0 . 99 8  

The data in Table  1 1 . 2 . 3 exh ib it  extremely close agreement be tween 

individual pigs for e a ch measure o f  d iges t ib il i ty . There was a l arge 

d i f f erence be tween the mean e s t imates o f  apparent d igest ib il i ty though 

only a negligible d i f f erence  be tween the  mean es t imates o f  true diges

tibili ty of  crude p ro t e i n .  

The coe f f i cients  o f  i l eal amino acid  d ige s t ib il i t y  a r e  g iven i n  

Table I I . 2 . 4 . 



Tab le I I . 2 . 4  

Amino acid 

Lys ine 

Me thion ine t 1 

H is ti dine 

Pheny lalanine 

Tyrosine 

Threonine 

Leucine 

Isoleucine 

Val ine 

Aspart i c  acid 

Se rine 

Glutami c acid 

P ro l ine 

Glycine 

Alanine 

Arginine 

Overal l  mean 

The il eal d iges tibility of  amino ac ids in the casein 

amino acid  based (basal )  diet . 

Apparent diges t ibil i ty 

Pig  1 Pig  3 Mean 

0 . 94 7  0 . 9 5 8  0 . 953  

0 . 9 5 7  0 . 96 1  0 . 959 

0 . 8 7 1  0 . 90 1  0 . 886 

0 . 892 0 . 9 1 0 0 . 90 1  

0 . 830 0 . 830 0 . 830 

0 . 906  0 . 9 30 0 . 9 1 8 

0 . 929  0 . 944 0 . 937  

0 . 886 0 . 909 0 . 898 

0 . 9 04 0 . 92 3  0 . 9 1 4 

0 . 872  0 . 8 7 1  0 . 872 

0 . 8 1 8  0 . 864 0 . 84 1  

0 . 90 7  0 . 926  0 . 9 1 7 

0 . 898 0 . 9 1 4 0 . 906 

0 . 895 0 . 82 1  0 . 85 8 

0 . 833  0 . 869 0 . 85 1  

0 . 9 4 5  0 . 949 0 . 94 7  

0 .  899 

True diges t ib i l ity 

Pig 1 P ig 3 Mean 

0 . 9 84 0 . 995 0 . 990 

0 . 9 75 0 . 980 0 . 9 78 

0 . 944 0 . 9 74 0 . 9 59 

1 . 0 1 4  1 . 032 1 . 02 3  

1 . 0 36 1 . 040  1 . 0 38 

0 . 9 84 1 .  00 8 0 . 9 9 6 

0 . 983  0 . 99 7  0 . 990  

0 . 950 0 . 9 7 3  0 . 9 62 

0 . 968  0 . 9 86 0 . 9 7 7  

0 . 945  0 . 944 0 . 9 4 5  

0 . 9 1 3  0 . 9 60 0 . 9 3 7  

0 . 9 36 0 . 9 55 0 . 9 4 6  

1 . 0 7 7  1 . 09 3  1 . 085 

1 . 1 78 1 . 104 1 . 14 1  

0 . 9 85 1 . 02 1  1 . 00 3  

1 . 0 1 2 1 . 0 1 6  1 . 0 14 

0 . 999  

t 1 The methionine dat a should be int erpreted with 

caution due to  the pos s ible  partial  loss o f  

methion ine during the acid hydrolysis . 
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The f igures given in Tab le  I I . 2 . 4  demons trate very good agreement 

between the two pigs within each measure o f  diges t ibility . The values 

for s erine and glycine , howeve r ,  were notably d i f ferent for the anim

als .  The mean apparen t diges t ib i l ity  ranged from 0 . 830 for t yros ine 

to 0 . 959 for methionine , and mean true diges t ibil ity ranged  f rom 0 . 937  

for  serine to  1 . 1 4 1  for glycine . 

( c ) Dis cuss ion 

8 1  

On the basis of  these resul ts i t  seems that the pro t e in 

component of  the basal diet , which compri sed  a mixt ure o f  enzymat ically 

hydrol ysed casein and synthe t i c  amino acids , was virtually comp l e t ely 

d iges t ed and absorbe d .  This f inding i s  support ed by Clegg , Smit h  and 

Eggum ( 19 80 ) , who , us ing the rat , found a very high d iges t ibility  for 

the nit rogen in enzymat ically hydro lysed casein and in a mix ture o f  

synthe t i c  amino acids s imulat ing the enzymatic  hydrolysat e .  The latter  

wo rkers repo rted respect ive values for  t rue faecal diges t ibili t y  o f  

0 . 9 7 7 and 1 . 00 3 .  Further , Low ( 19 80a) has reported high values ( 0 . 89 5 ,  

0 . 9 1 0 )  for the apparent ileal diges t ib i lity  o f  crude pro t e in i n  casein 

f ed to the growing pig .  

I t  i s  int eres t ing to no t e  t hat  the  present value for the  apparent 

faecal diges t ibility  of dietary crude pro t ein was markedly grea t e r  than 

the correspond ing ileal value yet  the true faecal diges tibility  o f  

diet ary crude pro t e in was almost  the s ame as the  t rue i l eal value .  The 

dat a s uggest  that virt ually  all  o f  the dietary n i t rogen was absorbed 

ant e rior to the t e rminal ileum and consequen t ly there was no bact erial 

degradat ion of dietary n i t ro gen in the large intes tine . I t  s eems t hat 

endogenous n i t rogen remaining undiges ted at t he end of the ileum was 

largely broken down by the hindgut b act eria.  Similarity b etween t h e  

faecal and i leal est imat es o f  t rue diges t ib il i ty o f  crude p ro t ein f o r  

t h e  highly diges t ib l e  casej n d i e t  is  consis tent with the f ind ings o f  

Poppe and Meier ( 19 77 ) . This  s imilarity is unders t andab l e  a s  with 

diets containing highly diges t ib l e  prot ein mos t  is  abs orbed  before the 

digesta enter the l arge inte s t ine  whereas with p ro t e in sources of lower 

digest ib i lity there are l arger residues to undergo a disappearance o f  

pro tein between the t e rminal  ileum and rectum.  
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I t  is well es tab lished ( Taverne r ,  1 9 79 ,  and Bressan i ,  Torun , El ias , 

Navarrete  and Vargas , 1 9 8 1 )  that at  low dietary pro t ein intakes the 

apparen t  diges tibi l i ty of  prot ein increases with increas ing d ietary 

� ro t ein int ake . This e f fect is  considered t o  be due to  the relat ive ly 

greater  con tribut ion of  endogenous pro t ein s ources at  lowe r d ietary 

p rote in l evel s .  Taverner ( 19 79 )  noted that as the pro tein con t ent  o f  

a wheat-based diet was increased f rom 64 to  9 6  g/Kg ,  the apparent il eal 

d iges tibility  of lys ine in creased f rom 0 . 690 to 0 . 7 70 .  The basal diet  

used in  the  present s tudy con tained only 83 g c rude protein/Kg which 

may explain the lower values ob ta ined for the apparen t il eal digest ib

i l i ty of nit rogen and amino acids . 

Because of the pos s ible e f f e c t  o f  endogenous protein secret ion on 

the determination o f  the apparent es timat es of  d iges t ibi l i ty in the 

presen t  s t udy i t  seems mos t  app ropriate to  place emphas is  on the t rue 

diges t ibil ity values . The present es t imates o f  t rue digest ibil ity , 

however ,  were based upon a co rrect ion for  endogenous loss d e rived by 

f eeding a pro t ein-f ree  diet , an approach whi ch is  open to  cri t i c ism 

( re f er I I . l ) . The work des cribed here may be further c ri t i c ised  in 

that the meas urement of endogenous exc ret ion was made on only one 

animal . I t  is  encouraging , however ,  that the present e s t imat e  of the 

amoun t of  ni t rogen voided endogenously was very s imilar to a mean value 

based on the s tudies of Taverner ( 19 79 )  and Saue r ,  Sto thers and Parker 

( 19 7 7� ( refer Appendix I I . 1 ) .  

The amino a c id composi tion of  the endogenous secret ion o f  the 

growing pig is influenced by the f eeding of a protein- f ree diet 

( Taverner ,  19 79) . I t  s eems that relat ively high levels o f  proline  and 

glyc ine are charact erist ic of the protein-f ree regime . In this respect 

it is s igni ficant that the presen t ly determined values for the t rue 

ileal diges t ibility o f  glycine and proline markedly exceed unity . 

Sauer ( 1982 )  also n o t ed problems in the int erpretat ion o f  t rue e s t im

a t es of  amino acid  d iges tibility  in s t udies in which the endogenous 

ileal amino acid l evels were determined by the use of pro t e in-f ree 

diets . It was reasoned ( Sauer , 1 982 )  that if endogenous values o f  

p ro l ine and glycine  are overes t imated  b y  f eeding a protein- free diet , 

t hen endogenous values o f  all  o ther amino acids are also p robably over

e s t imated.  Taverner ( 19 79 )  argue d ,  however , that the overest imat ion o f  

the  ileal level s  o f  proline and g lycine was a n  artefact  o f  the p ro t e in-

t Hereafter Sauer et a l .  ( 19 7 7b) . 
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f ree feeding regime and typical only of  these amino acids . There is 

evidence in fact noted  by Moughan and Smith ( 1 982 )  which sugges t s  that 

the excret ion of ileal endogenous pro t e in may be underest imated fol

lowing the feeding of a prote in- free diet . The st udy of  Tave rner ( 19 79 )  

also clearly demons trated an e f fect of  the  level o f  cellulose in 

prot ein-free diets on the ileal excret ion of endogenous nitrogen and 

amino acids . In the present study , however ,  the daily intake o f  cel

lulose was the same for  animals  fed the prot ein- free and b asal diet s .  

Because o f  the inadequacies o f  the f aecal measurement o f  d iges

tibility  and with view to the unce rtain nature of the correct ion for 

endogenous levels of amino acids , the best measure of the d igest ib il ity 

of  the basal dietary p rot ein is the t rue ileal digestibility of crude 

prot ein . In this respect the present data , accept ing that they are 

based on a limi ted number o f  obs ervat ions , indicate  that the  p rotein 

component o f  the basal diet was fully digested and absorb ed and thus 

support the use of  the  b asal  diet in the experiment al approach reported 

in part one of this thes is .  

( iii )  The apparent ileal diges t ib i l ity o f  amino acids  in 

barley- , pea- , meat-and-bone- and f ish-meal 

( a )  Experimental procedure 

Animal s .  Four Landrace X Large Wh i t e  ·ent ire mal e  

pigs , each cannulated at the t e rminal i leum w i t h  a T-piece  cannula , 

were use d .  Individual pig  l iveweight s  o n  introduct ion to t h e  test  

d ie ts , ranged f rom 40 t o  5 0  Kg . The cannula des ign , surgical pro cedure 

and animal care were as d es crib ed in the previous sect ion ( D. 2 . 2 . ii . a ) .  

Diets . Four diets  were p repare d ,  the ingredient corn

pos i t ions o f  which are given in Tab le 1 1 . 2 . 5 . 

Barley- , pea- , meat-and-bone- and f ish-meal were each - used  as  

sole  s ources o f  dietary protein . The diets  were formulated , us ing 

determined values for the chemical composit ions of the ingred i ents , 

to cont ain the same levels of c rude p ro t e in ( 92 . 20 g/Kg air-dry weight ) 

and acid det ergent  fibre ( 82 . 30 g/Kg air-dry weight ) . Chromic oxide 

was added to each diet as an indiges t ible  marker for the determinat ion 



Ta h l e 1 1 . 2 . 5  Th e i ngr e c.l i en l  compo s i t i o ns (g/ Kg a i r- d ry w e igh t )  o f  t h e d i e t s .  

B a r l ey P eas t-1ea t - an d - b o n e  F i s h 

B a r l e y-meal  9 5 0 . 0 - - -

Me a t- an d-b o n e-meal - - 1 6 9 . 4 -

F i s h-me a l  - - - 1 4 8 . 4  

P e a-m e a l  - 4 8 5 . 0  - -

M a i z e  s ta r ch  - 4 0 4 . 7 6 3 8 . 3 6 6 0 . 3 

S u c ro s e  - 5 0 . 0  1 0 ! l . O  1 00 . 0  

Ce l l ulo s e  2 4 . 3  3 3 . 3 8 2 . 3  8 2 . 3  

Ch ro m i c  o x i de 2 . 5  2 . 5  2 . 5  2 .  5 

M i n e r a l , v i t am i n  s upp l emen t t 1 
2 . 5  2 .  5 2 . 5  2 .  5 

S o d i um c h l o r i d e  2 . 0  2 . 0  2 . 0  1 . 0 

P o t as s i um c arbon a t e  - - 3 . 0  3 . 0  

Di- ca l c i um phos pha t e  1 8 .  7 2 0 . 0  - -

t 1 Tasm i x , p i g  g rower, mineral v i t am i n  p r em i x  ( Ta s man V a c c i n e s  Lt d . , Au c k l and , 

New Zea land ) . 

CO 
.r:-. 
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of ileal di ges tibility val ues . Maize oil  was s upplied as an extra

dietary s upplement to avoid p roblems with obtaining an even dist ribut ion 

of chromic oxide in the feed . 

General conduct o f  s tudy. The experiment was planned 

as a 4 ( pigs ) x 4 ( diet s )  Latin-sq uare des ign . Daily food intake was 

res tricted to 0 . 10  of met abolic  l iveweight ( W 0 • 7 5 ) .  Samples  o f  ileal 

digesta were co llected f rom the pigs . The feeding and i l eal digesta 

collect ion procedures we re as described for  the previous s t udy ( ll. 2 . 2 . 

i i . a ) . Representat ive samples o f  ileal d igesta were f reeze-dried and 

along with samples o f  the diets  were f inel y ground and s tored at -20° ( .  

prior to the determinat ion o f  their amino acid , n itrogen and chromium 

con tents . The apparen t ileal digestibil ity  coeffic ients for  amino 

acids and crude pro tein were calculated .  

Analyti cal methods . Refer  to Section 1L 2 . 2 . i i . a  for  

the methods of  de terminat ion o f  total nit rogen and chromi um. Amino 

acid compos i t ions were determined using ion-exchange chromatography . 

The analyses were conducted on an L . K . B .  4 1 50 amino acid  analyse r .  

Duplicate s amples o f  material ( 20 mg) were each hydrolysed in 4 cm 3 o f  

6 . 8H HCl a t  1 10 ° ± 2 ° C for  2 2  hours in tubes sealed under  vacuum.  Bec

ause o f  des truct ion under acid hydrolys is , tryp tophan , meth ionine and 

cys tine were not determined .  P ro l ine was also not determined as this 

amino acid could not be detected by the s ingle-channel int egrator con

nected to the amino acid  analyser .  Duplicate samples of b arl ey- and 

pea-meal were analysed f o r  acid  detergent fibre following the method of  

Van Soes t ( 19 6 3) . 

Statis tical analys is . A l inear model wh ich included 

t e rms for die t ,  amino acid ,  and diet x amino acid was f it t ed to the 

dat a .  As  the data  set  was unbalanced reduct ions in sums of  squares  

were used  to determine l evels o f  significance .  

( b )  Results  

In several ins tances food refusals were encount ered 

and consequently the 4 x 4 Lat in-square design was not accomplished . 

Whenever necessary , t rials were repeated until four s amples o f  i leal 

diges ta had been obtained for each of the four diet s .  Chemical analysis 
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showed that f ive of  the ileal d iges ta s ampl es had abnormally h igh prot

ein to chromium rat ios and so  the es t imates of  diges t ib i l ity  pertaining 

to thes e s amples were not included in the s tatistical analys is . Data 

were availab le for analysis  f rom three pigs f ed the barley diet , four·  

fed the pea diet , two f ed the meat-and-bone diet and two fed the f ish 

diet . 

The s t atist ical analysis o f  the data showed a s ignificant ( P  < 0 . 00 1) 

f i rs t  order ( d iet x amino acid)  interact ion . The coef f ic i ent of  deter

mina tion ( R2 ) indicat ed that 0 . 9 3 o f  the variat ion in ileal d igest ibil

it ies was explained by f i tt ing the least squares model . The mean 

coe f f i cients of apparent ileal amino acid diges tib i l ity are given in 

Tab le 1 1 . 2 . 6 .  The mean e s t imates of the apparent il eal diges t ib il i ty 

o f  crude protein , whi ch are not given in Tab le  11 . 2 . 6 ,  were 0 .  70 7 for 

the barley diet , 0 . 6 89 for the pea diet , 0 . 658  for the meat-and-bone 

diet  and 0 . 820 for the f ish diet . 

The apparent i leal amino acid diges tib ility  coef f i ci ents  for barley

meal ranged f rom 0 . 6 32 for glyc ine to 0 . 838 for glutamic acid .  The 

corres ponding range for pea-meal was f rom 0 . 633  for glycine to 0 . 768  for 

phenylalanine ; for meat-and-bone-meal was f rom 0 . 548  for threonine to 

0 . 75 3  for arginine and for f ish-meal was f rom 0. 786 for glycine to 

0 . 89 3  for l eucine . 

( c ) Discuss ion . 

The data obtained in this s tudy supply valuable  infor

ma tion on the d iges t ib i l i t i es of  amino acids in four impo rtant protein 

s ources for  the growing pig .  The s tat ist ically s igni f icant f irst order 

interact ion indi cates that the d i ff erences among digest ib i l ity  coeff ic

i ents  for  amino acids within a di et were not the same from diet  to diet . 

The res idual variat ion after having f itt ed the linear mode l  was small  

which shows that  the variat ion between animals within diets  for ileal 

d iges t ibility  was relatively l ow .  

There were cons iderab le di f f erences i n  diges t ibil i ty among amino 

acids within a prote in s ource which suggests the unsuitab ility o f  us ing 

c rude p rotein diges tib ility as a common factor for indicat ing the 

d iges t ib il i ty o f  d ietary amino acids . Also , it is interest ing to note  



Tab l e  I I .  2 .  6 Mean coe f f i c i en t s  o f  appa ren t i l eal  amino a c i u  d iges t ib i l i ty in f o u r  d i e t a ry pro t e i n  sou rces f o r  

t h e  grow ing pig . 

P ro t e in 

source Lys . H i s t .  Phen . Ty r .  T h r e . 

Barley- o .  7 4 4  0 .  7 74 0 . 8 1 6  0 . 809 o .  7 3 7  
meal 

Pea- 0 .  7 34 0 .  73 1 0 .  7 6 8  o .  7 35 0 . 6 5 9  
mea l  

F is h- o .  89 2 0 .  82 1 0 . 890 0 . 88 1  0 . 7 9 8  
meal 

Meat- &-
bone- 0 . 6 5 4  o .  7 2 0  0 .  7 5 2  0 . 6 4 7  0 .  5 4 8  
meal 

- ----- ----

t l  Lys .  = l y s ine I so . 

H is t . = h i s t i d ine V a l . 

Phen . = pheny lalan ine Asp . 

T y r .  = t y ros ine S e r .  

Tlue . = t hreon ine G l u . 

Leu c .  = l eu c i ne G l y . 

Amino a c i d  t 1 

Leu c . I so . 

0 .  7 88 0 .  7 8 1  

o .  739 0 .  701 

0 .  89 3 0 .  882 

0 . 6 5 6  0 . 6 4 3  

� --- -- ----

= i s o l e u c ine 

= v a l i n e  

V a l . 

0 .  7 71 

0 . 6 9 7  

0 . 863 

0 . 6 7 6  

= a s p a r t i c  a c i d  

= s e r i n e  

= g l u t am i c  a c id 

= g l yc i n e  

As p .  

0 .  7 2 7  

o .  7 3 7  

0 .  793  

0 . 5 9 1  

S e r .  G l u .  Gly . Al a .  Arg . 

o .  7 5 4  0 . 838 0 . 632 0 .  7 4 4  0 .  7 9 7  

0 . 7 0 8  0 .  7 4 6  0 . 6 33 0 . 6 9 1  0 . 7 61 

0 . 82 0  0 .  8 82 0 .  7 8 6 0 . 8 7 4  0. 885  

0 . 6 0 8  0 .  6 71 0 .  713 0 .  733 0 . 7 5 3  

�-- - - ----- -� --- -

Ala . = a l a n i n e  

Arg . = a rg i n i n e  

S . E . 

0 . 0 15 5  

0 . 0134 

0 . 0189 

0 . 0189 

------

CO 
-...J 



that most  o f  the amino acids were digested and absorbed to  a greater 

ext ent than the crude protein . This is  cons istent with  the f indings 
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of Sauer et a l .  ( 19 80)  and may be explained by the crude prot ein pos

sibly cont aining non-prot ein nitrogen compounds which have lower 

diges tibilit i es than the amino acids . In the future , i t  may be  possible 

with suffi cient data on spec ific  foodstuf f s , to develop relat ionships 

between the diges t ibil ity of  crude prot ein and that of individual amino 

acids . 

For most  o f  the ess ential amino acids , ileal digest ibilit i es were 

highes t in f ish-meal followed by barley-meal and pea-meal , and were 

lowes t in meat- and-bone-meal .  The relat ively low diges tibility o f  

amino acids i n  meat-and-bone-meal has also been reported by s everal 

other workers ( Tanksley and Knabe , 1 9 80 ; Fuller et a l . , 1 98 1 ,  and 

Jorgens en and Sauer , 1 9 82 ) . Further , relatively high values f or the 

diges tibi lity of amino acids in f ish-meal have been recorded ( Fuller et 
a l . , 1 9 8 1 ,  and Jorgens en and Sauer , 1 9 82 ) . Sauer , Kennelly and Aherne 

( 19 79 )  det ermined the apparent ileal digestibility  of amino acids  in 

various barley cult ivars and found very s imilar values to tho s e  reported 

in the present s tudy .  

Having es t ablished es timates o f  the apparent ileal d iges t ibility 

of  amino acids in s ingle prot ein sources it  was of  int eres t t o  ascertain 

whether these e s t imates were ' additive ' .  I t  is possible that there 

are effects  on amino acid digestibil i ty consequent upon the mixing of 

dif ferent protein s ources ( associat ive e f fects ) .  It is important to 

know whether the levels of  diges ted amino acids det ermined s eparately 

in differen t f eed ingredients  remain the s ame if these ingredients  are 

combined into a complete  die t .  

There w as s uf f i cient food remaining after  the det erminat ion of  the 

diges t ibil ity of amino acids in the s ingl e  protein sources to a ll ow 

preparation o f  a diet  containing equal proport ions o f  the barley- , pea- , 

meat-and-bone- and fish-meal diet s .  The mixed diet was fed  t o  one can

nulated boar and i leal diges ta were collected .  

P redicted and determined values for  the  apparent ileal  d iges tibil

ity of amino acids in the mixed diet are presented in Tabl e  1 1 . 2 . 7 . 



Tab le I I . 2 .  7 P redicted! 1 and determined apparent i l eal amino 

acid diges t ib i l i t ies in a mixed diet containing 

four pro tein sources . 

Apparent digestibil ity 

Amino acid P redict ed Determined 

Lys ine 0 .  7 74 0 .  756 

Histidine 0 .  764 0.  7 39 

Phenylalanine 0 . 809 0 . 809 

Tyros ine 0. 776  0 .  745  

Th reonine 0 .  690 0 . 686 

Leucine 0. 7 7 8  0 . 76 1  

I soleucine 0. 765 0 . 702 

Valine 0.  7 5 7  0 .  720 

Aspart i c  acid  0 .  72 1 0 .  707  

Serine 0. 726 0. 699 

Glutamic acid 0 .  795  0 .  7 79 

Glycine 0 .  70 3 0 . 69 7  

Alanine 0. 7 70 0 .  749 

Arginine 0 .  784 0 .  783 

t 1 Predicted d igest ib i l i t ies are b as ed on the 

data p resented in Table  1 1 . 2 . 6  and assume 

addit ivity of the respect ive d iges t ibility 

coe f f i ci ents . 

The determined amino acid diges t ib i l i ties  in the mixed p ro t ein 
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diet  were very close t o  the predicted values which were calculated  f rom 

a knowledge o f  the amino acid d igestib i l i t ies in barley- , p ea- , meat

and-bone- and f ish-meal . The maximum d i f f erence between p redi cted  and 

determined val ues was 0 . 063 for isoleucin e  and there was no d i f ference fo r 

phenyl al anin e .  The mean difference between p redict ed and actual values 
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was 0 . 02 0 . 

The present res ult provides no evidence , in terms of  amino acid  

diges t ib i l i ty ,  o f  associat ive effects  be tween the four prot ein sources 

in the mixed diet  and i t  is thus conc luded that the apparent es t imates 

of  amino acid d iges t ib i l i t y  behaved in an additive manner .  I t  i s  not ed , 

however ,  that the feeding level of  the mixed-prot ein diet  was the s ame 

as that employed in the determina t ion o f  the diges t ibil i ty of the amino 

acids in the s ingle-protein diets . I t  may also be mis lead ing to place 

emphas is  on the resul t s  f rom one anima l .  Nevertheless , the present res

ult  is in agreement wi th  Saue r ,  Ci chon and Oz imek ( 1 9 8 3 )  who found that 

the apparent il eal diges tibilit ies of amino acids in barl ey- and canol a

meal were addi tive .  These  init ial f indings encourage further res earch 

in this area. 

I l 2 . 3 A Comparison o f  the Apparent Digestibi lity of Dietary Crude 

Protein in  the Rat and P ig as Det ermined at the Terminal I l eum 

and over the Ent ire Diges tive Tract 

( i )  In t roduct ion 

I t  became obvious , in the ini t ial s t ages of  the previous trial 

( TI. 2 . 2 ) that the measurement of i leal digest ibility  using cannulated 

p i gs i s  not s t raight forward . I t  was also noted by Low ( l9 80a) tha t 

s tudies with  cann ulated animals are labour-intens ive and prone to  d i f

f i cu lt i es whi ch l ead to  the premature loss o f  animals . Small numbers 

of observat i ons per treatmen t have b een characteristic of  diges tibility 

s tudies involving cannulated pigs ( Low , 1 9 80h ) . 

The rat , considered to te sui table as a general mammalian model 

for nut ri tional research (Waddell and Desai , 1 9 8 1 ) , may serve as a 

useful model for the pig  in the nut rit ional evaluat ion o f  f eed ingred

i en t s .  The main advantage o f  using the rat for the determination o f  

p rotein diges tibi li ty is the ease of collection of  ileal conten t s  fol

lowing s laughter o f  the anima l .  

The present t rial , whi ch was o f  a preliminary nature , was undertaken 

to inves t igate  the s uitab i lity  o f  the growing rat as a model for the 

diges tion and absorption o f  dietary pro tein in the growing pig . The 

work reported here was conducted as an adj unct to study I I . 2 . 2 . ii i .  



( i i )  Exper imen tal procedure 

( a )  Animals 

The pigs used in the t rial were described in the prev

ious experimen t ( I l . 2 . 2 . i i i . a ) . 

Male Sprague Dawley weaned rats ( Small  Animal Produc t i on Un it , 

Massey Un ivers i ty )  o f  45-50 g body weight , were housed ind ividually in 

ra ised stainless s teel  cages . The t empera ture o f  t he animal house was 

maintained at 2 1 ° ± 1 ° C and ligh t ing was con t rolled by a 1 2-hour light

dark cycle . 

( b )  Diets 

9 1  

Four diets  were each f ed to ra t s  and pigs . The ingred

i ent  compos i t ions o f  the pig diets  were as given in Tab le 1 1 . 2 . 5 .  The 

ingredient  compos it ions of  the rat diets are presented in Tab l e  1 1 . 2 . 8 . 

Wi thin a species , all the diets were formulated us ing det ermined val ues 

for the chemical composi tions of the ingred ients , to contain the same 

levels of crude pro t e in ( rat diet s ,  84 . 0  and pig  d i et s ,  92 . 2 ,  g / Kg air

dry weight ) and acid det ergen t fibre ( rat  diets , 7 5 . 0  and pig diets , 

82 . 3 , g/Kg air- d ry weigh t ) . Chromic oxide was added to each d i e t  as an 

indiges t ible marker for the determina t ion o f  i leal and faecal d iges t ib

ility  values . Maize o il was suppl ied to  the pigs  as an ext ra- d i etary 

supplemen t to avoid  problems wi th obtain ing an even d i s t r ibut ion o f  

chromic oxide i n  the f eed . 

( c ) General conduct of  s tudy 

The experimental procedure for  the pigs  was as d escribed 

in the previous s tudy ( I 1 . 2 . 2 . ii i )  excep t ing that in ad dit ion to the 

coll ect ion of i leal diges ta , the faecal out put for each p i g  was collec t ed 

over the f inal two days of  the eight-day d i etary accus toming perio d .  

Rep resentat ive samples o f  the pig  f aeces and i leal diges ta were f reeze

dried and along with samples o f  the diets were f inely ground and s tored 

at - 2 0 ° C prior to the det erminat ion of  nitrogen and chromium .  

At  weaning a l l  rats were f e d  a s tarter d i e t  containing lactalbumin 



Tab le  I I. 2 . 8 Th e ingred i en t  compo s i t i on (g/ Kg a i r- d ry we igh t )  o f  f o u r  d i e t s  f o r  t h e  grow i ng r a t . 

B a r ley  Peas  Mea t- and-bone F i s h  
-

B a r l ey-m e a l  8 6 5 . 0  - - -

Me a t-and- bone-meal - - 1 5 4 . 0  -

F i s h-m e a l  - - - 1 3 5 . 0  

P ea-m e a l  - 4 4 2 . 0  - -

Ma i z e  s t a r c h  0 . 5 4 1  5 .  5 6 5 8 . 5 6 7 7 . 5 

Ma i z e  o i l  5 0 . 0  5 0 . 0  5 0 . 0  5 0 . 0  

C e l l u l o s e  2 2 . 0  3 0 . 0  7 5 . 0  7 5 . 0  

C h romi c o x i d e  2 .  5 2 .  5 2 . 5  2 . 5 

Mineral , v i t amin 
s u pp l em en t  t 6 0 . 0  6 0 . 0  6 0 . 0  6 0 . 0  

t T h e  compo s i t i on o f  t h e  m i n e ra l , v i tamin  s up p l em e n t  w a s  

as  des c r i b e d  by J ames an d T r e l o a r  ( 1 9 84 ) . 

\.0 
N 
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( 9 9 . 5  g c rude protein/Kg )  unt il  they had reached 80 g body weight . The 

rats were then randomly al located in a 4 ( d iets ) x 18 ( ra t s / d i et ) 

experimental des ign and fed the t est  diets  for eight days . Food and 

water we re avai lable  ad libitum. Individ ual body weigh ts  and food 

intakes we re recorded every two days . To tal faeces were co llec t ed 

ove r the final two days of  the trial , and fol lowing slaugh t er ( asphyx

iat ion in ca rbon dioxide gas followed by decap itat ion) d igesta  from 

the terminal 20 cm of  ileum was f lushed out with wa ter us ing a syringe . 

Faeces and i leal digesta f rom three ra ts were each pooled to  provide 

six  samples per d iet and these along w i th samples of  the d i et were 

freeze-dried and s tored at  -20 °C prior to the determinat ion o f  n i t rogen 

an d ch romium. 

The apparent i leal and faecal diges t ib i l ity coe f f icients  for  c rude 

pro t e in ,  in the rat and pig , were calcula ted . The original intent ion 

in this trial was to measure the diges t ib i l ity  of  prot ein in s ix dietary 

prot ein sources . Because o f  a lack of  acceptance by the pig o f  two o f  

the s ix protein s ources , howeve r ,  i t  was possible to study only  four 

protein  sources in this spe cies . The rat readily consumed the s ix 

ingredients  whi ch expl ains why there are s ix rat samples per d i e t , for  

i leal diges t a  and faeces  res pectively . 

( d ) Analyt ical me thods . 

Ref e r  to  s ection l l . 2 . 2 . i i . a for the methods of  det er

minat i on of  to tal  n i t rogen and chromium and re fer to sect ion I I . 2 . 2 . i i i . a 

for the method o f  det e rminat ion o f  acid detergent f ibre .  

( e) S ta t i s ti cal  analysis  

A l inear model which included terms for species , d i e t , 

diges t ib ility  type and int erac t ions was f i t t ed to the dat a .  To a c count 

for the unb alan ced  nat ure of the data reductions in sums of squares 

were used to  determine levels of  signif i cance .  

( ii i )  Resul t s  

A s  reported previously ( I I . 2 . 2 . i i i . b )  faecal and ileal d ig

e s t ibility data were available for  analys is from three pigs f ed the 

barley die t ,  four f e d  the pea d ie t ,  two f ed the meat-and-bone d i et and 
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two fed the fish diet . A complete set of  data ( s ix repl icates per diet ) 

was availab le from the rat . 

S tatistical  analysis of the data revealed a signi ficant ( P  < 0 . 00 1 ) 

second o r der int eract ion ( d iet x species x diges tib i l i t y  type)  and fur

the r anal y s is indicat ed that this had arisen as a result of the pea data 

alone .  I t  is notable  that the  mean il eal diges t ibility of crude prot ein 

in peas for the rat was higher than the co rres ponding faecal value ( rat  

i leal = 0 . 8 1 0 ,  rat  faecal = 0 .  7 7 4 ; pig ileal = 0 . 689 , pig faecal = 

0 . 852 ) .  Reanalys is of the data after excluding peas gave two s i gn i f ic

ant firs t order in terac t ions ( diges t ib ili ty  type x diet , P < 0 . 0 1 )  and 

( d iges t ib i l ity type x speci es , P < 0 . 0 5 ) . These int erac t ions are not 

unexpec ted .  Ac co rdingly the ileal and fae cal digest ibility data were 

analysed separat e l y .  The coeffic ients  of apparent digest ibil i ty of 

crude protein in fish-meal , mea t-and-bone-meal  and barley-meal are 

given in Tab le I I . 2 . 9 .  

The coe f f i c ien t s  of  determination ( R 2 ) indi cated that 0 . 9 7  o f  the  

variation in faecal diges t ib ilit ies and 0 .  7 7  of the variat ion in i l eal 

diges t ibilit ies were explained by f i t t ing the least squares model . 

When the data were analysed wit h in species  a significant ( P  < 0 . 05 )  

first order int eract ion ( diges t ibility  type x diet ) was apparent for 

both species . As shown in Table I I . 2 . 9  the  coef ficients o f  faecal  dig

es t ib i l i t y  of  crude pro t ein were greater than the corresponding i l eal 

coef f i c i ents  and the  d i f f erences between the d iges t ibility  ty�es were 

greater  for the pig  than the ra t .  

( iv ) Dis c uss ion 

The present f indings sugges t that the growing rat is a sat is

factory model for  the growing pig in t erms o f  the apparent il eal d iges

t ib i l i t y  of  crude pro t ein in f ish- , meat-and-bone- and barley-mea l .  The 

differences in i leal diges t ib ility  between t he species were not stat is

t i cally s i gnif i can t .  Also , the recorded d i f f erences were small f rom a 

practi cal perspect ive . The present results  s upport those o f  Taverner 

( 1 9 79 )  who found close agreement between the rat and the pig for the true 

i l eal d iges t ibility o f  n i trogen , in wheat . Also the init ial f in dings o f  

P icard , M .  ( pers . comm. , 1 9 83) suggest  a c lose  s imilarity  between the 



Tab l e  1 1 . 2 . 9  Th e me an appa ren t d ige s t ib i l i ty o f  c ru d e  pro t e i n  ( ±  S . E . )  i n  t l1 r e c  d i e t A ry i ngr e d i en t s  

as meas u re d  o n  i l ea l d ige s t a  o r  f a e c e s  in  t h e  r a t  a n d  t h e  pj� .  

Lev e l  o f  
s i gn i f i c an 

F i sh-me a l  Mea t - an d-bone-me a l  B a r l ey-meal ( b e tween 
s p e c i es  

Rat  P i g Rat P i g R a t  P i g \" i t  h i  n d i 

I l e a l  

d iges t ib i l i t y  0 .  8 1 8  :!. 0 . 0 1 n9 Ll . 82 0  ± 0 . 0 29 3 0 . 6 9 1  ± 0 . 0 1 69 0 .  6 5 8  ± o .  029 3 0 . 66 3  ± 0 . 0 1 69 0 .  7 0 7  ± 0 . 0 2 ).9 N S 

Fa e c al 

d i ges t ib i l i ty 0 .  8 76 ± 0 .  0069 0 .  9 2 0 � 0 .  00 L 2 .o . 7 7  5 ± o .  oon9  0 . 8 1 4  ± 0 . 00  1 2  0 .  6 70 ± 0 .  0069 0 . 7 5 2  ± 0 . 00 9 8 �'t -!c ,•c 

c e  

e t s )  

\0 
\J1 
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rat and p i g  f o r  the apparent and t rue il eal d igest ibilit ies  of  amino 

ac ids  in s everal pro t e in sources . Further , it  was no ted by Goranzon , 

Fo rsum , Hambraeus , Rundgren and Thi len ( 1 9 80)  that the utilisat ion o f  

prot ein i n  two mixed diets  was the same f o r  t h e  pig and t h e  rat and 

Bat terham ( 1 9 83 )  us ing the slope- rat io assay showed general agreemen t 

between the pig and the ra t for the ava ilab i l i t y  of  lysine in cot tons eed-, 

f i sh- , meat- , soyab ean- and sunf lower-meal . 

Agreemen t b e tween the pres en t values of  ra t and pig ileal  d igest ib

i l i t y  of c rude prot ein was no t close in the cas e of peas . In  this  res

pect it is notab l e  that Bat t erham ( 1 9 8 3)  repor t ed a poor relat ionship 

be tween the rat and the pig for the avai lab i l ity  of lysine  in ano ther 

type of legume ( lupin) . Furthermore , the present data show t hat the 

apparen t faf cal diges tibil ity of crude pro t e in in peas was lower than 

the i l eal value for the rat . The lat t er find ing is dif f i cult  to  explain 

al though it  is  possib le that bact erial fermentat ion in the rat is  inhib

i t ed by some factor  presen t  in the peas . This study ind icates t hat 

further investigat ion o f  the diges tibility  o f  pea pro tein in the pig and 

the ra t is warran ted.  In general , values for the apparent faecal d iges

t ib i l i t y  of c rude pro t e in were higher than the corresponding i l eal values 

which has been observed in numerous o ther s t ud i es ( Sauer e t  a l . � 1 9 80 ) . 

The d i f ferences be tween the rat and pig for the appa rent faecal 

diges t ib i l i t y  of c rude prot ein in fish- , barl ey- and meat-and-bone-meal 

were s t atis t ically  s ignifican t .  The faecal d iges t ibility  o f  crude prot

ein  being grea ter  in the pig than the  rat is  in  agreement with the f ind

ings o f  Poppe and Meier ( 1 9 72 )  and Slump , van Beek , Janssen , Terpstra ,  

Lenis and Smits  ( 1 9 7 7 )  and accords with the relatively greater s ize of  

the large int es t ine in the pig  (Wrong e t  a l . � 1 9 8 1 ) . 

The es t imat es o f  apparent ileal digest ib i l ity o f  crude pro t ein were 

mo re variab le than the faecal va lues . 

by  s everal o ther workers (J ust , 1 9 80) . 

The same conclusi on has b een reache 

Part o f  this  variab ility  may be du 

to varia t ion in endogenous secre tion . The determination o f  t rue i leal dig 

es tib i l i ty may thus af ford great er accuracy o f  predi c t ion o f  the d iges

t ib i li t y  of  dietary crude protein .  

The f in dings reported here certainly encourage further invest ig

at ion with the rat as a nutritional model for  the pig . It may well  be 



that use of  the rat will provide an inexpens ive and rout ine method for  

the determinat ion o f  the ileal diges t ib i lity  of  dietary pro t e ins for  

pigs . 

I I . 2 . 4  An Assessment o f  the Accuracy of  AEEa rent I leal Amino Ac id 

Diges tibility as a Measure o f  the  Diges tion and AbsorEt ion 

of Amino Acids by the Growing Pig 

( i ) Introduct ion 

There is reservat ion concerning the  accuracy o f  apparent 

ileal amino acid diges tibility  values for predict ing the degree of 

d igest ion and absorpt ion of amino acids during pig growth . 

Res earch is needed to establ ish the  reliab il i ty o f  es t imates o f  

apparent ileal amino acid  dige s t ibility  for  predict ing the ab ility  o f  

a foods tuf f t o  supply amino acids f o r  pro t ein synthesis in  t h e  pig 

( Low , 1 982 ) . This  also  appears to  be  the  case for the chicken 

( Parsons , 1 9 8 1 ) . 

9 7  

Al though several s tudies have been undertaken to  eval uat e  t h e  

application o f  apparent amino acid diges t ib i l ity  coe f fic ien t s  in dietary 

formulation the res ul t s  are not conclusive .  Poppe and Meier ( 19 7 7 )  d em

ons t rated that formulat ing a diet on the bas is  of  t ru ly d igested ( faeca l )  

amino acid  levels  as  opposed to  gross amino a cid levels permi t t ed a more  

precise predi ct ion of  rat  growth.  Further , the prel imina ry resu l t s  of  

Low e t  a l .  ( 1 9 82 )  suggest  that measurement of  t he apparent ileal d iges

tibil i ty of  the l imit ing amino acid in a diet  may be a sat is factory 

predic tor o f  its  deposit ion in the pig carcas s .  Als o , in s tudies con

ducted by Tanks l ey and Knabe ( 19 80 ,  1 9 82 )  the use o f  apparent i l eal  

amino acid  d iges tibi lity values allowed the  replacement o f  highly d iges

tible  dietary pro tein s ou rces by ingred i en t s  o f  lower diges tib i l it y , 

without adve rs ely a f f ecting pig performance . 

In cont ras t to  the  f indings o f  t he above-mentioned s t udi es , however , 

Fuller  et a l .  ( 19 8 1 )  found no increased precision in d ietary formulat ion 

by using values for the apparent dige s t ib i l i ty o f  amino aci ds at the  t er

minal ileum of the pig .  The latter s tudy involved a metabolism t rial in 
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wh ich ni t rogen balance was measured . Synthetic  amino acids  were added 

to  each of several food ingredi en ts  such that the total intakes o f  

amino acids for  each ingredient were cons idered t o  be ' ideal ' ( Agric

ult ural Res earch Counc i l ,  19 8 1 )  on ei ther an apparently d iges t ible or  

gross bas is . �l1en the suppl emen tat ion was based on apparent il eal 

d iges t ib i l ity , n i t rogen retent ion was not cons istently h igher than when 

i t  was based on gross amino acid cont en t .  As noted by Low ( 1 9 82 ) , 

howeve r ,  wh et her  the result was due to the unsuitabil ity  o f  the ileal  

measuremen ts o r  to  short comings in  the Agr i cu l t u ral Research Counc i l ' s  

recommended i deal amino acid balance , remains unc l ea r .  

Althougl1 t h e  maj o rity  o f  invest igat ions repo rted to  dat e have 

s hown tha t est imates o f  amino acid digestibility  permit increas ed e f f ic

i ency in dietary fo rmulat ion the degree of  accuracy with wh ich  apparent 

est imates of i l eal amino acid diges t ib i l ity  predict t he levels of absor

bed amino acids has no t been clearly estab lished .  

The present t rial  was des igned to det ermine whether estimat es o f  

apparent ileal amino acid diges t ib i l i ty are accurate measures o f  the  

degree o f  amino a c id d iges t ion and ab sorpt ion in  the  growing pig . 

( i i )  Expe rimental  procedure 

( a ) Animals  and hous ing. Twenty Landrace X Large Wh i t e  

en t i re male p i gs ( boars ) o f  about 1 5  K g  l ivewe ight were selected at 

random f rom a weaner pool at the P i g  Research Cent re , Mas s ey Univers i t y .  

The boars w e r e  ind ividually  penned i n  a controlled-environment building 

main t ained at  2 1
° ± l ° C and were eq ual ly and randomly allocated to  one 

or o ther o f  the two d ie t a ry regimes . 

( b )  Diets . A diet  was prepared which  contained barley- , 

pea- , meat-and-bone- and f ish-meal as the  only sourc� o f  pro t ein .  The 

l a t t e r  ingre d i en t s  were part  of the same batch of  material s f ed to the  

p i gs in  Tri al 1 1 . 2 . 2  f o r  the det erminat ion of  apparent il eal amino acid 

diges t ib i l i t y  coe f f i ci en t s . Whilst  await ing the determinat ion o f  amino 

a c id diges t ib i l i t ies  and subsequent us e in the  present  inve s t igation 

the  ingredien t s  were  kept in deep f reeze (-20 ° C) . The ingredient and 

dete rmined n u t r i en t  compos i t ions of this  diet (barley-based diet)  are 

g iven in Table  1 1 . 2 . 1 0 .  As shown in Tab le 1 1 . 2 . 1 1 ,  with reference to 



Tab le I I .  2 .  1 0  The ingredient and nut rient compos i t ions of  the 

barley-b as ed diet . 

Ingred ient 

Barley-meal 

Meat-and-bone-meal 

Fish-meal 

Pea-meal 

Vitamin , mineral s upplemen t t 1 
Sodium chloride 

An t ioxidan t ( Ethoxyquin) 

Nut rient  t 2 

Lysine * 

Meth ionine + cys t ine  * 

Tryptophan 

Hist idine * 

Phenylalanine + tyros ine * 

Threonine * 

Leucine * 

I so leucine * 

Valine * 

�on-essen t ial amino acids * 

Cal cium 

Phosphorus 

Sodium 

Chlo ride 

Potassium 

Crude fibre 

Apparen t  diges t ib le energy* 
( MJ / Kg air-dry weight)  

ComEosit ion 

( g / Kg air-dry weight ) 

84 1 . 3 1 

7 0 . 00 

50 . 00 

34 . 00 

2 . 50 

2 . 00 

0 .  1 9  

ComEosit ion 

( g/ Kg air-dry weigh t )  

8 . 92  

6 .  70 

1 .  60 

3 . 90 

1 3 .  1 0  

6 . 50 

1 2 . 40 

6 . 30 

8 . 60 

1 00 . 7 0 

1 2 . 7 0  

8 . 60 

1 .  60 

2 . 90 

5 . 80 

2 6 . 00 

1 3 . 22 

9 9  

t 1 Tasmix , P i g  grower , vitamin mineral premix (Tasman Vaccines , Lt d .  
Aucklan d ,  N ew Zealand) . 

t 2 Values marked with an as t erisk were determined . All o ther 
values were calculated. 

MASSJiY UN!'.';:RS!TY 



Tab l e  1 1 . 2 . 1 1 The amino a c i d  b a l ance o f  t h e  barl ey-based d i e t  

compared w i th an  es t im a t e  o f  i d eal amino a c id  

b a l an c e . 

Amino a c i d  

Ly s ine 

Me t h ion ine + cys t in e  

Tryptophan 

H i s t i dine 

P h eny l a l anine + t y ro s ine 

Th reonine 

Leucine 

Isoleucine 

Valine 

Non- e s s en t i a l amino a c i ds 

Amino a c i d  b a lance  

( re l a t ive to l y s ine = 100)  

B a r l ey- b as ed 
d i e t  

1 00 

75 

1 8  

44  

1 4  7 

73  

1 3 9  

7 1  

96  

1 1 2 9  

I d eal ---
( re f e r  Tab l e  1 . 2 . 4 ) 

l O O 

54 

1 3  

34 

10 1  

59 

89 

46  

66 

6 9 3  



a proposed ideal amino acid b alance for t he growing pig lys ine was 

clearly the f irst  limi t ing amino acid in the barley-based diet . 

1 0 1 

A second diet  ( cont rol diet )  the pro t e in source o f  which compris ed 

enzymat ically hydrol ysed casein and synt hetic amino ac ids was f o rmulat ed 

so that its  gross amino acid composit ion equalled the det ermined appar

en t ileal diges tible  amino acid compo s i t ion of  the barl ey-based d iet . 

De t e rmination of  the abs o rbed l evel s of  amino acids in the barl ey-based 

diet was achieved by us ing the prev iously det ermined apparent ileal 

amino ac id diges tibil i ty coe fficients  ( re fe r  Table 1 1 . 2 . 6 ) for eacl1 

of the four protein s ources comprising the barley-based di e t .  I n  the 

absence of apparent i leal diges ti b i l i ty values for methionine , cys t ine 

and t ryptophan these were assumed equal t o  the mean o f  the determined 

apparent ileal amino acid diges tibili ties . 

The diges tib i l i ty of  the non-es sen t ial amino acid component was 

taken as the mean of the apparent  ileal diges tibil i t ies of aspart ic 

acid , se rine , glutami c acid , g lycine , alanine and arginin� . The 

ingredient  and nutrient compo s i t ions of t he cont rol diet  are given 

in Tabl e  I I . 2 . 12 . 

The apparent diges tible energy contents of  the barley-based and 

cont rol  diets  were de t ermined in a separate  me tabol ism trial ( t otal  

faecal collect ion) and the result s of  this  trial  are presented in 

Appendix I I . 2 .  

( c ) General conduct  o f  s t udy . The p igs were gradually  

introduced to their  res pect ive diets . When liveweight approxima ted 

2 0  Kg the animals  were weighed to the . nearest 0 . 1 Kg and placed on 

t rial . The feeding regime was a fixed f eed / fi xed t ime one and comprised 

40 day s , during which time each pig received 50 . 04 Kg of  i t s  respect ive 

diet  in ac cordance with a pre-determined feeding s cale ( Table 1 1 . 2 . 1 3 ) . 

The p igs f ed the barley-based diet , which had a lower diges tible energy 

con tent  than the con t rol  one received a supplement of maize s tarch at 

each f ee ding time so  as to ensure that apparent d iges t ible  energy 

int akes were equal for pigs on the two diets . Each boar was spl i t- fed 

i t s  respective daily meal allowance at 0 8 . 30 h and 1 6 . 30 h .  Both diets  

were given to  the pigs  mixed w i th water ( in the rat io of  1 : 2 ,  w/w) and 

water was also  avai lable ad Libitum f rom drinkers in the pens . 



Tab le I I . 2 . 1 2  The ingred i ent and nut rient composit ions of the  

en zyma t i cally hvdrolysed cas ein, synthe t i c  amino 

acid  con t rol d i et . 

Ingred ient t 1  

Casein , amino acids  

Ha i ze oil  

Purified  cellulose 

Sucrose 

Haize  s tarch 

Vitamin , minera l supplement t 2  

An t ioxidant ( Et hoxyquin) 

Potass ium carbonate  

Di  calcium phospha t e  

Sodium chloride  

Lys ine 

Nu t r i ent t 3 

Hethionine + cys t ine 

Tryptophan 

His t i d ine 

Pheny lalanine + tyrosine 

Threonine 

Leucine 

Isoleucine 

Valine 

Non-essent ial amino acids  

Calcium 

Phosphorus 

Sodium 

Chloride  

Potas sium 

Crude fibre 

Apparent diges tible energy 

(MJ/Kg air- dry weight ) 

( Legend overleaf)  

Compos i t ion 

( g / Kg air-dry weigh t )  

1 4  7 .  28  

30 . 00 

30 . 00 

60 . 00 

6 82 .  03 

2 . 50 

0 .  1 9  

f) .  00 

40 . 00 

2 . 00 

Composit ion 

( g/Kg air-dry weight ) 

6 . 87 

5 . 08 

l .  25 

2 . 9 7 

1 0 .  52 

4 . 56 

9 . 67 

4 . 90 

6 . 56 

76 . 82 

9 . 40 

8 . 30 

3 . 1 0  

2 . 2 0 

3 . 40 

30 . 00 

1 4 . 88  

1 0 2  



Legend to Table  1 1 . 2 . 1 2 .  

A daily supplemen t o f  magnes ium oxide was provided with 

the diet .  

Tasmix , Pig  growe r ,  vitamin mine ral premix ( Ta sman Vaccines 

Lt d . , Auckl and , New Zealand) . 

The diet ary amino acid composition ( except ing t ryptophan 

content)  was based upon a det ermined value for the amino 

acid compo s i t ion of enzymatically  hydrolys ed casein and 

known add i t ions of synthet ic amino acids . The trypt ophan 

con tent was based on a tabulated val ue for the level o f  

t ryptophan i n  enzymatically hydrolys ed casein and the 

known add i t ion o f  s ynth etic tryp tophan . The d igestible  

energy content was det ermined . All  other values are 

calculat ed .  

On  the morning ( 0 8 . 00 h )  aft er completion of  its  4 0-day f eeding 

period , each pig was weighed then s laught ered on the premises us ing a 

capt ive-bolt  pis tol followed by exsanguinat ion . Immed iately fol lowing 

s l aughter the ham j oint of the lef t-hand s ide of  the carcass  was rem

oved by a t ransverse cut t aken at righ t angles to  the ant erior edge o f  

the  symphysis pubis . The hind foot was removed f rom the  ham j oint at 

the  distal end of the  t ibia , fibula bones . The ham , s ealed in plast ic , 

was then placed in deep f reeze (-20 ° C) until  required for physical d is

s ection .  O n  removal f rom deep f reeze each ham was phys ically s epara t ed 

into  s kin , bone , mus c le , sub cut aneous fat  and intermuscular fa t .  The 

total  muscle  is herea f t er referred to as lean con t ent whi l e  values for  

the  s ub cutan eous and intermuscu lar fat  contents  were comb ined t o  

provide a measure o f  total d is s ected f a t  content . One skil l ed dis

s ector , us ing f ine-boning and skinn ing knives , d id all  the  s ample j oint 

d issections . 

( d) Analyt ical methods . Amino acid compos i t ions were 

1 0 3  



Tab le 1 1 . 2 . 1 3  The feed ing scalet 1 for  pigs fed the barley-based  

and con t ro l  d i et s .  

Mai z e  st arch 

Dav s Da i l y  meal in take (g) suppl emen t (g/d )  t2 _____.___ 

1 - 7 858  1 0 1  

8 - 1 4  1 000 1 1 8  

1 5  - 2 1  1 1 50 1 36 

22  - 2 8  1 400 1 6 5  

2 9  - 35 1 540 1 82 

36 - 40  1 6 80 1 9 8  

1 1  The feeding l evel  was kept low to avoi d  food re fusals , 

and to ensure t hat  the da i ly supply of balanced prot ein  

reaching the  s i tes  of  prot ein syn the s i s  was l ess  than 

an e s t imat e  of the po t en t i al rate of pro t ein  depos i t ion 

of the ent i re male pig .  

t 2 Maize  s tarch ( 1 4 . 1 MJ DE /Kg air- dry weigh t )  was given 

as a supplement to the barl ey-based d i e t  to ensure 

i so-ca l o r i c  intakes on the two d i e ts . 

determined on dupl i cate  samples of  each of the f e ed ing redients  us ing 

i on- exchange chromatography . The method of  analysis  was e ssent ially  

the same as that  des c ribe d  in sect ion I . 2 . 2 . vi i  . g ,  except ing that 

each hydrolysis  was conducted for  24 hours only .  Samples  of d i e t s  

and faeces f rom t h e  metab o l ism t r ial  wer e analys ed f o r  gross  energy 

( refer  I . 2 . 2 . vi i . c ) to  enab le  det erminat ion of  the d i ge s t ible  energy 

contents of  the two d i e ts . 

( e )  Stat is t i cal analysis . P er f o rmance and carcass data 

were s ubj ected  to  analys i s  of  covariance ( Snedecor and Cochran , 1 9 80 ) , 

104  



l iveweight at  the s tart of test being the covar iate . 

( ii i )  Res ults 

The re were no food refusals during the trial , but one p i g  

f e d  t h e  control diet developed ent eri t is and was removed f rom t es t .  

Mean growth rates of the  p igs and the sample j o int dissect ion data 

are given in Tab le 1 1 . 2 . 1 4 .  

Tab le 1 1 . 2 . 1 4  Mean ( ±  S . E . ) dailv liveweigh t gains and lean and 

total fat contents of  the ham joint . 

Di et 

1 0 5  

Signi f i cance 

Barley-based Cont rol of d i f ference  

Number of pigs 10  9 

Daily l iveweigh t gain ( g) 602 . 3  (::: 9 . 80)  60 7 . 3 ( ± 1 0 . 42 )  N s 

Lean in ham j o int (g)  19 1 2 . 1 ( ± 59 .  9 9 )  1840 . 6 ( ± 63 . 8 1 )  N s 

Total fat in h am j o int (g )  548 . 8 ( ±2 1 . 1 7 ) 59 1 . 4  ( ± 2 2 .  5 1 )  N s 

There was a very small and s tatistically non-signif i cant d i f f erence 

in daily l iveweigh t  gain between the pigs on the barley-based and con

trol d i et s .  The ham j oints o f  the pigs fed the barley-bas ed d iet were 

s li gh tly leaner and contained less total fat than those of t he control 

pigs  but  these differences were not s tatist ically sign i f i cant . 

( iv )  Discuss ion 

The desi gn of the current t rial was such that i f  the 

coe f f i cients  o f  apparent ileal amino a c id d iges tibil ity , as previous ly 

determined for  the ingredients compris ing the barley-based diet , were 

accurate meas ures of amino acid diges tion and absorption in the growing 

pig , the l evels of amino acids absorbed f rom the cas ein control diet 

should have equated with those diges ted and absorbed f rom the barley-
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based diet .  More importantly ( as lys ine was the  f irst- l imit ing amino 

acid in the barley-b ased diet ) the  gross level of  lysine in the cont rol 

diet  shoul d have equalled the  level of lysine diges ted and abso rbed 

f rom the barl ey-based d i e t .  

Th ree assump t ions , however , we re crit ical t o  the d e s ign o f  this 

expe riment , namely : the  pro t ein con t ent of  the basal d i et was completely 

diges ted and ab sorbed ; the daily amount of  balanced pro t ein absorbed by 

each pig fed the barley-bas ed diet , was be low that requi red to at tain 

the animal ' s  potent ial daily body-prot ein deposit ion ;  the  diges t ib l e  

energy in takes of  t h e  p igs f ed t h e  two d i e t s  were equal . 

Evi dence for the comple te  digest ib i l i ty of the  protein in a mix

ture of  enzymati cally hydrolysed casein and synthetic amino acids has 

been presented ( 1 1 . 2 . 2 ) . Also the use of a comput erised s imula t ion 

model of  growth in the pig ( refer part I l l  of thesis ) indicated that 

the daily prot ein deposit ion of  pigs f ed the barl ey-based d i e t  in the 

present trial was well b elow their po t ent ial pro t ein d eposit ion rat e .  

The model also showed that  the  dietary energy supply was adequa t e  to 

avo id exces s  ca tabolism of amino acids . Finally , t he d iges t ible  energy 

cont ents  of  the respective experimental diets  were det ermined before 

commencement o f  the  t rial . The lower diges t ible  energy intake o f  p i;s 

fed  t he barley-based d i e t  was corrected by feeding some ma ize s tarch , 

the diges tible  energy content o f  which had been determined in an 

earlier and independent s t udy ( Houghan and Smit h ,  unpubl i shed ) . 

The mean growth rates of  the pigs , f ed equal amoun t s  o f  the two 

diets , were very s imilar in both magnitude and variance . They d id not 

d i f f er signi f i cant ly and the s tandard error of the d i f f e rence between 

the  means was a very small p roportion ( 0 . 02 2 )  of  the mean gain.  These 

results indicate that s imilar amounts  of  lysine wer e d iges t ed and absor

bed  from the two diet s .  

The deposi t i on o f  body lean i s  likely to b e  more clos ely related 

t o  the amo unts o f  abs o rbed dietary prote in than l iveweight gain . Further 

the composit ion of  the ham of the pig is a reasonably accurate  predictor 

of total carcass compos i t ion ( Evans and Kemp s t er , 1 9 7 � )  and the h am is 

quickly and easi ly d i s sected  into its respect ive t is sue  components .  In 

this  case it was info rmative to compare the average l ean cont ents of 



1 0 7  

the hams o f  the two groups o f  p igs . The mean value for the pigs  fed 

the barley-bas ed diet  was proport iona lly greater ( 0 . 0 3 7 )  than that for 

pigs f ed the control diet . Th is small d i f f erence was not s t a t i s t i cally 

s ign i f icant and the result confirms that the levels of  lysine diges t ed 

and absorbed from the two diets were similar. Th e data relat ing to the 

tot al fat cont ents of  the hams suggest that the hams of  the  pigs f ed 

the con t rol diet  were somewhat fatter  than those o f  pigs f ed the barl ey

based diet  but once again the d i f ference was not stat ist ically sig

ni f ican t .  

St rictly , l ivewe igh t gain and carcass lean cont ent a r e  measures 

of dietary amino acid  availability rather than diges t ib i l i t y .  I t  is 

pos s ible  that the di ges tibil ity of  lys ine f rom the barley-bas ed diet 

may have been greater than pred icted but that a p roport ion of  the absor

bed lysine was not ava ilable  for growth .  A recent review of the subj ect  

(Aus t i c , 1 9 83 )  ind i cates , however ,  that  the excret ion of non-u til isable  

forms o f  absorbed amino acids  is  not  l ikely to  be a maj o r  factor  in 

d i ets composed  of practical f eed ingredi ents . 

At leas t for the ingredient s examined here , the  results  o f  this 

t rial show that apparent ileal amino acid diges t ib i l ity should be us eful 

in practi cal dietary formulat ion for ind icat ing the levels  of di etary 

amino acids avai lable  for growth in the pig , and also suggest  that 

apparent i leal diges tibil ity  coef f i c ients are accurate measures of  the 

degree of amino acid digest ion and abso rption in the growing p i g .  

The present f ind ings need to be  ver i f i ed in further t r ials  us ing 

a wider range of f eed ingredients .  

1 1 . 2 . 5 Summary and Conclus ions 

In the f i rst  ins tance , the s tudy report ed here has provided evid

ence for the complete  d iges tibil i ty of a protein source composed of 

enzyma t i cally hydrolys ed  cas e in and synthet i c  amino acids . Al though 

the finding is based upon a l imit ed number of obs ervat i ons  the  agreement 

b e tween pigs was very high . The virtually complete  diges tibility o f  

protein i n  enzymat ically hydrolys ed casein sugges ts dis t�nct advantages 

for  using this compound in the des ign o f  nutritional experiments  with  

the  growing p ig .  



Secondly , the  apparent i l eal d iges tibil i t i es of  crude prot ein and 

amino ac ids in barley- , pea- , f ish- and meat-and-bone-meal were d e t er-

mined . Fu rthermore , the  present resul ts  support the appl i cat ion of  

apparent il eal amino acid  d iges tib i l i ty coefficient s for  al lowing an 

accurat e predict ion o f  the  l evels of d i e tary amino acids d igest ed and 

ab sorbed by the  g rowing pig . In the fut ure i t  would be of  interes t 

to a t t empt to verify the  la t t e r resul t s  by adop ting a d i f f erent exper

imen tal techni que such as measur ing the removal of amino acids  in the  

po rtal blood flow cons equen t  upon f eed ing pigs  the t es t  and cont rol 

di ets . 

Thi rdly , and s t ress ing that  the results  reported  here  are only of 

a prel iminary nat ure , it  s eems that the growing rat may be used to 

ob tain es t imat es o f  the  apparent ileal diges t ib i l i t y  of  amino acids  
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for appl icat ion in the  formul at ion of  pig grower d i e t s . I f  the present 

resul t s  can be verif ied  over a wider range of food ing redients then 

use of  the rat may a f ford  an inexpens ive ,  rapid and rou t ine method for 

d e t e rmining the  i leal d iges tibility  of amino acids in the p i g .  

The apparent est ima tes  of  ileal amino a c i d  diges t ib il i ty det ermined 

in this  s tudy find applicat ion in the  validation of a s imulat ion model 

of the  d iges t ion and met abol ism of die tary n i t rogen in the  growing pig 

( the model is d iscus s e d  in part I l l  o f  this thes is ) . Th e express pur

pose o f  d es igning the  s imulat ion model was to  enable  q uan t i f icat ion of  

d i e tary pro t e in q ual i t y  for  the  growing pi g .  The appprent ileal  diges

t ib i l i t y  of d ie tary amino acids is an important component of t h i s  

model .  



PART I I I  

THE PRED I CT I ON O F  D I ETARY PROTE I N  QUAL I TY 

BASED O N  A MODEL OF THE D I GEST I ON AND METABOL I SM 

O F  N I TROGEN I N  THE GROW I NG P I G  



CHAPTER 1 

REVI EW OF L I TERATU RE 

I I I . 1 . 1 In t roduct ion 

The overall obj ec t ive of t he s tud ies reported in this  thes is  was 

to d evelop present knowledge conc erning three key aspe c t s  of d ietary 

pro t e in quality  for t he growing pig . Two of these aspec t s  have already 

been cons id ered . In the  third ins tanc e ,  it  was int ended to  describe 

the int erac t ive metabolism of protein and energy by way of  cons t ruct ing 

a s imul at ion model . Such description af fo rded achievement of the final 

aim of the s tudy wh ich was to enable predict ion of the quality  of the 

protein componen t of compounded pig grower d i et s .  

The following rev iew d iscusses approaches used i n  t he determinat

ion of d ietary prot e in quali t y , introduces the concept of  s imulation 

modell ing and describes s everal s imulation mod els which have been dev

eloped for use  in animal nut ri t ion . 

I II . l . 2  Prot ein Quality :  An Appra isal of Method s of  Det ermina tion 

The importance of  p rot ein quality  evaluat ion in anima l nut r i t ion 

is reflected  by the numerous s tud i es on aspec t s  of protein quality  

whi ch have been conducted over the past  l OO years (Payne , 1 9 72b) . 

Essent ially there are  two purposes for developing me thod s of 

p ro tein quality  evaluation ( Harper , 1 9 7 3) . In the f irst c a se a proc

edure is necessary for ranking s ingle protein sources according to 

their e f f i c i ency of u t i l i s a t ion under some set of s t andard cond i t ions . 

Secondly , i t  i s  necessary to b e  able to predict the ef f i c i ency of  util

i sation o f  pro t e in mixtures in meet ing amino acid requirement s for 

g rowt h .  
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The methods involved in  protein qual ity evaluat ion have been the 

sub j ect of  ext ensive review ( Al l ison , 1964 ; D ingl� 19 72 ;  Payne , 1 9 72a ; 
Delort-Laval , 19 76 , and Evans and Wi tt y , 1978) . Mos t  o f  the methods 

which have been d eveloped invo lve measurement under standardised con

ditions and are useful , therefore , for ranking single prot ein sources 
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according to nutrit ive value (Payne , 1 9 72b ) . These methods are  concer

ned with det ermining the maximum potential nutrit ive value o f  a p rot ein 

(Harpe r ,  19 7 3 )  and as s uch adopt protein intakes which are cons i d e rab ly 

lower than those found in the practical s i tuat ion whe reby h igh g rowth 

rates are des i red . 

In  a very comprehensive crit ique of the uses of  b ioas says  in p rot

e in evaluation , McLaughlan ( 1 9 72 )  concluded that the est ima tes of 

protein q ual ity ob tained are dependent upon the level o f  p ro t e in f e d .  

For example , Henry and Kon ( 1 9 5 7 )  demons t rated that the b iologi cal value 

of whole egg p rotein decl ined f rom 0 . 9 4 to 0 . 83 when the p ro t e in level 

of the diet was increas ed f rom 80 to 1 2 0 g/Kg , wh ile Hen ry ( 1 9 6 5 )  no ted 

a decrease in net protein util isation (NPU ) of  egg and casein b e tween 

dietary p rotein levels o f  80 and 200 g/Kg o f  diet .  

A maj o r  p rob lem s t emming partly f rom the  dependence of  protein  

q ual ity es t imation upon  feeding level and partly f rom the  compl ementary 

e ffect  o f  comb in ing  s ingle  protein sources , i s  that protein  qua l i t y  

es t imates f o r  i nd ividual sources are not addi t ive ( Evans and Wit ty , 

19 78 ) . Platt and Miller ( 1959)  addressed this problem in d i s t inguishing  

� e tween NPU ( s tandardised)  which aims to compare the  qual i t ies o f  

d i f ferent p rotein sources and NPU (operat ive ) aiming t o  assess the  

ut ilisation o f  p ro t eins in mixed diet s .  

NPU ( s t andardised)  i s  measu red us ing a sole protein s ource  incor

porated in a purified tes t  diet , with maximum potent ial nutrit ive value 

being determined by adopt ing a low level of p rot ein intake . The second 

meas urement entails  feeding a mixt ure of proteins at the level encoun

t e red  in practice .  Al though NPU ( operat ive ) provides a means of pred

i c t ing  the e f f i c i ency o f  u t il isat ion of prot ein mixtures in meet ing 

amino acid req u i rement s  for animal growth , its determination involves 

biological assay , whi ch in the face of an infinity of d ietary reg imes , 

l imit s  its  app l i cation . 

Delort-Laval ( 19 76 )  and Poppe ( 1976)  have concluded that b ioassays  

in general are  of  l i t t le value for  routinely asses s ing the protein 

q uali ty of compound foods used in  animal production . Ben der ( 19 82 )  also 

alluded to the p roblem of  evaluating the quality o f  protein in mixed 

foods and further criticised convent ional measures from the standpoint 



that the a t t empt has been made to express pro t e in qua l i ty by a s ingle 

f igu re , which does not  allow suitable  descript ion of the  factors 

influencing pro tein qual i t y .  
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A t reatise  of  the factors affect ing the efficiency o f  prot ein 

u t i l isat ion in animal growth has been given by the Agricul tural Research 

Council  ( 1 9 8 1 ) . Pro t e in u t i l i sa t ion is a mul t i-dimens ional factor  

mainly depending upon the requiremen t for a balanced array of  amino 

acids , amino acid  availab il i t y , n i t rogen and energy in takes , gene t ic 

and environmen tal influences and age , weight , sex and phys iological 

s tate  of the animal . The pro t ein quality of a diet  may be regarded as 

synonymous wi th the degree of u t i l i sat ion of the d i etary prot ein compon�t , 

and pro t e in qual ity  can thus be  viewed as a variab le  determined by a 

comp lex produc tion s y s t em.  

The use of  computers in agri cult ural res earch has allowed complex 

product ion sys t ems to be s imulated  by the cons t ruct ion of  models  (Wright , 

1 9 7 1 ) . A model  may be cons t ructed  con taining certain essent ial com

ponents  o f  a sys tem and represent ing int eract ion among the component s .  

Quantif ication o f  the model allows the statement o f  complex hypotheses 

and the extens ion of these to rel evan t pract ical s i t ua t ions ( Spedding , 

1 9 8 1 ) . 

I I I . l . 3 S imulat ion Mod e l l ing 

Shannon ( 1 9 75 )  defined s imulat ion as be ing the process of construc

t ion of a model  and the s ubsequent analy t i cal use of the model . Wright 

( 1 9 7 1 )  dis cussed the pro cedu res involved in systems s imulat ion and div

i ded these into  three phas e s ;  model l ing ,  val idat ion and experimentation . 

Modelling involves formalisa tion o f  the current knowledge o f  a system 

in the form o f  equat ions and solut ion of  these by use of  a computer.  

Confusion exists  in the l i terature concerning the dis t inct ion in  

meaning between the terms validat ion and verif icat ion . The t erminology 

advocated by Mihram ( 19 72 )  is adopted in this thesis . Valida t ion refers 

to tes t ing the  agreement between the behaviour of the s imulat ion model 

and the real syst em ,  whereas verification implies ensuring that the 

model f unctions in the int ended manner.  In  the experimental  pha s e  of  

s imulat ion a model allows the exper imenter to  a ch ieve perfect  homogeneity 



o f  experimen tal medium ,  allowing t reatmen ts  to be compared under  iden

t ical condit ions . Furthe r ,  Wright ( 1 9 7 1 )  has lis ted the pos s ible  

obj ect ives o f  experimentat ion with s imul at ion models and has  made the 

point that even i f  a model is not su f f i c i ently realistic  to g ive a 

close e s t imate  o f  the absolute level of system performance ,  i t  may be 

s uitab le for est imat ing the relat ive merits  of  d i f f erent alternat ives . 
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Baldwin ( 19 76 ) , in discuss ing the development o f  models used in 

ruminant nut rit ional s tudies , found it conven ient to categorise  models 

into three main types . Balance models are s imple input-output models 

cons trained by metabolic  pathways .  Secondly , opt imisat ion models 

include some o p t imis i�g obj ec t ive funct ion and both balance and opt im

isat ion models be ing s tatic  in nature may be cons idered s eparately from 

dynamic models . Wh i t t emore ( 1 9 8 1 )  has drawn the distinct ion between 

models whi ch are empirically based and those  which are essent ially ded

uct ive or  theore t i cal . 

Several models o f  nut rient  a s s imilat ion in growing animals have 

b e en developed . 

I l l .  1 .  4 Models in Animal Nutri t ion 

Fowl er ( 1 9 78 )  commented on the large range of model types prev

alent in the s tudy o f  animal growth and development and suggested  that 

this  d ivers ity reflects  t he d i f f icult ies encountered in a t t empt ing to 

build  complex obs e rvat ions into a logical f ramework . Cri t ical eval

uati ons of nut r i t ional models have been presented by Taylor ( 1 9 78)  and 

Fawce t t  ( 19 78) . According to the fo rmer author mos t  models  have b een 

d evo i d  of paramet ers a f f ected by the  nut rit ional history of the growing 

animal and there is a dearth of models wh ich incorporate adap t ive con

t rol  p ro cesses and impose l imi t s .  The model o f  Wh i t t emore and Fawcett 

( 19 76 )  was c i t ed as an except ion . 

The model o f  Whi t .temore and Fawcett ( 19 7 6 )  s imulates protein and 

l ipid growth in the pig and allows daily growth to be maximised in the 

face of  various cons traints , by the use of a recurs ive l inear p rogram

ming algorithm. The model is also notable in that total p rotein syn

thesis  is apportioned between protein resynthesis  and new protein 



synthesis  and the dai ly energy maintenance cos t  is  corre c t ed for  t he 

ene rgy cost o f  prot ein maint enance .  

Ano ther model incorporat ing complex adapt ive control mechani sms 
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and impos ing limi ts  to growth has been built  by Stombaugh and Oko ( 1 9 80) . 

Their  dynami c model was designed to evaluate product ion a l t ernat ives 

and nut ri tional-envi ronmen tal  interact ions in the growing p ig .  The 

model has a theore t i cal base and en tails  descript ion of certain phys iol

ogi cal processes and their cont rol . The model of  Schulz ( 1 9 7 8 ) , s im

ulat ing energy metabo l ism in the s imple-stoma ched animal , represent s  

the  animal as a pseudo-s t eady- s t a t e  sys tem and describes metabol ic path

ways in terms of  biochemi cal equat ions , thereby enabl ing est ima t i on of 

adenos ine t riphos phate  yield and util isation .  

A g rowth model , developed primarily for use in poul t ry nu t r i t ion 

but  relevant to animal growth on an ad libi tum feeding reg ime generally , 

has been p resented by Emmans ( 1 9 8 1 ) . This  model is of pa rt icular int er

es t ,  being based on tne  idea that  an animal has a potent ial  rate o f  

g rowth and s eeks t o  consume an amount of  food whi ch wil l  enab le the 

poten tial  g rowth rate to b e  ach i eved . 

HoP and Tyrrell ( 1 9 73 )  revi e\.•ed the use o f  s imple energy par t i t ion

ing models in ruminant nutri t ion and Black ( 1 9 74 )  described an emp i r

i cally-based model partit ioning metabol isable  energy intake between 

maintenance , p rot ein gain , wool gain and fat  gain for growing lambs . 

The model was subsequently  used to predi c t  t he ef f ects of nut r i t ion on 

l amb growth and body composit ion . The par t i t ioning of d i etary energy 

between dif ferent physio logi cal  f unctions in the case of t he growing 

p i g  h as been reviewed by Fowler  ( 1 9 7 8)  and the short comings o f  the 

s ta t i s t i cal approach to par t i t ioning were noted .  

According to  Wright ( 1 9 7 1 )  the  start ing point in  the  process  of  

cons truct ing a model  should be  a s imple  input-output model and the 

init ial model may be  expanded in  detail  by success ive ident i f i cation of  

( i )  maj or  subsystems , ( ii )  component s  and relat ionships wit hin sub

s ys tems and ( ii i )  l inks between s ubsys tems . An excellent exampl e  o f  

model development is  provided by t h e  work of  Whit t emore and Fawcett  

( 19 74 ,  1 9 76 ) . The f irst  version o f  a pig growth model (Whit temore and 

Fawcet t ,  19 74 )  was a s imple  b alance-type model based largely on findings 



o f  an empirical nature , whereas the lat er-developed model (��i t t emore 

and Fawcet t ,  19 76 )  included a much greater theoret ical con t ent and 

was s t ructurally more complex . 

I I I . 1 .  5 Conclus ion 
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The quality  of  dietary pro t e in fed to  a growing animal i s  determined 

by the interac t i on of many factors and because of this , convent ional 

measures of protein quality  have inh erent inadequacies . There i s  no 

s a t isfactory method for determining the qual ity  o f  p ro t e in mixtures in 

compound diet s .  The technique of  s imula t ion model l ing o f f ers a means 

whereby complex sy s t ems may be s t udied quanti tat ively and s everal 

s imulat ion models describ ing the ass imilat ion of nut rien t s  in animal 

growth have been developed . Re ference t o  these models prov ides insight 

into the va rying degrees of  complexity by wh ich the descript ion of 

nutrient  ass imilat ion may be approached . 
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CHAPTER 2 

THE DEVELOPMENT OF A MODEL S H1ULAT ING THE DIGES T I ON AND 

HETABOLI S!-1 OF D I ETARY N I TROGEN IN THE GROWING P I G  

( 2 0 T O  80  Kg L I VEWEIGHT) 

Int roduct i on 
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In s p i t e  o f  i t s  theore t i cal and p ra c t i c a l  importance , no sui tab l e  

me thod i s  ava i l ab l e  f o r  rout i n e l y  es t ima t ing t h e  q ua l i t y  o f  t h e  p ro t e i n 

compon en t o f  mixed d i e t s  f ed to growing anima l s . The a im o f  t h i s  s t udy 

was to provide an ohj e c t ive  pro ced ure f o r  p red i c t ing t he pro t e in qual

i t y of d i e t s  f ed to the growing pig.  Al though t h e  t e rm ' p ro t e in qual

i t y '  i s  s omet imes used  with  s t r i c t  r e f e rence to d i e t a ry amino a c i d  

p a t t e rn  ( eg .  ch emi c a l  s core)  i t  is rega rded here , i n  l ine with t h e  

d i s cuss ion o f  P ayne ( l 9 7 2 b )  and Mauron ( 1 9 7 3 ) , as b e ing s ynonymou s  

with t h e  degree o f  d i e t a ry pro t e in u t i l i s a t ion in grow t h .  

Con s i d e rab l e  va riat ion i n  t h e  ingred ient and chemical compos i t ions 

of p i g  grower d i e t s  is evi den t in prac t i ce ( Ca r r , 1 9 74 , and Houeix , 

Lat imie� Po i lp re and Sauln i e r , 1 9 8 1 ) . Thus , i t  is important to b e  

ab l e  t o  es t ima t e  t h e  re l a t i v e  e f f ic i en c i e s  w i t h  which prac t ical  p i g  

g rower d i e t s  s uppo r t  prot ein s yn t h es is and ind i ca t e  ways in which t h e  

e f f i c i ency o f  d i e t a ry pro t e i n  u t il i sa t ion may b e  improve d .  From a 

t h eo r e t ical  pers p e c t ive , i t  i s  pert inen t to a s c er t a in t h e  e f f e c t s  on 

d i e t ary p ro t e in q u a l i t y  of changes in dietary and animal f a c t o r s . 

Fu rthermo re ,  t h e  ab i l i t y  t o  d e t e rmine t h e  e f f ec t s  on pig  grow t h  o f  

changes i n  diet  and an ima l factors has important implica t ions for the 

t ea ch ing of  nut ri t ional principles  and a ids also  in the ra tional isat ion 

o f  p rio r i t ies  f o r  res earch in nut r i t ion . 

The p ro b l ems encoun t ered  i n  a s s e s s ing t h e  p rotein quality of mixed 

d i e t s  are largely due t o  the complex int eract ive nature of the componen ts  

chara c t e r i s ing prot ein q ua l i t y .  S imulat ion modelling allows the quan

t i fied descrip t ion of a complex system and experimentation with the 

sys tem under con t rol led condit ions . Many models have been used in the 

s tudy of animal nutrit ion "an d  s ome of these were discussed brief ly in the 

review of l i t e ra t ure .  No model  has yet been developed , however ,  with 

the exclusive obj ective  of p redic t ing the quality of  the prote in in a 



mixed diet  fed to  the growing pig .  

The des ign and evaluat ion o f  a model s imulat ing the  diges t i on and 

me tabol ism of dietary nit rogen in the growing pig ( 20  to 80 Kg live

weigh t )  is des cribed in this chapter . There were two obj ec tives invo l

ved in the des ign of the model .  Firs tly , it was intended tha t the 

model  de rive e s t ima tes o f  protein q uality by q uant itat ively predicting 

the utilisation of the protein component of a mixed diet fed at a 

given level to the growing pig .  Secondly , the model should enable 

determinat ion of the influence of  certain dietary and an imal factors 

on protein utilisa tion . 

11 1 . 2 . 2  Des ign o f  the Model 

( i )  Introduction 

Bal dwin ( 19 76 )  urged the need for systematic  development in 

model cons t ruct ion and p rovided an outline of the s t eps involved 

( Tabl e  1 1 1 . 2 . 1 ) .  

Tab l e  1 1 1 . 2 . 1 A sugges ted procedure for the cons truct ion of a model 

( Baldwin, 1 9 76 ) . 

1 .  Set  the modelling obj ect ive . 

2 .  Prepare a b lock diagram represent ing the cent ral 

element s  of the sys t em and the interact ions among them .  

3 .  Convert t h e  concepts represen ted i n  t h e  block 

diagram to  mathematical s tatements . 

4 .  Formulate the requi red numerical inputs b ased  on 

literature data , experimental data or s tatist ical 

es t imat ion . 

5 .  Evaluate  solutions and/or validate the model .  

Return t o  s teps 2 ,  3 o r  4 i f  the evaluation 

indica t es inadequacies . 

1 1 7 
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The final s t ep sugges ted by Bal �win ( 1 9 76 )  implies tha t model cons t ruction 

is  an evolving process and that success ive changes may need to  be  incor

porated  in models to achieve the in i t ial modell ing obj ect ive . 

Th e procedure outlined in Table  1 1 1 . 2. 1  was followed to  develop 

a model s imul at ing ni trogen me tabol ism in the growing pig . This  model  

was regarded as the ini t ial stage in  a deve lopmentary process l ead ing 

to  a sui tably rob ust model of nitrogen metabol ism for this  species . The 

developmen tary nat ure of model buil ding is regarded by Shannon ( 19 75 )  as 

being inevi tab le and des irable : 

"One b egins with a very simple  model and a t t empt s  t o  

move i n  an evolut ionary fashion toward a more elabora te  

model that  re flects  the complex s i t uat ion more clearly . 

The process of  elaborat ion or enri chment involves a 

cons tant in terac t ion and feedback process  b e tween the 

real world s it uat ion and the model . There is  a 

cons tant interplay between the mod i f i cation o f  the 

model and a confrontat ion with the data genera t ed . " 1 

In  this context , the  aim guiding the present model d es ign was to 

describe the ass imilat ion of dietary ni t rogen by the growing pig in a 

s impl ified  manne r .  A model was formulated around t h e  concept o f  n i t 

rogen part i t ioning i n  growth given by �1i l l er and Payne ( 19 6 1 ) . These  

workers cons idere d  n i t rogen intake ( I )  t o  b e  d iverted into  three meta

bolic  pathways ; namely n i t rogen , for maint enance ( !�) , for growth ( Ig)  

and for the  p rovis ion of ene rgy ( le ) ; ( I = Im  + I g  + le ) . 

The model s imulates  growth within a 24-hour period and can b e  

regarded as a s ta t ic model as daily t issue depo s i t ion i s  no t summa t ed 

over t ime . The model desc ribes the  par t i t ioning o f  nut ri en t s  in a 

s ingle pig o f  s pe c i f i ed l iveweight  and s ex ,  w i th a d e f ined set of  

phys iological parame te rs , l iving in  a t h e rmoneut ral envi ronmen t .  This  

approach provides the experimen ter  with  perfect  homogenei t y  o f  exper

imental medium.  

Shannon , R . E . ( 19 7 5 ) : Sys tems Simu lation� the Art an d  Science . 

Publ . Prenti ce-Hall I nc . , Engl ewood Clif f s , New Jersey , U . S . A . p . l9-20 .  
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A model s imulat ing the diges t ion and metabolism o f  d ietary p rot ein 

and energy by the pig also based on the concept of  a s imple par t i t ioning 

of  nutrients  during growth has been developed ( \,lhittemore and Fawcett , 

19 74 ; 1 9 76 ) . Al though the obj ective underlying the cons t ruct ion o f  

the latter  model was to enable t h e  pred ict ion of  growth characterist i cs 

s uch as  rate and e f f iciency of  l ive-weight ga in and carcas s compos i t ion , 

the model  is  neve rtheless  capable  o f  generat ing es tima tes of the e f f ic

iency of  dietary protein utilisation . 

Seve ral aspects  o f  the approach of  Wh i t t emore and Fawcett ( 19 76 )  

may b e  re f ine d .  Dietary p rotein intake , for ins tance , i s  des crib ed in 

uni t s  o f  digest ible c rude p rotein ( apparent , faecal ) .  Yet it seems 

that the accuracy of predict ion o f  the amounts  of dietary amino acids 

d i ges ted and absorbed by the pig may be enhanced by the use of apparent 

ileal diges t ibility coef f i ci en t s .  The s ignif icance of adopt ing the  

i leal e s t imat es o f  amino acid diges tibility is l ikely to be greatest for  

diets  compris ing h igh l evels o f  relatively indiges t ible ingredients  

( Moughan and Smith , 1 9 82 ) . 

In the model of  Whi t temore and Fawcet t ( 1 9 76 ) , the amount o f  

imbalanced diet ary prot ein i s  determined by  use of  either the essential 

amino acid index or  chemical score . In the f irs t ins tance the d i etary 

amino aci d pattern is compared w i th the amino acid pat tern of  whole  

egg p rot ein and in  the case o f  chemical score the  dietary pat tern is  

compared with  the  amino acid  pat tern o f  pig  whole body protein . Neither 

the amino acid pattern of  egg nor the amino acid pat tern of  body prot

e in necessarily cons t i tutes an ' ideal' balance of  amino acids . It  is  

cons i de red  more appropriat e  here to ident i fy the l imi t ing amino acid 

and calculate the  degree  o f  d ietary amino acid imbalance by comparing 

the amino acid balan ce of the diet  wi th an empirically-derived es t imate  

o f  ideal amino · acid balance . Whi t t emore and Fawcett  ( 1 9 76 )  do  not 

allow for the s ituation whereby the  dietary level o f  non-essential amino 

acids l imit s  growth . In the event of the lat t er ,  essent ial amino acids 

are converted to non-essentials ( Rerat and Lougnon , 19 68 ) . 

Als o ,  the Whi t temore and Fawcett  ( 19 76 )  model est imates the  l evel 

of urinary nit rogen excretion result ing from an imbalanced dietary amino 

acid  s upply by dividing the amount of imbalanced prot ein by the factor 

6 . 25 .  I t  cannot be  assumed , however ,  that the mixture o f  amino acids 
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deamina t e d due t o  d i e t a ry amino a c i d  imbalan c e , con tains 0 . 1 6  n i t rogen . 

Each amino acid  has a chara c t e r i s t i c  n i t rogen con ten t . P h enylalan ine , 

f o r  exampl e ,  con t ains 0 . 08  n i t rogen whereas h i s t id ine con t a ins 0 . 2 7  

n i t rogen . The excret ion o f  n i t rogen de rived f rom t h e  d eamina t i on o f  

imbalan ced d i e t a ry amino a c i ds is o f t en a cons iderab l e  proport ion o f  

urinary t o t a l  n i t rogen excre t ion and s o  the approach o f  Wh i t t emo r e  and 

Fawce t t  ( 1 9 76 )  may lead to an inaccura t e  predict ion o f  ur inary n i t rogen 

excre t ion in  ce r t a in cases . I t  s e ems preferab l e  to  convert  the d i e t a ry 

amino a c i d  inputs  t o  un i t s  o f  e l emen t a l  n i t rogen b e fore c a l c u l a t ing t h e  

amoun t  o f  imbalanced n i t rogen supp l y .  T h e  corre c t ion f a c to r  ( 6 . 2 5 )  may 

be employed for e s t ima t in g  t he urinary n i t rogen loss  derived f rom 

deamina t ion o f  t he port ion o f  balanced p ro t e in not used for pro t e in 

syn t h e s i s  ( McDona l d ,  Ed\Jards and Greenha lgh , 1 9 73 ) . 
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Again , �� i t t emore and Fawc e t t  ( 19 76 )  d e s c r ibed t h e  p r o t e in meta

bol ism o f  the growing p ig in t e rms o f  body pro t ein t urnov e r  and p ro t e in 

ac cre t i on . Although t h e i r  approach i s  undoub t edly t h eor e t i cally  correct 

t he mo del r e l i e s  upon data ob t ained f rom s t u d i es w i th the  g rowing rat 

t o  describe the  p ro t e in flux o f  t h e  p ig .  Such ext rapo l a t ion , whi l e  

unders tandab l e  in t h e  ab s ence o f  relevant d a t a  f o r  t h e  p i g , may b e  

misleading.  Fur t h e rmo r e , t h e  energy cos t  o f  pro t ein depo s i t ion was 

derived by  calculat ing t h e  n umb e r  of mo l es o f  adeno s ine t r ipho s pha t e  

req uired f o r  pro t e in syn thes i s .  E s t ima t es o f  t h e  numb e r  o f  high energy 

bonds required f o r  t h e  f o rma t i on o f  a s in g l e  pep t i d e  bond , however , 

a re very variab l e  ( Ag r i cul t ural Research Counc il , 1 9 8 1  and Tes s , 1 9 8 1 ) . 

The e s t ima t e  o f  the  energy cost o f  pro t ein depos i t ion preferred 

in the present s t udy is  that o f  Pullar  and Webs t e r ( 1 9 7 7 ) . The lat t er 

workers con f i rmed t h e  re commended value for s impl e- s toma ched s p e c i es 

g iv�n by K i elanowski ( 19 76 ) , in an exper imen t  wh ich enab l e d  t h e  cost  

t o  b e  measured i n  a w ay t ha t  was f ree f rom a s s ump t ions as to  t h e  energy 

cost  of ma int en an c e .  The da t a  of Reeds , Cad enhead , Full e r , Lob ley and 

McDona l d  ( 1 9 80 ) , further support t h e  app l i c a t ion of P u l l a r  and Web s t er ' s 

e s t ima t e  in t h e  case  o f  the  g rowing p i g .  

The above sugges t e d  ref inement s  t o  t h e  d e s cript ion o f  pro t e in d ig

es t ion and metabol i sm in t h e  g rowing p i g  were included in t h e  present 

model .  



1 2 1  

( i i )  Des c ript ion o f  the mo del 

A f l ow d i agram repre s en t ing the important e l emen t s  o f  the  

model  an d the i n t e ract ions among them is  given in  Fi g u re 1 1 1 . 2 . 1 .  Th is 

i s  f o l l owed by d e t a i l s  of the input data required to run the model and 

an e xp l anat ion o f  the s teps shown in the f l ow d iagram. 

A. Model  input . 

( a )  NI : It  is  as s umed that dietary n i t rogen i s  inges t ed 

e n t i rely in the form o f  amino acids ( lys ine , me th ionine p l u s  cyst ine , 

t rypt ophan , h i s t i dine , �heny l a l anine p l us t y ros ine , t hreonine , l eu c ine , 

i s o l e ucine , val ine and t h e  non-es s ent i a l  amino acid component ) .  The 

weight of e ach amino a c i d  inges ted f rom each d i e t a ry ingre d i ent  is 

c a l cu l a t e d  f rom a knowledge of dai ly food int ake , the ing r e d i ent  com

pos i t ion o f  the diet , t h e  e s s ent ial amino acid  compo s i t ion of each 

ingredient and the  crude prot ein con tent o f  each ingredi en t .  

( b )  Dix : The apparent ileal d iges t ib i l i t y co e f f i c i ent 

of e ach amino a c i d  in e a ch d i e t a ry ingredien t .  (\� e re i l eal am ino 

a c i d  diges t ib i l i t y  coe f f i c i en t s  are unknown , p re f e rab l y  an e s t ima t e  of 

the i l eal diges t i b i l i t y  or a l t e rn a t ively t h e  faecal d ig es t ib il i t y , o f  

n i t rogen may b e  used . )  

( c ) El Calculated  us ing d a i l y  food int ake , the ing-

redient  compos i t ion of t h e  d i e t , t h e  apparen t diges t ib l e  energy cont ent 

o f  e a ch ing r e d i ent  an d the d iges t ib l e  c rude p ro t ein int ake , as suming a 

value f o r  t h e  ene rgy con t ent o f  crude protein . 

( d )  w Liveweight o f  the  p i g .  

( e )  The s ex o f  t h e  p i g  ( ent i re ma l e ,  cas t ra t e d  ma l e  

o r  f emal e ) . 

B .  S t eps represen t ed in the f l ow diagram 

S t ep 1 .  The mod e l  calcu lates the daily d i g est ib l e  

amino a c i d  in t ake o f  lys ine , met h i onine p lu s  cyst ine , tryptophan , his

t i d ine , phenyl alanine p l u s  tyro s ine , threonin e ,  l eu c ine , i soleuc ine , 
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Key to notation in flow diagram 

Symbol 

N I  

Nd 

Na 

Ng 

Pg 

Pp 

Pd 

p 

Nu 

N f  

Meaning 

n i trogen ingested 

digested n i t roqen 

n i t rogen available for growth 

and maintenance 

n i t rogen avai lable for <::.'rowth 

protein avai lable for growth 

Symbol 

EI 

Eg 

Ld 

0 

Meaning 

Protein- free energy int&ke 

Energy available for growtt 

l ipid deposited 

Stages of n i t rogen di gestion 

and metabol i sm 

o Stagt!s of ent!rgy Jnetabo l i sm 

prott!in poss i b l y  depos i ted w i t h i n  

dit!tary an d  physiological con strai nt s 0 tissut! accumulation ( g/d) 

prote in depositt!d 0 excretion o f  waste p roducts 

( g . N/dl 

total body prott! in 

n i trogen excreted i n  urine 

n i t rogen excreted i n  faece� 

+-<:}-+ appl it!d constraint 

-----+ flow of n i t rogt!n 

- - - flow of energy 

e total body protein 

F i g .  I I I . Z . l  F l ow d i a � r a m  of a mod e l  to s i mu l a t e  t h e  

d a i l y  p a r t i t i o n i n� o f  n i t ro g e n  i n  p i g  g row t h .  

1 2 2  



val ine and the  non-es s en t ial amino acid component . Diges t ible  amino 

acid  int akes are converted to units  of elemen tal nitrogen by use of  

molecular wei gh t  conversion factors ( refer Appendix I I I . l )  and the  

dietary b alance of  amino acids  ( lys ine = 100 )  is det ermin ed.  

S tep 2 .  The die tary array of  amino acids  and an array 
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of  amino acids con s i dered ideal f o r  growth i n  the pig  a r e  inpu t s  to  a 

l inear programming algorithm ( s implex) whi ch identifies the l imit ing 

dietary amino acid  and maximis es the daily amount of nit rogen avai lable 

for growth  and maint enance. The algori thm allows the convers ion of 

exces s essen t ial amino acids to non-essent ials if the non-essen t i al 

amino acid component is  l imit ing in relation to  the level in the ideal 

b alance . The ideal balance of amino acids ( Epsi lon array ) is the exper

imen tally-derived balance presented in Table 1 .2.4 of this  thesis . The 

amino acid  levels in the balance have been converted to grams of elem

ent a l  ni trogen and the  balance has been expres sed with lys ine equal to 

100  uni t s .  

S tep 3 .  The daily amount o f  n i t rogen available for 

grow t h  and maint enance i s  co rrect ed for the daily maint enance n i t rogen 

requirement to give the  daily amount of n i t rogen available for growth .  

The daily  maint enance n i t rogen requirement is  assumed to be  0 . 1 7  g /  

W 0 " 7 5�Kg 0 " 7 5 ) based on  an  est imate  of endogenous urinary n i t rogen loss 

( D ' Mello et a l . � 1 9 7 6 ) . Daily n i t rogen avai lable for growth is con

verted  to uni ts  of daily pro t e in by implementat ion of the average 

conversion f ac t o r  6 . 25 ( McDonald et al. � 1 9 73) . 

S t ep 4 .  The amount o f  daily prot ein availabl e  for 

grow t h  is compared wi th  the maximum daily rate of protein  d epo s i t ion 

phys iologically poss ib l e  and the amount of pro t ein that  can poss ibly 

b e  deposi ted  d ue to die tary and physiolog i cal  influences is calcula t e d .  

The model assumes that t h e  maximum daily rat e of pro t ein depos i tion 

phys iologically possible is cons tant over t he liveweigh t range 20 to 

80 Kg and b ased  on the f indings of  P iatkowski and Jung ( 19 6 6 )  and 

Kielanowski ( 19 6 9 )  adopt s  the following values : cas t ra t ed male = 100 

g/ d ,  f emal e  = 1 1 5 g / d ,  and ent ire male  = 130  g / d .  

S t ep 5 .  Lipid reten tion i s  o f t en regard ed a s  a s e condary 

process depending upon metabolisable energy intake , the maint enance 



energy req ui remen t and the ene rgy requi remen t for a c c r e t ion o f  body 

p ro t e in .  Such a v i ew is only acceptab l e  if i t  is  cons idered that 

a d i pose t i s s ue i s  solely involved in the pas s ive ro l e  o f  calo r i c  s t or

age and heat regul a t i on . Adipose t issue , howeve r ,  has a va r i e t y  o f  

me t ab o l i c  and s t ruct ural roles ( Dauz ier , 1 9 76 )  and theref ore a t  l eas t 

1 2 4  

a p ropo rt ion o f  l i p i d  depo s i t ion mus t b e  rega rded as phys i o l o g i cally  

e s s en t ial  and as s o c i ated  w i t h l ean d epo s i t io n .  I n  t h i s  case  t h e  model 

impo ses  a cons t raint such that the amount of l ip i d  depo s i t ed d a i l y  mus t 

b e  g re a t e r  than o r  e q ual  to the amount o f  pro t ein depo s i t ed d a il y .  This 

cons t raint is based  on the ob s e rva t ion that the minimum , l ip i d  t o  

pro t e in rat io i n  p i g  body gain appears to be 1 : 1  ( Fowler , 1 9 7 8 ) . 

The daily  rate  o f  p ro t ein depo s i t i on i s  calculated wi t h  regard t o  t h i s  

cons t raint ( re f e r  S t ep 1 4 ) .  

S t ep 6 .  The d i f fe rence b e tween the daily  n i t r ogen int ake 

and the daily  amoun t o f  apparent ly d igested  n i t rogen pred i c t s  the t ot al 

d a i ly excre t i on o f  n i t rogen in the f aeces . ( No t e : I t  is recognised 

t h a t  the us e o f  i l eal  diges t ib i l i t y  coe f f i c i en t s  overest ima t es the 

fae cal n i t rogen e x c re t ion and underes t ima t es t h e  u r inary n i t ro g en 

exc re t ion . A vary ing p ropo rt ion o f  n i t rogen remaining und iges t ed a t  

t h e  t erminal i l eum o f  the p i g  w i l l  b e  degraded in the hindgut a n d  w i l l  

u l t ima t e l y  be  excreted  i n  t h e  urin e . ) 

S t ep 7 .  The l inear p rogramming algori t hm ( r e f e r  S t ep 2 )  

c a l c u l a t e s  the d a i l y  amoun t o f  n i t rogen exc re t ed in t h e  urine  d u e  t o  

d e aminat ion o f  imb a l anced d i e t ary amino a c i d s . 

S t ep 8 .  Dai ly endogenous ur inary n i t rogen l o s s  i s  

cal culat e d  ( re f e r  S t ep 3) . 

S t ep 9 .  I f  the daily  amount o f  pro t ein ava il ab l e  f o r  

g row th i s  g rea t e r  t han the daily rate  o f  p ro t ein depos i t ion phys io logic

a l l y  p o s s ib l e  t h en t h e  daily amount o f  pro t e in d eamin a t ed and exc ret ed 

as u ri n a ry ni t ro gen i s  c a l culat e d .  

S t ep 1 0 .  Whenever d i e t ary p r o t e in is d eaminated in 

order tha t  the l ip i d , pro t ein depo s i t ion con s t raint be met , the level 

o f  d a il y  urinary n i t ro gen excret ion is c a lcula t e d .  



S tep 1 1 .  There i s  a net y ield of energy when protein is 

deaminat e d .  The metabol i sab le energy yield f rom deaminated p rotein is 

ass umed to be 1 1 . 5  MJ / Kg (Whittemore and Fawcett , 1 976 )  ( 72 HJ / Kg 

p rotein nit rogen) . The net yield o f  me tabol isable ene rgy f rom the 

de aminat ion of imbalanced dietary amino acids (Step 7 )  is calculated 

and added to the dietary protein- free ene rgy intake . 

S t ep 1 2 . The ne t y ield o f  metabol isable  ene rgy f rom 

the dearnination of  pro t ein ( S t ep 9 )  is  calculated and added to th e 

dietary protein-f ree energy intake . 
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St ep 1 3 .  The dietary protein-f ree ene rgy in take together 

with  the net ene rgy cont ributed from prot ein deaminat ion is corrected 

for the energy cos t o f  maintenance to give the ene rgy availab le for 

growth . The ene rgy cos t of  maintenance includes the energy cost of  

p ro t e in turnove r and a value of  0 . 460 MJ ME/W0 " 7 5 /d  is  assumed , based 

on the f indings of  Kotarbinska ( 1 9 7 1 ) , Davies and Lucas ( 19 72 ) , 

Vers tegen , Close ,  S ta rt and Mount ( 1 9 73 ) , Kielanowski ( 19 76 ) , Fowler , 

Fuller , Close and Whit temore ( 19 80 )  and Vangen ( 1 980 ) . 

S t ep 14 . The energy content of  the daily amoun t of  

p ro t e in wh i ch can poss ib ly be  depos i t ed �ue to diet ary and phys iolog

i cal influences i s  calculated.  I t  i s  assumed that the ene rgy content 

o f  p rotein i s  2 3 . 6 MJ / Kg ( Wh i t t emore and Fawcet t ,  1 9 76 ) . This energy 

is added to the energy available  for growth and total energy is appor

t ioned between lipid  and p rote in depos it ion facing the cons traint that 

daily lipid  depos i t i on mus t be equal to or great er than daily protein 

depo s i t i on .  The metaboli s ab l e  energy requirements to deposit  1 KJ of  

p ro t e in and 1 KJ  o f  l i pid  a re taken to be 2 . 25 and 1 . 36 KJ respect ively 

(Pullar and Web s t e r ,  1 9 7 7) . These est imat es correspond to an energy 

cos t  o f  depo s i t ing one gram o f  pro t e in or l ipid  of 53 KJ ME .  

The model i s  des c ribed mos t  succinctly by  the  use  of mathemat i cal 

e q uations : 



1 2 6  

C .  Mathemat ical equat ions of  t h e  model 

( l) Se %Cx I ( for x l to n)  

( 2 )  11ix %Aix Cx ( for i l to  9 and x l to  n )  

n 
( 3 ) A · l I Aix ( for  i 1 to 9 )  

x= J 

( 4 )  CPX % CPx . ex ( for x l to n )  

n 
( 5 ) % CP ( I CPx ) l O O  

x= !  
1 I 

9 
( 6 )  AI O X CPx I Aix ( for x 1 to n )  

i= J 
n 

( 7 ) Al o 
I A} O X 

x= ! 

( 8 )  Yix Aix  . Dix ( for i 1 to 10  and x = 1 to n )  

n 
( 9 )  zi t Y ix ( for  i 1 to 10) 

x= J 

zi 1 00 ( 10 )  %di Ai l ( for i l to 10 )  

( l l )  ai zi M ·  l ( for i 1 to 1 0 )  

a .  E 
( 12 )  Bi = ---2. _l. ( for i 1 to 10 )  

"' !  

A l inear p rogramming algor ithmt 1 ( s implex) is  used to calculate 

Ne and Na .  

( 1 3 ) No = 0 . 1 7 (W 0 " 7 5 ) 

( 1 4 )  N g  N a  - No 

( 1 5 )  Pg 6 . 2 5  . Ng 



( 1 6 )  

( 1 7 ) 

( 1 8 )  

( 1 9 )  

( 2 0 )  

( 2 1 )  

( 2 2 )  

( 2 3 )  

( 2 4 )  

( 2 5 )  

( 2 6 )  

( 2 7 )  

( 2 8) 

( 2 9 )  

( 30 )  

I f  Pg > P r ,  P p  = P r  

I f  P g  < P r ,  P p  = Pg 

Np (Pg - PE) 
6 . 2 5 

n 
E = r ( ex . 10- 3 . DS: ) 

x= 1 
1 0 

DCP < r Zi ) . 10- 3 

i= l 

EPF E - (2 3 .  6 . DCP ) 

E l  7 2  (Ne . 1 0- 3 ) 

E2 72 (Np . 1 0- 3 ) 

Ea EPF + E l  + E2 

Em = 0 . 460 (W0 • 7 5 ) 

Eg 

Ep 

Et 

Epd l  

E o. 1 

Ld 1 

Ea - Em 

2 3 . 6 (Pp • 10- 3 ) 

( Eg + Ep) l 0 3 

Pd 1 • Ecp 

Et -

E.9. 1  = - -
Ec.R. 

Epd 1 

whence Pd 1 = Pp 

Successive iterat ions (Pd2  = Pp - 1 )  are performed unt il the 

const ra int  Ld � P d  is  met .  

( 3 1 )  Nz = (Pp - Pd)  
6 . 2 5  
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( 32 )  Nu (Ne + No + N p  + N z )  

I 0 I 0 
( 3 3)  N f  ( I Ai - I Zi ) 

i= l i= l 
6 . 25 

( 34 )  CP %CP . I 

( 35 )  Pe Pd 1 00 
CP 1 

Symbols used in the equa t i ons : 

Cx Weight o f  the xth dietary ingred ient ( g/ d ) . 

%Cx Percent age o f  the xth d ietary ingred ient in the diet . 

I Dietary intake ( g  a i r-dry weight / d ) . 

Aix  Weight of  the ith  amino acid  ingest ed from the  xth  diet ary 

ingredient ( g / d ) . 
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%Aix 
Ai 
CPx 
%CPx 
% CP 

Percent age o f  the ith amino acid in the xth d i e t ary ingredient . 

Int ake o f  the  ith  amino acid ( g / d ) . 

Crude protein intake of  the xth ingredient ( g/ d ) . 

Percentage crude p rot ein of  the xth ingr edien t .  

Percen tage crude pro tein o f  the diet . 

Int ake o f  the non-essent ial amino acid component in the xth 

ingredient ( g/ d ) . 

A 1 0 = Int ake o f  the dietaD' non-essent ial amino acid component ( g / d) . 

Y ix Wei ght  o f  the diges t ed i th amino acid in the xth  ingredient  

( g/ d ) . 

Dix  The apparent diges t ibility  (% )  of  the ith  amino acid in the 

xth  ingredien t .  

Zi Total  diges t ible ith  amino acid ( g /d ) . 

%di The d iges t ib il i t y  ( % )  o f  each amino acid in the diet . 

ai Int ake o f  the  i th  dige s t ible  amino acid correc t ed by a facto r ,  

Mj_ ( s ee below) ( g  N / d ) . 

Mi Molecular weight conversion factor : 

M1 = Mole cular  weight o f  n i t rogen in i th amino acid 
Total molecular weight o f  ith  amino acid 

Bi The level o f  the  ith  amino acid (ai )  relat ive to  lysine = 1 00 .  



£ 1  = 

Ne 

Na 

No 

WO · 7 5  

N g  

P g  

P p  

The level o f  lysine in an ideal amino acid balance ( set  

equal to 100) . 

Urinary nit rogen loss due to diet ary amino acid imbalance 

(g N / d) . 

Dietary nit rogen available for growth and ma int enance  ( g  N / d ) . 

Endogenous urinary nit rogen loss (g  N/d) . 

Met abolic  l iveweight of the pig (Kg) . 

N i t rogen availab le for growth ( g  N/d) . 

P rotein available for growth (g  protein/ d) . 

The amount o f  p rot ein that can possibly be depos ited du e to 

dietary and physiological inf luences (g  protein / d ) . 
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P r  = The maximum rate  of  protein deposit ion which is physiologically 

poss ible  ( g  protein/ d) . 

Np 

E 

DEx 
DCP 

EPF 

E l  

E2 

= 

= 

= 

Nit rogen excreted in urine due to the supply of  prot ein avail

able for growth exceeding the maximum amount of prot ein 

deposit ion physiologically possible (g  N/d) . 

Total d igest ible  energy intake (MJ DE/d ) . 

The diges t ible  energy cont ent of the xth ingredient (MJ DE/Kg) . 

Total dietary d iges t ible  crude protein intake (Kg/d) . 

P rotein- f ree  energy intake (MJ ME/ d ) . 

Ene rgy yield  f rom d eaminat ion of  imbalanced dietary amino 

acids (MJ ME/ d) . 

Energy yield f rom deaminat ion of amino acids supplied  in 

excess of the biological potent ial protein deposit ion rate 

(M.J ME/ d ) . 

Ea = Energy available  for growth and main tenance (MJ ME/d) . 

Em f-1a intenance energy requirement (HJ HE/d) . 

E g  = Energy available  for growth ( t-U ME/d) . 

Ep The ene rgy cont ent of the p rot ein which can possibly b e  

depos ited  due to dietary and physiologi cal inf luences (MJ ME/d) . 

Et Tot al energy to  b e  apportioned to the depos i t ion of  l ipid  and 

Epd 

E cp 

P d  

E.� 

Ld 

Ec£ 

= 

= 

= 

= 

= 

prote in in g rowth  (MJ ME/d) . 

Energy required for possible  prot ein deposit ion (KJ ME/d) . 

The total energy cost for d eposit ing one gram o f  protein 

(KJ ME / g ) . 

The wei ght  of  p rotein deposi ted ( g / d) . 

Energy available  for l ipid  depos ition ( KJ  ME/d) . 

The weight of  lipid d eposi t ed (g/d ) . 

The total ene rgy cost for depositing one gram o f  l ipid (KJ ME/g) . 



N z  

N u  

N f  

Nit rogen excreted i n  the urine f rom deaminat ion o f  dietary 

protein to s upply energy for l ipid  depos it ion ( g  N / d ) . 

Total urinary nitrogen excret ion ( g  N/d) . 

Faecal n i t rogen f rom d ietary and endogenous prot ein sources 

( g  N / d ) . 

CP Crude protein intake ( g/ d ) . 

i A subs cript denot ing the ith amino acid : 

i 1 lys ine 

i 2 meth ionine plus cyst ine 

i 3 tryptophan 

i 4 = hist idine 

i 5 pheny lalanine plus tyros ine 

i 6 threonine 

i 7 leucine 

i 8 iso leucine 

i 9 val ine 

i 1 0  non-es s ent ial amino acid component 

x A s ub s c ript  d enoting the xth dietary ingredient . 

! 1 Des cription o f  the use o f  a l inear programming a lgori thm 

to determine Na and N e .  

Act ivi ty  £ r , ' ideal ' nitrogen balance . 

N r = Ia . 1 Available nitrogen per unit o f  
i 1. • 

ideal activity . 

Let , � be  uni t s  o f  ideal activity .  

and . 

so  

T .  b e  a t rans fer activity ; nit rogen f rom ith  amino acid to 1. 
the  non-es sential amino acid total . 

X .  b e  l evel of  i th t ransfer  act ivity 
1. 

a: is  the  N i trogen intake vector 

Ia: .  i s  total n i t rogen intake . 
i 1. 
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The obj ective f unction = Max. XrNr 

subj ect to ; a � Xr £r + xT 

and ( Xr , x) � 0 

Then , Na  = XrN r 

Ne La · . 1 - Na 
1 

D. Compute risat ion of the model 

The mathemat i cal equat ions g iven above were p rogrammed 

on to an Apple 1 1  mi cro computer us ing the Applesof t I I  basic language 

( re f e r ,  Applesoft II Basic P rogramming Reference Manual , 1 9 7 8 .  Apple 

Computer Inc. , 10260 Bandly Drive , Cupert ino , California , U . S . A . ) .  A 

complete list ing of  the computer p rogramme is  lodged with t he Depart

men t  o f  Animal Science , Mas sey University , and may be made ava ilable 

on request . 

1 1 1 . 2 . 3 Evaluat ion of  the Model 

Erro rs occurring in s imulat ion can , according to Shannon ( 19 75 ) , 

be  classified  as those associated with des ign , programming , input 

data , use of the model and int erpretat ion of the resul t s .  

The present model  was s crut inised for errors aris ing d ue t o  its 

p rogramming.  The pro cedure used was t hat of  exploring the model  boun

daries by choos ing a wide range o f  comb inat ions of mo del input s ,  

cal culating the  model output by hand , and comparing this with o utput 

generated by the computer .  

Error messages have been incorpo rated in the  model  st ructure which 

aid in the proper use of  the mod el . An example  of misuse woul d be the 

analy s is of a diet  fed to  a growing pig of 1 8  Kg liveweight . The 

latter  input informat ion would elicit  an error message indicat ing that 

the l iveweigh t range of the model was exceeded.  Furthermo r e ,  t he input 

data are l is t ed on a p rint-out which allows checking for  the  accuracy 

of the input information. A samp l e  of model  print-out is  enclosed in 

the b ack cove r  of  the thesis . 

1 3 1  
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The process o f  model va l idat ion incorporat es three philosoph ical 

approaches ; rat ionalism ,  empiricism and pragmat ism .  The approach of 

the rat iona l i s t  was implicit  in the validat ion of the present ly

des cribed model . The concept of nit rogen part i t ioning during growth 

was accep t ed as a valid  f irst  assumpt ion , thus al lowing an examina t ion 

of the  log ic  pertaining t o  the  model s t ruc ture . Further to this , model 

componen t s  were accepted  on the basis of the empirical evidence con

s truing to  t heir  es t imat ion . Baldwin ( 1 9 7 6 ) , who has dis cussed the 

pragmat ic  approach to  val idat ing models o f  animal performance , s t ressed 

the need , in this  con t ext , for clearly-conceived model l ing obj ect ives . 

Following pragmat ism , a model is deemed val id , i f  it is capab le  of  

accurat e predi c t ion rega rdless of the in t erna l s t ructure and  und erlying 

logic o f  the  model . The present ly-described model was val ida t ed in the 

pos i t ivist  sense by comparing ou tput generat ed by the mod el wi th  out put 

derived from experiment a tion with  the growing pig .  The a im of  t h e  val

idat ion exercises was to evaluate  the accuracy of the model as a predic

tor  of t he body p rot ein reten t ion resul tant upon various combinat ions 

of  dietary nutrient input s .  

Val idat ion Exercise  One . 

The ab i l i ty o f  the model to  predict  urinary n i t rogen excret ion 

and body p ro t ein reten t ion was inves t iga t ed using the resul t s  f rom a 

s e ri es of  n i t rogen balance  t rials conduc t ed with  growing p igs ( Ho lmes , 

Carr and Pearson , 1980 ) . Even t hough the balance t rial i s  cons id ered 

to  underes t imat e  urinary n i trogen excret ion and overes t imat e  body n i t

rogen reten t ion ( Agri cul t ural Research Council , 1 9 8 1 )  the  data of  Holmes 

et a l .  ( 19 80 )  were deemed to be useful for model validat ion b ecause their 

s tudy included a wide range of experimental factors . Because of  the  

imprecise  na ture of  the  n i t rogen balance t r ial , this vali da t ion exercise  

was  not a s tr i c t  t es t  o f  t he pred i c t ive accuracy of  the mod el but sought 

rather to estab lish  whether the model pred i c t ions were s ensible . 

Holmes et a l .  ( 1980 )  fed boars and gilt s  four diets  ( composed of 

varying p roportions of mai ze , barley , soyabean-meal , skim milk powder , 

b lood-meal , s ynthet i c  met h ionine and synthet ic lys ine) at  two levels of 

intake . The pigs were hous ed in a thermoneutral environment and nitrogen 

balances were conducted at l iveweights of 30 and 50 Kg . Determined amino 

acid  values and digest ible  energy contents of the  diets  were g iv en . 



Ileal amino acid digest ibility coefficients were not given so cited  

values for  apparent faecal digestibilit ies of d ietary ni trogen were 

us ed .  Input data pertaining to  2 4  separate  nitrogen balance trial s ,  

each involving one animal , were compute d .  The relevant input data for  

each balance trial and the  accompanying actual and predicted urinary 

nitrogen excret ions are given in Table I I I . 2 . 2 .  

1 3 3  

Predi cted urinary nitrogen excret ion was in close agreement with  

the  act ual exc ret ion in  s everal of  the  b alance t rials (viz . Expt s .  1 ,  3 ,  

7 ,  9 ,  1 3 ,  1 4 , 2 0 ,  2 4 ) . There were several trials , however , in whi ch the 

agreement between the s imulated and actual values was poor (viz . Exp t s . 

8 ,  10 , 1 2 , 1 6 , 1 8 ,  2 1 ,  2 2 , 2 3 ) . There does not appear to be  any s ingle  

reason relating  to  model func tion , as to  why the  s imulated results  d i s 
agree with the actual values . The grea t est  d isagreement was observed  

in  Trial 2 1 .  I t  is notab l e  that the boar in this trial was on a lo� 

level o f  food intake and the model pred i c ted considerable  d eaminat ion 

o f  amino acids to supply energy for  l ipid synthesis (Nz = 5 . 2 8  g / d ) . 

Th is result raises some doub t concerning the appropriat eness o f  the 

minimum l ipid to pro t e in deposit ion ratio  o f  1 : 1  used in the model . 

The p redicted values o f  Nz for the gilts  in Trials 1 3  and 1 4 , however ,  

were also high (Nz  = 5 . 44 g /d ) , yet the s imulated and actual l evels o f  

urinary total ni t rogen excret ion agreed closely i n  both t rial s . I t  may 

well  b e  that the minimum ratio b etween body , lipid and pro t ein ret en

t ion is lower for ent ire male pigs as opposed to gilts or castrated 

mal es . I t  is  int er est ing to compare the results o f  Tr-ials 1 5  and 1 6 . 

The p i g  in Trial 1 6  had a lower crude p ro t ein intake than i t s  counter

part in Trial 1 5  yet the model predicts that the urinary nitrogen 

excretion in Trial 1 6  was relat ively higher .  The prot ein of  the diet  

fed in  Trial 1 6  was , however , very imbalanced [Ne  (Trial 1 5 ) = 7 . 8 1 g 
N / d ;  N e  ( Trial 1 6 )  = 1 0 . 56  g N / d ] . 

I f  the s imulat ion model predict ions (y )  were equivalent to pred ict ion � 

obtained b y  f i t t ing a regression o f  the obse rved dependent variabl e  ( y )  on 

some set  of  independent variab l es , then the r egression of  y on y, y = c + 

B9 + e ,  would g ive S = 1 ,  a =  o .  When this regression model was es t ima t e d  

a ±  S . E . = 0 . 149  ± 0 . 82 3  and S ± S . E . = 0 . 864 ± 0 . 04 3 .  It  was shown us ing 

the t test statis tic that � was not s igni f icantly d i f f erent from zero 

but B w as s ignificantly d i fferent f rom one . Actual urinary nitro g en 

was thus proportionally less ( 0 . 1 3  to  0 . 1 4 )  than that predicted b y  the 



Tab l e  I l l .  2 .  2 U r i n a ry n i t rogen (N)  e x c r e t ion;  ac t u a l  ( b a l an c e  expe r i me n t  t 1 ) v s . pr e d i c t ed ( s imu l a t i o n  mo d e l ) .  

B a l an ce e xp e riment I 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  

Sex t 2 G G G G G G G G G G G G 

Livewei ght ( Kg)  3 1 .  7 3 2 . 9  3 1 .  3 2 9 . 2  3 1 . 0  30 . 5  3 3 .  1 30 . 2  6 3 . 8 5 6 . 8 5 3 . 8  5 7 . 3  

Food intake ( g / d) 1 5 60 1 5 60 1 5 6 0  1 4 4 0 9 80 9 80 1 o no 9 80 2 5 2 0  2 3 00 2 300 2 3 60 

Diet crude pro t e in ( % ) 2 1 . 5 8 1 7 . 6 7 1 3 . 3 3  1 1 . 6 2 2 0 . 1 5  1 8 . 00 1 4 .  1 1 1 1  . 59  2 1 .  6 3  1 7 . €1 8 1 J .  7 1  1 1 . 9 4 

Actual urinary 
nitro gen ( g/ d) I 2 J .  7 6  1 3 . 3 2 9 . 6 2 8 . 4 1  1 2 . 82 I l .  O S  8 .  5 1  5 . 8 4 4 7 . 0 5 2 3 . 7 4 1 4 . 60 1 4 .  8 1  

Predicted ur in a ry 
nitrogen ( g/ d)  2 4 . 7 9  1 5 . 5 9 9 . 0 6 1 0 . 09 1 5 . 84 1 3 . 4 3  8 . 3 7  7 . 6 6 5 1 . 8 5 J l .  69 1 8 . 1 5 1 8 . 9 1  

B alance ex pe rimen t 1 3  1 4  1 5  1 6  1 7  1 8  1 9 2 0  2 1 2 2  2 3  2 4  

Sex G G G G B B B B B B B B 

Li vewei gh t ( Kg )  5 2 . 7  s o .  1 5 1 . 2  5 1 . 1  3 3 . 8 3 6 . 8  32 . 1 2 8 . 8 3 1 .  5 3 1 . 5  3 5 . 6 30 . 4  

Foo d  intake ( g / d} 1 4 60 1 4 2 0  1 4 2 0  1 4 20 1 6 80 1 6 80 1 5 60 1 4 40  9 80 9 80 1 1 2 0  980  

Diet crude p rotein (% )  2 2 . 0 1 1 8 . 6 7  1 4 .  1 0  1 2 . 6 2 1 6 . 4 6 1 8 .  7 5 1 1 .  7 9  1 1 .  6 7 1 8 .  1 4  I 7 .  6 1  1 1 . 4 5 1 1 .  3 8  

Actual urinary 
I nitrogen ( g /  d)  2 5 . 9 5 1 9 . 6 5 1 3 . 7 2  1 0 . 30 1 4 . 7 0 1 4 . 5 4 1 0 .  09 1 0 . 09 9 . 9 3 9 .  1 8  6 . 6 4 7 . 0 7 

P re dicted urinary 

I nitrogen ( g/ d)  2 8 . 9 6  2 0 . 7 3  1 1 . 0 7 1 3 .  8 1  1 0 . 5 2  1 8 . 9 3 1 2 .  20 1 1 . 3 4 1 4 . 0 3 1 2 . 2 3 8 . 9 5 7 . 2 2 

t l Ho lmes et a Z .  ( 1 9 80 ) . t 2  G = Gi l t ,  B = Boa r . 

,...... 
w 
p.. 
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s imulation model.  

Wi th view to the fact , however , that nitrogen balance  experiments 

underest imate  nitrogen excretion , it  is concluded that the values pred

ic ted by the model are realis t i c .  

The possibility has been raised that the model is imprecise in 

the predict ion of protein re tent ion in cas es whe re dietary protein is 

deaminated to supply energy for lipid synthes is . To t est t his  conj ec

ture more closely , predicted and actual body prot ein ret ent ion rates 

were compared at low levels of food intake using further data f rom 

Holmes et a l .  ( 19 80 ) . The find ings of  Fuller and Boyne ( 19 7 1 )  and 

Just N i elsen ( 19 7 1 )  indicate th� t nit rogen balance experi�ents over

es t ima te body ni t rogen retention by a proport ion of approximately 0 . 1 8 .  

On this bas is i t  was decided to  correct the actual values o f  body nitro

gen retention for the expected deg ree of overes timat ion . The relevant 

input data for  each balance t rial and the accompanying corrected actual 

and predicted rates o f  body prot ein depos it ion are g iven in Table  I l l . 

2 . 3 .  The components o f  the predicted urinary nitrogen loss are also 

i ncluded in Table  I I 1 . 2 . 3 to indicat e the relative importance of the 

different sources of urinary nitrogen loss in each balance t rial . 

The data in Tab le 1 11 . 2 . 3 generally d emonst rate a close relation

ship between the actual and pred i ct ed rates of body p ro t e in d eposi t ion.  

Also , there is  no indicat ion that the prediction of  body p rotein d ep

osi tion is any less ac curat e for the balance trials in whi ch Nz comprised 

a considerab l e  p roportion of  total urinary nit rogen loss . I t  is notable , 

however , that in the experiment where the predicted value of  Pd  d eviated 

mos t  f rom the actual value (Trial b) , a boar was predicted to have 

deaminated a relatively large amount of protein to supply energy for 

l ipid synthesis (Nz  = 4 . 4 8 g/d) . The lat t er observat ion further sup

ports the earlie r  s tat ement tha t the minimum , lipid to prot ein ratio of 

1 : 1  must b e  v i ewed with caut ion in the cas e of the ent ire male p ig .  In 

inte rpreting  the data presented in Table I I 1 . 2 . 3 it  must  be borne in 

mind that although a constant correction factor ( 0 . 1 8) was used t o  

adj ust t h e  actual values , the extent to whi ch the nitrogen balance  t rial 

ove r es t imates  body n i t rogen retention is  very variab le (Jus t ,  Fernandez 

and Jorgensen , 1 9 82 ) . 



Tab l e  1 1 1 . 2 . 3  Body pro t e in depo s i t ion ( P d ) ; a c t ua l  ( b a l ance exper iment t 1 )  v s . pr e d i c t ed ( s imu l a t ion mo d e l ) .  

B a l an ce e xp e r iment  

Sex  t 2 

L ivewe i g h t  (Kg)  
Foo d  i n t ake ( g / d )  

D i e t  c ru d e  p r o t ein  ( % )  

A c t ual P d  ( g/ d )  

P re di c t e d  Pd  ( g/ d )  

% Di f f e re n c e  t 3 

Ne ( g / d )  

N o  ( g / d )  

N p  ( g / d )  

N z  ( g /  d )  

a 

B 

30 

9 66 

1 1 . 6 1  

3 3  

3 1  

- 6 .  1 

5 . 82 

2 .  1 8  

0 

0 

b c 

B C 

30 30 

9 5 4  1 00 7  

1 7 . 7 2  1 1 . 6 1 

6 8  36 

5 6  3 3  

- 1 7 . 6  - 8 . 3 

6 . 1 0 6 . 0 7 

2 . 1 8  7. . 1 8  

0 0 

4 .  4 8  0 

d e 

C G 

30 30 

9 6 3  9 7 3  

1 7 . 7 2 1 1 . 6 1 

60 3 7  

5 8  3 1  

- 3 . 3 - 1 6 . 2  

6 .  1 6  5 .  85 

2 . 1 8  2 . 1 8  

0 0 

4 . 3 2 0 

f g 

G G 

30 30 

9 7 7  9 6 8  

1 4 . 02 1 7 . 7 2 

5 3  69 

56  5 8  

+ 5 . 7 - 1 5 . 9 

5 . 4 3 6 . 1 9  

2 . 1 8  2 . 1 8  

0 0 

0 4 .  3 2  

h i j k 

G G G G 

s o  s o  so  so  

1 4 0 6  1 4 3 3  1 4 3 7  1 3 8 3  

1 7 . 7 2 2 1 . 2 4 1 1 . 6 1 1 4 . 02 

7 6  9 4  5 3  7 0  

82  84  46  7 8  

+ 7 . 9  - 1 0 . 6  - 1 3 . 2 + 1 0 . 3  

9 . 00 1 0 . 3 8  8 . 6 6 7 . 6 8 

3 . 2 0 3 . 2 0 3 . 20  3 . 2 0 

1 . 3 4 7 . 90 0 0 

5 . 2 8 4 . 9 6 0 0 

t 1 D a t a  f ro m  H o lmes et al. ( 1 9 80 )  corre c t e d  f o r  t h e  exp e c t e d  ove res t im a t ion o f  n i t r o g en r e t en t ion (0 . 1 8 ) . 

Values f o r  e ach b al an c e  e xp e r iment  are the  means f o r  two p i g s .  

t 2 G = G il t ;  B 

t 3 i. d i f f e rence = 

B o a r ;  C = Cas t ra t e .  

(
A c t ual  P d - P re d i c t e d  Pd  

x 
1 00 

) .  
Actual P d  1 

...... 
w 
"' 



Although the subj ective nature o f  this validat ion exercise l imits  

any conclus ion regarding the predictive accuracy o f  the model , the 

exe rcise  d i d  d emons trate quite d efinit ely t hat the s imulat ion model  

genera tes values whi ch are  consis t ent with  actual pig growth . 

Validat ion Exerci s e  Two . 

1 3 7  

Henderson , Whi t t emore , Ellis , Smith & Laird ( 1 980 )  have given 

whole  body  pro t e in and lipid  deposit ion rat es for growing boars based 

upon the chemical analyses of  2 4  genet ically- improved pigs . Their 

data indi cate  a pro t e in d eposition rate of 1 2 9 . 0  ± 9 . 80 g / d  

(x  ± s . d . ) and a lipid  d eposition rat e of  1 85 ± 1 8 . 6 g / d  ( x  ± s . d . ) .  

The boars were housed in a controlled envi ronment and an average live

wei ght boar ( 60 Kg) was fed 2050 g/d  of a pelleted diet  ( Table 1 1 1 . 2 . 4 ) 

whi ch contained 1 3 . 8 MJ DE/Kg and 1 80 g/Kg c rude protein ,  on an air-dry 

bas is .  The apparent faecal diges t ibility o f  nitrogen in this diet was 

0 .  74 ( Smit h ,  W . C . , 1 9 82 , pers . comm . ) .  The amino acid pro f ile  of the 

diet  was calculated using tabulat e d  values for the amino a c id compos

it ion of th e ingredients . 

These  input data were comput ed ( simulat ion model)  and values for 

whole body p rot ein d eposit ion (Pd)  and lipid  deposition ( Ld )  of 1 30 . 0 

g / d  and 1 76 . 2 g / d  respectively were derive d .  The s imulat ed  value o f  Pd is  

propo rtionally higher ( 0 . 008 )  than the mean actual value and  the s imulated  

value o f  Ld is p roportionally lower ( 0 . 0 4 8) t han the  mean actual value . 

The agreement b e tween the simulated and actual values is close ,  

especially when viewed against the inaccuracies inherent in the meas ure

ment o f  the model input s  ( liveweight , dietary energy level , e t c . ) .  

Both p redi cted values l i e  within the range of  plus and minus one st an

dard deviat ion o f  the mean actual values . 

The present s imulation model is deterministic , yet  g rowth is 

stochas tic in nature . Mihram ( 19 72 )  no t ed the problems with validating 

a determinis t i c  model of an essent ially stochast ic phenomenon and sug

ges t e d  the us e o f  a one-sam� statistic al t es t . It may be hypo thesised 

that the s imula t ed output ( S )  is equal to the t rue population mean (� ) ; 

Ho : (� - S )  = 0 .  The value o f  � is es timated  by drawing a random sample 

from the population and the  calculat ion of  the  t-statis t ic const itut es 

a test  of the null hypothesis .  ThE: t-test f ailed to r ej ect the null 



Tab le I I I . 2 . 4  Ingredient composi tion
t 1

o f  t h e  diet f ed in t h e  s tudy 

of Henderson et a l .  ( 1 9 80 ) . 

Ingredient 

Ground barley 

Whea tings 

White  f ish-meal 

Ext racted soya bean-meal 

Mo lasses 

Added per tonne 

Di- calcium phospha te  

Zinc carbonate 

Sodium chloride 
t 2 

Vitamin p remix 3 
Mineral premix 

t 

% air-dry we ight 

55 . 00 

25 . 00 

1 0 . 00 

5 . 00 

5 . 00 

1 3 . 6  

0 . 2 

0 . 2 

2 . 3  

2 . 3 

f ( Smith , W .  C .  , 19 82 , pers . conun. ) 

t2 ( Drivi t e ,  Boots  Pure Drug Co . Ltd . ) 

t 3 ( Pig Mindif , Boots  Pure Drug Co . Lt d . ) 
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hypothes is in the case  o f  protein depos it ion rate but the null hypo

thes is was rej ected in the cas e of l ipid d eposit ion rat e .  The d i f ference 

b etween the actual and predic t ed values of  daily lipid deposi t ion was 

j ust s igni f icant at P = 0 . 0 5 . (Not e :  I n  rej ect ing the null hypothesis 

there is a risk of  being wrong in one in twenty t imes or less . ) 

Adopt ion o f  the one-sample stat ist ical test is a rather rigo rous 

approach to the probl em of model validation.  The statistically s ignif

i cant d i f f e rence between the actual and predi cted values of l ipid 

depos it ion does not re fute  the s imulat ion model but rather indicates 

that  the  predict ion of  lipid ret ention be  viewed with a certain amount 

o f  caut ion . 

The accept ance o r  rej ect ion o f  a s imulat ion model ult imat ely coin

c ides with  a j udgement concerning the suitab il ity  of  t h e  model for 
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meet ing t h e  modelling obj ectives (Wright , 1 9 7 1 ) . The present model was 

des igned to as s i s t  in comparison of the protein quality o f  diets  for 

pigs . I t  was intended that the model represent a s ingl e pig ,  the meta

bol ic  funct ioning of which would be akin to pig growth in general .  

Because the components of the model are des cribed as cons tant s ,  however , 

the model can not be expected to completely accurately represent all 

populat ions of  pigs , nor is it  necessary that it should do so . In its  

appl icat ion to the part icular s ample  of pigs  referred to here , the  

model gave an e s t imate  for  protein deposit ion which was very close  to 

that achieve d ,  and for l ipid deposit ion an es timate which although 

being signi f icantly d i f ferent f rom t he sample  mean in a statist ical 

sense , was within one standard deviat ion of the mean and hence repres

en tat ive of  a not incons iderable  proport ion of  the pigs in that popul

at ion . 

I f  the model constants had been est imat ed using the populat ion of 

pigs f rom which t he s ample  was drawn , then a closer agreement woul d be  

expected between the sample  means and t he estimates f rom the model . I t  

can b e  demonstrated , using the model , that if  t h e  maintenance energy 

requirement for the parti cular popul a t ion was in fact 440 rather t han 

460 MJ ME/Kg0 " 7 5 / d  ( the latter  value is that of the model parameter)  

then the predic t ed rate o f  l ipid d epo s i t ion would be  1 85 g / d .  Further , 

i f  the energy requirement for l ipid d epos i t ion was in fact 50 . 5  rather 

than 5 3 . 0 KJ ME / g  then the predicted rat e  of l ipid d eposit ion would  

also  b ecome 1 85 g/d .  In conclusion , comparison of the . actual and 

predicted data does not in any way suggest that the model is unsuitable 

for  the purposes for which i t  was developed . 

Because the s imulated value of Pg  was greater than 1 30 . 0 g / d  

( 1 33 . 4 g / d )  i t  may s eem t hat the t es t  of  the accuracy of  predict ion of 

Pd b ecomes a t es t  of  the  suitability  of the  model parameter  P r .  I t  

would b e  concluded that a value o f  P r  1 30 . 0 g / d  i s  acceptab l e .  The 

latter  conclus ion , however ,  rel i es on the assumpt ion that the model  

prediction o f  P g  is  a ccurate .  Pg  may b e  over es t imat ed by s imul a tion 

and the actual value of Pr  may in fact be h igher t han 1 30 . 0  g / d .  Once 

again , it is pos s ib l e , although unl ikely , that balanced protein was 

deaminate d  during a ct ual g rowth to supply energy in response to a need 

for l ipid synthesis , resulting in 1 30 . 0 g pro tein/d being avai lable for 

d eposit ion , regardl ess of  the maximum phys iologically pos s ible  rate  o f  
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pro t e in reten t ion . I t  can only be concluded that on average the actual 

values of  P r  and Pg  were � 1 2 9 . 0  g / d .  The above poin t s  c l early demon-

s t rate  an important  f e a t u re o f  the  val idat ion p rocess . Va l idat ion of  

a model  in  the  pos i t iv i s t  s ens e es tabl is hes tha t a model  i s  s a t is fac tory 

in predicting the  output  o f  a sys t em for  given l evel s  o f  input . I t  

does not provide proo f o f  the veracity  o f  the mod el components . The 

present val idation mere ly  demons t rates  that , at  l east  for this  s ample 

of  pigs , the model  is a ccurate  in the pred i c t ion of pro t e in and l ipid 

depos i t ion rates . 

Validat ion Exe rc i s e  Thre e .  

Neither o f  t h e  p revious two validat ion exercises  has made use 

of apparent i l eal amino a ci d  d igest ibility  values the app lication o f  

wh ich should increas e t h e  accu racy o f  t h e  model pred i c t ions . Also , the 

pigs of Henderson et al. ( 19 80 )  referred to in the second val idation 

exercise  s upport ed h igh p rot ein  deposit ion rates . I t  was cons idered of 

value , therefore , to  val i d a t e  the model in a s ituation whereby the prot

ein deposit ion rat e  of the pigs  was well below the expec t ed maximum. 

Twenty Landrace X Large ��ite  entire mal e  pigs ( boars ) of about 

1 5  Kg l iveweight  were s el ected  at random from a weaner pool at the P ig 

Res earch Cen t re , Mas s e y  Univers ity . The boars were individually penned 

in a cont ro l l ed- environmen t  b uilding maint ained at 2 1 ° ± l ° C and fed a 

diet ( re f er Tabl e  I I . 2 . 1 0 )  composed o f  barley- , pea- , f ish- and meat-and

bone-meal ( barley-based  d i e t ) . Ten of the pigs , selected at random, were 

killed using a capt ive b o l t  p i s tol  fol lowed by exsanguina t ion, as s oon 

as they reached 20 Kg l iv eweigh t .  After  s laught e r ,  the b lood of each 

pig was collected  and f ro zen . Digesta f rom the intestinal t ra ct of each 

pig and bladder urinary content s  were removed and discarded .  The com

plete body o f  each p i g  w as f ro zen (-20 ° C)  and later groun d  and mixed . A 

representative s ampl e  o f  the mixed material was freeze-dried and sub s equ

entl y  finely g ro un d  and r e-mixed . The f reeze-dried s amp l es of whole 

body t is sue were ana ly s e d  for  n i t rogen and fat  ( e th er-ext ract ) .  Samples 

of the un-dried and f re ez e-dried material were analy s ed f o r  dry mat ter  

cont en t .  The methods  f o r  t he analysis  o f  dry matter  and nitrogen were 

as described earlier  ( I . 2 . 2 . vii) . The extraction of fat using petroleum 

ether followed the method  out l ined  by  the Associatio n  o f  Official Anal

y t ical Chemi s t s  ( 19 75 ) . 
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On attaining a liveweight o f  2 0  Kg each o f  the remaining t en boars 

was fed a pre-determined amount of the barley-based diet for a further 

40 days . Each animal was spl it-fed its respect ive daily allowance at 

08 . 30 h and 1 6 . 30 h .  The diet was f ed to the p igs mixed with wat e r .  

Ext ra water was supplied t o  t h e  pigs a d  l ibi tum. The init ial and f inal 

l ivewe ights  o f  the pigs were recorded . As well as the barley-meal each 

animal received a daily supplement o f  maize s tarch ( refer  Tab l e  11 . 2 . 1 3 ) . 

The average l iveweight o f  a boar during the 40-day period o f  the 

t rial was 30. 35 Kg and the average daily intake of the barley-bas ed 

meal was 12 5 1  g. Upon concl us ion of the 40-day growth period , each 

boar was s laugh tered and samples o f  whole body tissue were prepared 

( as described) for the analys is of fat , nit rogen and dry matter contents . 

The determined crude protein ,  amino acid and diges t ible energy con

ten t s  of the dietary ingredients  were availab le along with their deter

mined apparent ileal amino acid diges t ibility  coe f f i c i ents . The 

relevant input data were computed ( s imulat ion model ) and predicted  

values for Pd o f  89 . 24 g / d  and f o r  Ld  of 1 2 8 . 58 g/d  were obtained . 

Act ual values o f  Pd and Ld calculated on the basis o f  whole body com

pos i tion and ini t ial and f inal pig liveweight s  were 87 . 02 ± 6 . 58 g / d  

( x  ± s . d . )  and 1 3 3 . 34 ± 1 6 . 85 g/d  (x ± s . d . ) respectively . Both pred

i cted  values lie within the range of plus and minus one standard 

d eviat ion of the mean actual values . The pred icted value of  Pd  was 

p roport ionally greater  ( 0 . 026 )  than the mean actual value  whilst  the 

predicted value of Ld was proportionally less ( 0 . 0 36 )  than the mean 

actual value .  S tat ist ical analys is ( St udents t t es t )  showed that the 

d i f fe rences between the respective predicted and actual means were not 

s ignif i cant . It is concluded t hat the simulat ion mod el accurately pred

icted  the protein and lipid depos it ion rat es for the group o f  pigs in 

the present validat ion t rial . 



1 1 1 . 2 . 4  Discuss ion 

A determinis t ic model bas ed on empirically-derived components and 

cons tructed around a t heore t ical concept of nut rient part it ioning in 

growth has been described.  Al though the model apport ions nut rients  

during pig  growth in  a s implif ied manner the  ini t ial validat ion exer

cises ind icat e  that the model is  suitably  accurate for predict ing 

prote in and lipid depos ition rat es for various levels of nut rient 

inputs . 

Den t and Blackie ( 1 9 79 )  have comment ed that even if  adequa t e  

model performance is demons trated b y  one or a series of  validat ion 

tes t s ,  the validat ion procedure should no t cease . These authors envis

age validation as a cont inuing process closely al lied to model devel

opment .  

As validat ion con t inues f urther ref inements will be  made t o  the  

model .  The impl ementat ion of  sens itivity analysis (Wright , 1 9 7 1 )  wil l 

aid in detect ion o f  the model components of great est importance and 

considerat ion of  the f unct ional effectivenes s and pos s ible  improvement 

of these components will  ensue .  The model programme allows ready 

manipulat ion of i t s  e l ement s  by the operator and such facility  permit s 

s ens itivity analysis  to  be conducted rapidly . 
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Although the model has  b een val idated mainly from a positivist 

perspect ive and goo d agreement has been d emons t rated between predicted 

and actual values , this does not necessarily support the case that the 

model is a close representat ion of reality .  However , following the 

argument of  Shannon ( 19 75 ) , even though rat ional ist and empiric ist  

approaches should b e  involved in  model  validat ion the  validator must 

f inally evaluate the adequacy o r  validity of  the model in r elat ion to 

the purpose  for which it was created . Therefore ,  cons idering that the 

main obj ect ive which guided model con s t ruct ion was to d evelop a method 

for quantitat ively predict ing the ut i l isat iori o f  dietary p rot e in , the 

predictive accuracy of the model is the parameter of primary importance.  

The model meets  the design obj ectives in al lowing a ranking of 

mixed diets fed  to  g rowing p igs according to  p rotein quality and by 

providing the means whereby the relevant importance of s everal factors 
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a f fecting pro t e in quality may be assessed . 

Mos t  of the classi cal methods of pro tein quality evaluat ion ( prot ein 

e ff i ci ency ra tio , b iological value , net pro t e in u t ilisat ion e t c . ) attemp t 

to  measure the amount of  diet ary pro t ein retained by an animal ( Bender , 

1 9 82 ) . The mod el variable  Pe es t imates the e f f i c iency of  util isat ion 

of daily d ie tary crude protein during pro t ein growth and Pe can thus be 

considered a fundamental measure of protein quality . The est imat ion of 

Pe is  supported by the argument of  Bender ( 1 9 82 ) that it is  necessary in 

the evaluat ion of protein quality to be able t o  det ermine the  available 

l evel of each essen t i al amino acid in a food and thence pred ict  t he value 

of  tl": e food under a variety of conditions . The value of  P e  should be  

cons idered in  conj unct ion with the ab solut e  l evel of  prot ein d epos it ion 

( P d ) . I t  is  poss ible for diets  to  demons t rate  s imilar Pe values but yet 

s upport widely different rates of pro t e in depo s i t ion.  Calculat ion of Pd 

per uni t  of  the maximum rate of pro t e in deposit ion phys iologi cally pos

s ible  ( Pr )  is  o f t en useful . 

Hegs ted ( 19 7 3) urged the development o f  a measure ' f '  such t hat  the 

amount of dietary protein mul t ip lied by  f equals  the protein ava ilable  to 

the  animal . The variable  Pg est imat es the daily amount o f  prot ein avail-

b ' -� abl e  for growth and can thus e used to  generate Hegst ed s f value ( f-CP ) .  

The model output also includes an estimat e  of the da ily diges t ib l e  crude 

protein  intake ( DCP) , bas ed on the apparent d iges t ibility of d ie tary 

amino acids at the terminal ileum o f  the growing pig . 

The model predicts  the effect  on prot ein  u t il isat ion of  manipulat ing 

s everal d ietary fac tors . The first  l imit ing amino acid in g rowth is  

iden t i fied and the  e f fects of changing factors such as f eeding level , 

dietary amino acid balance or protein to energy ratio  are r eadi ly cal

culated . The e ffects  of  changes  in  the l iveweight and sex o f  the  animal 

may also b e  evaluate d .  

Despite  t h e  usefulness of  the model , however , f o r  est imat ing t h e  

p ro t ein qua lity  o f  a mixed d i e t  and i n  al lowing a n  analysis  o f  t h e  

e f fects  o f  various factors o n  pro t e in qual ity , the model i s  subj ect  t o  

certain l imitations . The mod el includes assumpt ions and ignores the  

influence o f  s everal factors . I t  i s  assumed , for  examp l e , that the 

dai ly maintenance energy requirement is the s ame for all  s exes , yet  the 

evi dence of  Full e r ,  Cordon and Aitken ( 19 80 )  ind icates  that boars and 
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gilts  may have sub s t an t ially higher maint enance energy requ irement s  t han 

cas trates . Moreover ,  the mo del  a ccepts the - s tatistica l  concept o f  main

tenance ene rgy requi rement as given by Kielanows ki ( 1 9 6 5 )  which does 

not provide a direct descript ion of  the energetics o f  pro t ein turnover 

( Fawcet t ,  1 9 78) . In the s tatis ti cal  sense the metabol isab l e  energy 

req uirement for ma intenan ce be comes a res idual t e rm and may be regarded 

as the met abol isab l e  ene rgy int ake no t accounted for by the energy cos t  

f o r  depos it ion of  pro t ein and fa t .  The s t atist ical  concept o f  ma int en

ance has no strict  physio logical meaning but can be gene rally assoc iated 

with the energy req ui red for vital  body f unct ions su ch as circulat ion , 

respirat ion and body t issue tu rnover . Tess ( 1 9 8 1 )  has argued that it  is 

mo re appropriate to relate the maintenance  energy requi rement to l ean 

body mass rather than body weigh t .  ��i t t emore and Gibson ( 1 9 8 3 )  have 

sugges ted  that the pig growth model  of Whit t emore and Fawcett  ( 19 76 )  

could be . refined by express ing t h e  ene rgy cost o f  maint enance as a 

f un c t ion o f  body pro t e in mas s .  

I t  is  also assumed that the rate o f  l ipid depo s i t ion can n o t  b e  

lower than the  rat e o f  p rot ein depos i t ion . By way of  examp l e ,  t h i s  con

s t raint means that if a daily  rat ion of 5 80 grams of barley is f ed to a 

35 Kg liveweight  gi lt  ( p rovid ing a d iges t ible  energy intake c lose  to 

maint enance requirement )  the model  pred icts  that lipid  is d eposit ed at 

0 .  7 3  g/d and prot ein at  0 . 4 7 g/d . The data  o f  Close , Mount and Brown 

( 19 78) and Close  and S tanier ( 1 9 80 ) , however , sugges t that  at low l evels 

o f  food intake the  growing pig  loses s to red  l ipid to suppor t pro t ein 

accretion.  If  the model cont ained an e s t imate o f  total body compo s i tion , 

i t  would s eem more appropriat e to express the minimum l ip id con s t ra int  

in t e rms o f  body lipid compo s i t ion rather  than daily  l ip id depos it ion 

rat e .  Also , the f indings of Kemm ( 19 80 )  show that the minimum lipid  to 

pro tein ratio may be  lower than 1 : 1 .  Wh i t t emore  ( 1 9 83)  has no ted  that 

recent research indicates  that the body weigh t gain of the ent ire  male pig 

is  typified by  a lower rat io of  l ipid to pro t ein , t han is the case for the 

gilt  or  cast rated mal e .  In  face of  the a rb i t rariness concerning the choice 

o f  the magnit ude o f  the cons t raint between l ipid and p ro t e in depos i t ion 

rates , the small los s of energy associ a t ed with pro t ein d eaminat ion 

( S t ep 10)  i s  not calculated in the presen t  model . 

A further poi n t  relevant to the  prediction o f  nutr i ent ass imilat ion 

at low food intakes is that the model assumes a constant  ' id eal ' balance 

o f  amino acids required for growth , whereas this  patt ern may vary between 
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levels of protein intake . Finally , the mod el d isregards the pos s ib l e  

interactive effect  o n  growth due to factors such as  environmental temp

erature , genotype , diseas e ,  heat-damaged proteins , large degrees o f  

amino acid imbalance and amino acid toxicity , the presence o f  an ti

nut r i t ive subs tances eg . tannins and the levels of oth er dietary sub

s tances , eg . mineral s ,  vi tamins , fats  and f ibre . 

The l imitat ions imposed by model des ign must be regarded in the  

interpretat ion of model output . In spite  of these l imita tions , however , 

evidence accumulated to date suggests that the model al lows rap id and 

accurate assessment of the prot ein quality of di etary regimes commonly 

encountered in prac tical pig produc t ion . An important att ribute of  

the model is the  speed at which the  protein qual ity o f  a mixed d i et 

can be  determined . A protein quality score for a diet  can be  est imated 

( 4 8  K memory Apple I l  computer)  within approximately three minut es , thus 

allowing the predict ion and comparison of  prot ein qual ity s cores for a 

large number of dietary regimes . 

In order to illustrate t he use  of the s imulation model , dietary 

formulat ions for the growing pig typical of  those  currently b eing 

employed on New Zealand farms , were studied . The respect ive dietary 

formulations are given in Table  I I I . 2 . 5 . The nutrient  composit ions of 

the ingredients l isted in Table I 1 1 . 2 . 5  were taken f rom tabulated val

ues , and e s t imates of the apparent ileal digestibility of amino acids  

in  the ingredients were based  upon pub l i shed es t imates , It was assumed 

that the diets  were fed  to 50 Kg liveweight gilts  at three levels o f  

daily  food intake . These input data were computed us ing the s imulat ion 

model  and output relating to the utilisat ion of di etary protein is  

presented in  Tab le I 1 1 . 2 . 6 .  

At the two lower levels of feedin g ,  the prot ein of diet  f ive  was 

u t i l is ed with the greatest efficiency and that of diet  four with  the 

least e f f iciency . At the h igh feeding l evel , diet  s ix gave the greatest 

e f f i ci ency and diet four the lowes t .  The maximum value o f  Pe  was 

4 2 . 08% and the minimum value 1 8 . 82% . The d i f ference b etween the  

h ighe s t  and lowest e f f iciencies of  protein utilisation , at each 

feeding level , decreased as food int ake increased . 

The values o f  Pe for the various diets  rank d i f f er en t ly a t  each 



Tab le  I I I . 2 . 5  
... 1 

The i ngre d i en t compo s i t ions (g/ Kg a i r- d ry w e igh t )  o f  some comme r c i a l  pig growe r d i e t s 1 

D i e t  

Ingre d i e n t  1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  

Mai ze - 7 2 0  - 200 7 9 0  - 4 0 5  4 4 0  7 0 8  2 00 so 
Ba rley 740 - 4 1 5 6 1 3  - 74 5 3 4 4  4 4 0  - 390 6 4 0  8 7 0  7 9 0  820  8 3 0  

Whe a t  - - 2 7 5  - - 200 - - - 1 7 0 l OO 
Skim m i l k  
powder I - so - - 1 1 0 2 5  - - 7 5  

Meat- ;md-
bone-me a l  1 00 1 7 5 l O O  - 70 - - 7 0  - - - l OO l O O  1 1 0 l OO 
Lucerne - so 
P eas 1 2 0 - 200 - - - - - - - - - 60 

Poll ard - - - 1 2 5  - - 5 1  - so l OO 1 00 

Mea t -meal - - - so - - 1 0 1 - 1 00 1 2  5 1 00 

B lood -meal 30  - - - 2 0  - 3 8  4 0  4 0  - - 2 5  4 0  3 0  3 5  

Fish-meal  - - - - - - 5 1  - 2 0  - - - - 30 2 5  

Cas e in - - - - - 2 5  

Tal low - - - - - - - - - 5 

Synthe t i c  
I lys in e  - - - - - - - - - - - - - - 0 . 5 

V i t amins  & 
minerals I 1 0  5 1 0  1 2  1 0  5 1 0  1 0  7 1 0  1 0  5 1 0  1 0  9 . 5  

t 1  Source  o f  i n fo rma t io n  - Th e New Zea land P o rk I n du s t ry Bo a r d .  
-
1:-
0\ 



Tab le  I I I . 2 . 6  

Mod e l  I output  

DCP ( g/ d)  t 
P g  ( g/ d )  

P d  ( g / d )  

P e  ( % )  

DCP ( g/ d )  t 
P g  ( g/ d )  

P d  ( g / d )  

P e  ( % )  

DCP ( g / d )  t 
P g  ( g / d )  

Pc! ( g/ d )  

Pe  ( % )  

Mod e l  pred i c t ion of  t he u t i l i s a t ion of  d i e t a ry c ru d e  pro t e in a t  t h r e e  l ev e l s  o f  food i n t ake . 

1 2 3 4 5 

1 9  3 1 84 1 80 1 4 7  1 8 1  

86 . 40 7 3 . 6 1  6 8 . 7 7  3 7 . 99 96 . 3 8 

7 7 . 40 7 3 . 6 1  6 8 .  7 7  3 7 . 9 9 9 6 . 3 8 

2 9 . 2 3 2 8 . 81 2 7 . 66 1 8 . 8 2  4 1 . 8 8 

2 2 9  2 1 9 2 1 4 1 7 5 2 1 5 

1 06 . 3 4 9 1 .  1 5  85 . 4 1 4 8 . 86  1 1 8 . 2 0  

1 0 6 . 3 4  9 1 .  1 5  85 . 4 1 4 8 . 86 1 1 5 . 00 

3 3 . 82  30 . 0 7 2 8 . 9 3  2 0 . 3 8  4 2 . 0 8 

304  2 9 1 2 84 2 32  2 8 5 

6 7 

1 5 3 2 3 7  

5 9 . 4 1  1 0 8 . 66 

59 . 4 1 80 . 6 6 

3 0 . 6 3  2 6 . 2 1  

1 82 2 8 1  

7 4 . 30 1 32 . 7 8  

7 4 . 30 1 1 0 . 00 

32 . 2 6 30 . 0 1  

2 4 2  3 7 4  

D i e t  t4 

8 9 

1 6 7  2 4 3  

6 5 . 6 8 1 2 7 . 86 

6 5 . 68 92 . 00 

3 0 . 86 30 . 00 

1 9 8  2 88 

8 1 . 7 4 1 5 5 . 5 8 

8 1  . 7 4 1 1 5 . 00 

3 2 . 3 4 3 1 . 5 8 

2 6 3  3 82 

1 0  

1 9  8 

58 . 7 5  

5 8 . 7 5  

2 1 . 9 0 

2 3 5  

7 3 . 5 1  

7 3 . 5 1  

2 3 . 08 

3 1 2  

1 4 7 . 7 1  1 2 7 . 55 1 1 9 . 9 2 7 1 . 4 1  1 6 3 . 4 5  1 0 5 . 1 7  1 82 . 80 1 1 5 . 0 5 2 1 3 . 08 1 0 4 . 1 3  

1 1 5 . 00 1 1 5 . 00 1 1 5 . 00 7 1 . 4 1 1 1 5 . 00 1 0 5 . 1 7 1 1 5 . 00 1 1 5 . 00 1 1 5 . 00 1 04 . 1 3  

2 7 . 5 5  2 8 . 5 7  2 9 . 3 4  2 2 . 4 4 3 1 . 7 0 34 . 40 2 3 . 70 3 4 . 2 8 2 3 . 7 9  2 4 . 6 2  

t 1 50 Kg l ivewe igh t g i l t  f ed 1 4 4 0  g mea l / d .  

t 2 50 Kg l ivewe i g h t  g i l t  f ed 1 7 1 0 g mea l / d .  

t J 50 Kg l ivewe i g h t  g i l t  f e d  2 2 70 g mea l / d .  

t4 Ref e r  Tab l e  1 1 1 . 2 . 5 . 

1 1  1 2  1 3  1 4  1 5  

1 8 2 1 7 4 1 9 6  1 9 4  1 9  5 

5 2 . 8 1 64 . 2 8 8 7 . 7 3 8 3 . 50 9 2 . 9 8 

52 . 8 1  6 4 . 2 8 7 5 . 7 3  7 3 . 5 0 7 4 . 98  

2 1 . 09 2 6 . 66  2 8 . 4 4 2 7 . 3 5  2 8 .  1 5  

2 1 6 2 0 6  2 3 2  2 3 1  2 3 1  

6 6 . 4 6  80 . 08 1 0 7 . 9 3 1 0 2 . 90 1 1 4 . 1 6  

6 6 . 4 6 80 . 0 8 1 0 6 . 9 3 1 0 2 . 9 0 1 0 5 . 1 6  

2 2 . 3 5  .2 7 .  9 7 3 3 . 82 3 2 . 2 5 33 . 2 4 

2 8 7  2 7 4  309 306 30 7 

9 4 . 7 7 1 1 2 . 8 5 1 4 9 . 8 2 1 4 3 . 1 4  1 5 8 . 09 

9 4 . 7 7 1 1 2 . 8 5 1 1 5 . 00 1 1 5 . 00 1 1 5 . 00 

2 4 . 0 1 2 9 . 69 2 7 . 40 2 7 .  1 5  2 7 . 3 8 

,_. 
s:-. 
-....) 



level of  feeding . In s everal cases ( eg .  diet one) the maximum e f f ic

i ency of  util isation of dietary protein was found at the intermediate  

f eeding level whe reas for other diets ( eg .  diet  three) , 

the e f f i ciency of  utilisation increas ed in accordance with f eed ing 

leve l .  The fact that t h e  value o f  Pe f o r  a given d i e t  changes \vi th  

the  level o f  feeding points to  an  inadeq uacy of  describ ing dietary 

pro tein quality  by the common lys ine/energy rat io . Also , at any pa r

ti cular feeding leve l it can be readily shown us ing the data in Table 

I I I . 2 . 6  that the lys ine/ energy ratio is a poor ind icator of  the 

e f f i ciency o f  util isation of dietary protein . 

There are several examples in Tab le I II . 2 . 6  o f  diets the Pe values 

of which are s imilar yet the values for protein depos it ion (Pd )  are 

very d i f f erent ( eg .  d iets  eight and n ine at 1 440 g mea l/d) . This reit

e rates the need to interpret the values for Pe in the l ight of the 

val ues of  Pd or  al t ernat ively to compare the qual ity of diets  at equal 

c rude protein intakes . With reference to the data in Table  I I I . 2 . 4  it 

can be  shown that on average 0 . 4 3  o f  the daily digestible crude protein 

intake was available  to the pig  for g rowth . The propo rtion of d iges

tible c rude p rot ein available for growth fell to a minimum value of  

0 . 26 ( diet four , 1 44 0  g meal /d )  indi cat ing a cons iderable degree of  

amino acid imbalance for  this  die t .  The  importance of an  adequat e 

pro tein- f ree  energy s upply is exemp l i f i ed by compari son of d iets  f ive  

an d nine at  the low level o f  food intake ( 1 440 g/d) . Although d ie t  

nine has a h igher value f o r  Pg  ( 12 7 . 86 v s  96 . 38 g / d )  diet f ive  sup

ports a great er  level of  pro te in depo s i tion ( 96 . 38 vs 92 . 00 g / d )  

indi cat ing cons iderab l e  deaminat ion of p rotein from diet n ine . 

The model provides  the means for studying the effects  o f  changes 

in dietary and animal factors on the ut il isat ion of dietary p rotein .  

By way of  example , i f  diet  four was supplemented with syntheti c  lysine  

and this diet  was f e d  to the  50 Kg  l iveweight gilt  at  1 440 g/d  then 

the model indicates t hat with 0 . 06% added lysine , Pd increases from 

37 . 99 to 48 . 30 g/d  and Pe f rom 1 8 . 82 to 2 3 . 84% . With 0 . 1 0 %  added 

lys ine , Pd  in creases to  5 5 . 22  g/d and Pe  increases to 2 7 . 1 7% .  

I f  diet  four was f e d  ( 1440 g/d )  to a 4 0  Kg l iveweight gilt  as 

oppo s ed to a SO Kg anima l ,  Pd increases f rom 3 7 . 99 to 4 1 . 07 g / d  and 

Pe f rom 1 8 . 82 to 2 0 . 35% , alt hough the ratio of lipid to protein in  

1 4 8 



daily gain also increases considerab ly ( 2 . 95 to 3 . 30) . The model 

indicates that lys ine is  the f irst l imit ing amino acid for growth in 

most  of  the diets s t udied .  Me thionine p lus cyst ine , however , was 

shown to be first  limi t ing in diet  one . The model demon s t rates that 

the addition of synthetic  methion ine ( 0 . 05%)  to d iet one at the low 

level of feeding would lead to ins ignifi cant changes in Pg and P d , 

thus indicating t hat methionine p lus cys t ine is only marginally lim

i t ing in this diet . A comb ined s upplementat ion of lysine ( 0 . 06%)  and 

methionine ( 0 . 04%)  gives small increases in Pd and Pe (Pd ; 7 7 . 40 to 

1 4 9  

7 8 . 55 g / d , Pe : 29 . 2 3  t o  2 9 . 50%) . Fo llowing the lat t er supplementation , 

however , Pg  increases f rom 86 . 40 to 9 7 . 6 5 g / d .  I n  t his case , the  

model p redicts  that the replacement of some barl ey in  d iet one  with  

peas ( 2%  of  die t )  and tallow ( 3% of  diet )  in  conj unct ion with the  

add i tion of lys ine and methionine allows Pd  to increase from 7 7 . 40 to 

89 . 06 g / d  and Pe f rom 2 9 . 2 3  to 3 3 . 65% .  

P resentat ion o f  the above analys i s  demonstrates t he cons iderable 

u t i l i ty of  the s imulat ion model . Further , al though the presen t  model 

was developed to  enab le  a rapid comparison of  pro tein quality  among 

dif fering nut r i tional regimes the model may f ind other app l icat ions . 

The model has al r eady proved an effect ive aid for the t each ing o f  nut

rit ional principles and i t  is  envisaged that an approach s imilar to 

the one adopted here , may af ford appl icat ion in the nut r i t ion of  o ther 

mammal ian species including man . 



ADDENDUM 

Since completion o f  this s tudy some pert inent informat ion has 

been pub lished concerning the nature of protein , energy interact ion 

during pig growth .  The data  of  Carnpbell ,  Taverner and Curie ( 1 984 ) 

af forded a further test  o f  the adequacy of the simulat ion model des

cribed in Part I l l  of the t hesis . 

Carnpbell et a l .  ( 1 9 84 ) fed eight diets of  s imilar energy cont ent 

but ranging in crude protein concentration f rom 95 to 2 56 g/Kg to 

ent i re male p igs growing f rom 45 to 90 Kg liveweight .  Each o f  t he 

diets  was given at  two l evels o f  feeding to provide either 2 . 5  or  

3 . 2  t imes the  energy required for  maintenance . Rates of body prot ein 

and l ip i d  deposi t i on were determined and are presented in Table  1 .  

Informat ion pertaining to the latter s tudy served as input for 

the model . Determined g ross  amino acid , i leal amino acid diges t ib il

ity  and diges t ible  energy values for the dietary ingredients  were 

not  avai lable so t abulated values were used . The predi cted rates o f  

p rotein and l i p i d  depo s i t ion are also given i n  Table 1 .  

Alt hough the nutrien t  data entered to the model programme were 

only e s t imates , t here is close agreement between the actual and pred

i cted  values  for t is sue deposition rate . 

Campbell et a l . ( 1984 )  interpreted their data set as indicating 

an interdependent effect  of dietary protein and energy on p ro te in 

depos i t ion rat e . The determined response of protein depo s i tion t o  

dietary p ro t e in int ake i s  shown i n  Figure 1 .  Reference t o  Figure 1 

shows that when dietary protein was l imiting for growth , rate o f  

prote in depo s i tion was l inearly related t o  protein intake b u t  indep

enden t of energy intake . For pigs given adequate levels o f  crude 

pro t e in , rate  of p rot ein deposit ion was related to energy intake and 

independent o f  c rude prot e in . 

Figure 1 also  demons trates that the s imulated pattern of p rotein 

depo s i ti on rate follows the actual pattern very c losely . The model 

output confirms that at lower protein intakes , p rotein available for 

growth (Pg ) was less  than the maximum rate of protein deposition 



phys iologi cally pos s ible (Pr)  and that energy available for  t issue 

deposi t ion (Et ) was no t l imit ing protein depos it ion . Further , at 

the three higher levels of protein intake on the low level of 

f eeding the model indicates that Pg was greater than Pr  but t hat Et 

l imit ed prot e in deposit ion (note that Ld : Pd = 1 . 0 ) .  Finally , at 

the f ive higher levels of protein intake on the high f eeding regime 

t he model ind icates that Pg was greater than Pr and that Et did not 

l imit the rate  of protein deposit ion (no te Ld : Pd > 1 . 0 ) .  It appears 

that at these l evels of protein and energy intake , Pr imposed a l imit 

on the rat e  o f  body protein depo s i t ion . 

Table 1 .  A comparison of act �alt rates of daily t is sue depo s i t ion with 

values generated by a model s imulat ing growth  in  the  pig. 

Feeding P ro t e in 
l evel intake (g/ d )  

Rat e  of  t i s sue depo s i tion (g/ d )  Rat io of l ipid to 

Low 

High 

* Actual 

1 75 

2 1 7  

260  

303  

342  

389  

4 2 7  

4 7 4  

2 2 6  

2 8 0  

3 3 6  

389 

4 4 5  

504 

5 5 7  

6 12 

P rotein 

Act . *  Pred . t 

56  

7 7  

9 2  

1 1 7  

1 2 7  

1 2 5  

1 24 

1 2 5  

7 6  

9 9  

124  

1 4 2  

1 4 5  

1 4 7  

1 37 

1 3 4  

5 1  

70  

89  

107  

1 25  

1 30 

1 2 6  

1 2 7  

74 

98 

1 22 

1 4 1 

1 4 1  

1 4 1  

1 4 1 

14 1 

:j: P redicted . 

Act .  

2 1 6  

207  

1 9 1  

1 59 

142  

1 38 

1 34 

1 3 6 

302 

297  

2 83 

249 

247  

240 

238  

232  

Lipid 

Pred . 

208 

1 9 2  

1 75 

1 55 

1 34 

1 3 1  

1 28 

1 2 7  

325  

302 

2 8 1  

253  

2 52 

2 50 

244  

239  

protein in  gain 

Act .  

3 . 86 

2 . 69 

2 . 08 

1 . 36 

1 .  1 2  

1 . 1 0 

1 .  08 

1 . 09 

3 . 97 

3 . 00 

2 . 28 

1 .  7 5  

1 .  70  

1 .  6 3  

1 .  7 4  

1 .  7 3  

Pred . 

4 . 08 

2 . 74 

1 .  97  

1 .  4 5  

1 .  1 0  

1 .  00 

1 .  00 

1 .  00 

4 . 39 

3 . 08 

2 . 30 

1 .  79  

l .  79 

1 . 7 7 

1 .  7 3  

1 .  70  

t CAMPBELL , R . G . , TAVERNER, M. R .  and CURIC , D . M .  ( 1984 ) .  Effect of  

f eeding l evel and dietary protein content on  the  g rowth , body 

composition and rate of prote in deposition in p igs growing from 

4 5  to 9 0  Kg . Anima l Production 38: 2 3 3-240.  
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values (0) with actual response  (-) , ( Campbell et a l . , 1984 ) . 



App endix 1 . 1 The analys is of  variance of dry ma tter d igest ib i l i ty 

data pertaining to prel iminary study one ( S ect ion 

1 . 2 . 3 ) . 

The experiment included three dietary treatments and was con

duc t ed in two repl icates with s ix pigs per replicate .  

Treatment s and replica tes are regarded as  f ixed variables . 

Dige s t ib ilit�· 

Replicate  t 1 

0 . 82 7  
1 

0 . 835  

0 . 82 7  
2 

0 . 808 

/iliOVA Tabl e  

Source o f  var iation d .  f .  

Treatment 2 

Rep licate 1 

Treatment x repl icat e 2 

Error 6 

Total 1 1  

The overa l l  mean = 0 . 82 3  

values for di etary dry ma t t er 

t 2 t 3 

0 . 8 1 8  0 . 8 1 0  

0 . 835 0 . 838  

0 . 80 7  0 . 824 

0 . 824 0 . 8 1 9  

S ignificanc e 
t-1 . s .  F level 

0 . 0000 1 0  0 . 0 7 N s 

0 . 00025 1 l .  6 7  N s 

0 . 0000 36 0 . 24 N s 

0 . 000 1 50 

/0 . 000 150 
The s t andard error of the overall mean = = 0 . 0035  ------

v'o . ooo1so The pooled s t andard error of  the treatment means = ---------

= 0 . 006 1 .  

1 50 



Appendix  1 . 2  The analys is of variance of  urina ry urea excr et ion 

data pertaining to preliminary s tudy two ( S ect ion 

1 . 2 . 4 ) . 

The exper iment i ncluded two d ietary t rea tments ( 3  pigs per 

t r ea tment )  and involved the  measurement o f  urinary urea excret ion 

over two consecu t ive  two-day period s . 

Treatments and periods are regarded as f ixed variab l es . 

Treatment 

P ig 1 

P eriod 1 35 1 . 6 1 

Period 2 2 73 . 5 7 

ANOVA Table  

Source of  variat ion 

Treatment 

Main plot error 

Period 

Treatment x Period  

Sub-plot  e rror 

Total  

Urinary urea exc ret ion 

(mg / Kg 0 - 7 5 / d )  

1 

2 3 1 

42 1 . 99 2 7 1 . 04 3 78 . 2 5 

359 . 5 1  255 . 22 2 7 1 . 75 

d .  f .  M .  S .  F 

l 1 300 . 2 1 0 . 16 

4 8384 . 83 

1 1 1 3 1 7 . 86 22 . 25 
I 

1 259 . 9 4 0 . 5 1  

4 508 . 66 

1 1  

2 

2 3 

3 1 7 . 70 439 . 0 7 

259 . 70 39 1 . 38 

S igni f icance 
level 

N S 

* * 

N s 

The 1% c r i t ical  F valu e wit h  1 and 4 d egrees of f reedom is  

2 1 . 02 .  

1 5 1  



The s tandard errors of  the d i f f erences between means were 

calculated following Fed er er ( 19 5 5 ) . 

The difference between t he treatment means ( pool ed over per iods)  

is  ( 342 . 9 8 - 322 . 1 6 )  = 20 . 82 mg  urea / Kg 0 • 7 5 /d . 

The standard error of  this d i f f erence equals �2 ( 83�4 . 83)  

= 9 1 . 5 7 .  

The d i f f erence between the period means ( pool ed over treatments)  

is  363 . 28 - 30 1 . 86 = 6 1 . 42 mg  urea/Kg 0 " 7 5 / d .  

The standard error o f  this d i f f erence equa ls �2 ( 2 5; . 94 )  

= 16 . 1 2 .  

1 52 



---------- -----

Appendix I .  3 Calculat ion of  the level  of  ur inary urea n i trogen 

excretion o f  a 40 Kg l iveweight boar fed an imbalanced 

pat t ern of amino acids . 

A compu teris ed mod el s imul a t ing the d igest ion and metabol ism o f  

nit rogen in the growing  p ig ( refer Part I l l  o f  t hes i s )  was used to 

predict  the urinary urea nit rogen exc retion of  a boar of 40  Kg l iv e

weight f ed the basal d iet ( I . 2 . 2 . ii i ) . Predic t ion of  the urinary 

urea nit rogen excret ion derived f rom the deamination of  imbalanced 

basal dietary amino acids was made at two proposed ' ideal ' l evels  

1 5 3  

o f  i soleucine , namely that in the basal diet  ( 1 . 2 . 6 ) and that r ecommended 

by the Agricul tural Research Ccuncil ( 1 9 8 1 ) . The basal diet  suppl ied 

46 uni t s  of i soleuc ine per lOO uni t s  of  lysine whereas the Agr icul tural 

Research Council ( 1 9 8 1 )  recommended 54 unit s o f  isol eucine per l O O  

uni t s  of  lys in e .  The Agricul tural Research Council ' s  e s t imate  o f  

ideal amino a c i d  balance indicat es t hat i soleuc ine is  the  f ir s t  l imit

ing  essen t ia l  amino a c id in the  basal diet . In this  case compar ison 

was mad e  between the  following amino acid  ba lances . 

Amino .acid balance 

Amino acid  Basal d iet  ' Ideal ' ( l ) ' I d eal ' ( 2 )  

Lys ine  100 1 00 1 00 

Met h ionine + cyst ine 54 54 54 

Tryptophan 1 3  1 3  1 3  

H i s t idine 34 34 34 

Phenylalan ine + tyros ine 1 0 1  1 0 1  1 0 1  

Threonine 59 59 59 

Leu c in e  89 89 89 

I soleucine 46 46 54 

Valine 66 66 66 

Non-ess en tial component  693  693  693  



Compu t er input : 

Name of  d iet - Basal . 

Crude prot ein cont ent of d iet  

Apparent diges t ible  energy cont ent of d iet 

Digestib ility  of lys ine 

Daily  food intake 

Liveweight 

8 . 3% 

1 5  MJ / Kg d iet 

1 00% 

1 480 g 

40 . 0  Kg 

Amino acid composit ion of d iet ( % )  

Lysine 

Methionine + cyst ine 

Tryptophan 

Hist idine 

Phenylalanine + tyrosine 

Threonine 

Leucine 

I soleucine 

Val ine 

Computer output 

0 . 6589 

0 . 3585  

0 . 0827  

0 . 22 1 3  

0 . 6640 

0 . 3 8 75 

0 . 58 3 1  

0 . 3042 

0 . 4 354 

( a )  Comparison between the basal d i etary amino acid balance 

and ' id eal ' amino acid balance ( 1 ) .  

Ou tput : Urinary urea n it rogen excretion due 

to imbalanced dietary amino acids 

Nit rogen available for g rowt h and 

maintenance 

Body prot ein depo s i t ed 

0 mg/d 

= 1 8 . 7 7  g / d  

l OO g / d .  

1 54 



( b )  Comparison b etween the basal d ietary amino acid balance  

and  ' i deal ' amino acid balance ( 2 ) . 

Ou tput : 

I soleucine is the f irst  l imi t ing 

amino a ci d . 

Urinary urea nitrogen excret ion due 

to imbalanced dietary amino acids 

Nit rogen available  f or growth 

and maintenance 

Body pro t ein depos i t ed 

2590  mg /d 

1 6 . 1 8 g/d  

84 . 24 g/d . 

1 5 5  
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Appendix  I I .  1 The endogenous output of  ni trogen at the t e rminal 

i leum o f  the gro�ing pig. 

I leal endogenous output (mg N/Kg dry mat ter  intake) 

of growing pigs fed protein- f ree diet s .  

Taverne r (  19 79 ) t 1 Tavern er ( 19  79  ) t  2 Sauer e t  a Z ( 19 771:-)t 3 Experiment 
Meant " I I .2 2 .  iit 5 

1 2 10 1 8 10  1 3 1 4 

t 1 Diet  did  not con tain cellulose . 

1 4 4 5  

t 2 Diet  con tained 50 g cel lulos e/Kg air-dry weigh t .  

t 3 Diet  cont ained 50 g cellulose/Kg air-dry weight . 

1 422 

t " Mean value based on the es t imates of  Taverner ( 1 9 79 )  

and that  o f  Sauer e t  a l . , ( 1 9 7 7b) . 

t 5 Di et  con t ained 36 . 60 g cellulose/Kg air-dry weigh t . 



Appendix I I .  2 

Pig  1 

Pig  2 

Pig 3 

Mean 

The determined apparent d igestible_ energy con t en t s  

( MJ / Kg a ir-dry weight )  o f  two diets (Trial 11 . 2 . 4 )  

fed  to growing pigs ( 30 Kg l ivewe igh t ) . 

Diet Diet 

Barley-based Cas e in control  

1 3 . 2 2 Pig  4 1 4 . 84 

1 3 . 3 7  Pig 5 1 4 . 9 3 

1 3 . 0 7 Pig 6 1 4 . 88 

1 3 . 2 2  Mean 1 4 . 88 

1 5 7  
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Appendix II I . l Deriva tion o f  molecular weight convers ion factors (Mil. 

Molecular formulae derived from st ruct ural data (McDonald et a l . ,  1 9 7 3 ) . 

Lysine 

Threon ine 

Meth ionine + 
cys t ine 

Isoleucine 

Tryptophan 

Hist idine 

Phenylalanine + 
tyrosine 

Leucine 

Valine 

Glycine 

Alanine 

Serine 

Aspart ic acid 

Glutamic acid 

Arginine 

Proline 

= 

+ 

= 

+ 



159  

. Atomi c weight n i t rogen 
To tal molecular weight Total molecular weight 

Lys ine 1 4 6  0 . 1 9  M1 

Threonine 1 1 9 0 .  1 2  = M2 

Methionine + 

cys t ine 389 0 . 1 1  M3 

I soleuc ine 1 3 1  0 . 1 1  M4 

Tryptophan 2 04 0 .  1 4  M
S 

His tidine 1 1 5 0 . 2 7 M6 

Pheny lalan ine 
+ tyros ine 346 0 . 08 = M

7 

Leucine 1 3 1  0 .  1 1  M
S 

Val ine 1 1 7  0 . 1 2  M9 

Glycine 75 ) 
Alanine 89 ) 
Serine 105  ) 
Aspar t i c  acid  1 33 ) N .  E .  A .  A .  0 .  1 7  = M 10  
Glutami c acid 1 4  7 ) 
Arginine 1 74 ) 
P roline 1 1 5 ) 
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P I G  PROTE I N  
=========== 

TH I S  I S  A S I MULAT I ON MODEL DES I GNED 

BY P . J . MOUGHAN� MASSEY UN I VERS I TY , 4 / 1 1 /8 1 .  

THE MODEL S I MULATES PROTE I N  METABOL I SM 

W I TH I N  THE GROW I NG P I G  < 20 - 80 KG L I VEWE I GHT > 

AND I S  I NTENDED FOR THE ASSESSMENT OF 

D I ETARY PROTE I N  QUAL I TY 

D I ET AND AN I MAL CHARACTER I ST I CS 
================================ 

FOOD I NTAKE 1 280 G /P I G / DAY 

L I VEWE I GHT 40 I<G 

METABOL I C  LW . 1 5 . 9 1  KG 

ACTUAL D I ET I S  -

MA I ZE 40 i: 
BARLEY -c �.J i: 
MEAT&BONE 1 5  I. 
BLOOD 3 I. 
PEAS c I. .J 
OTHERS ., I. ..... 

AM I NO AC I D  ALPHA < GI N >  BETA EPS I LON I. I N  D I ET 
======== ========== - --- ======= ========= 

LYS I NE 1 .  5 1  1 00 1 00 . 82 
METH t-< CYST c •  37 �., . 5 1  • .Jb �'� 
TRYPTOPHAN .,� . �--' 1 5  9 . 1 7 
H I ST I D I NE 1 . 04 69 48 -c • ..).J 
PHEN & T YR . 97 64 43 1 . 1 7 
THREON I NE • 69 46 -2· / . 6  
LEUC I NE 1 .  7 1  1 1 3 5 1  1 . 48 

I SOLEUC INE . 54 36 27 c • .J 
VAL I NE 1 .  0 1  67 42 . 84 
N. E .  A .  A 1 8 . 32 1 2 1 0  620 1 1 . 4 1 



At1 I NO AC I D  I NTAKE-A < G >  
====:'::"=== ======== 

LYS I NE 1 0 . 53 
NETH & CYST 6 . 46 

TRYPTOPHAN 2 . 1 4  

H I ST I D I NE 4 . 52 

PHEN & TYR 1 5 . 0 1  

THREON I NE 7 . 7 1  

LEUC I NE 1 8 . 89 

I SOLEUC I NE 6 . 44 

VAL I NE 1 0 . 7 1  

N .  E .  A .  A 1 46 . 05 

CRUDE PROTE I N  

AVERAGE D I GEST . FACTOR 

D I GEST I BLE CRUDE PROTE I N  

TOTAL D I GEST I BLE ENERGY 

PROTE I N  FREE ENERG Y 

MODEL VAR I ABLES 

=============== 

AM I NO AC I D  EPS I LON 
-------- ------

LYSI NE 1 00 
METH & CYST -..., _).,_ 
TRYPTOPHAN 9 

H I ST I D I NE 48 

PHEN & TYR 43 

THREON I NE 37 

LEUC I NE 5 1  

f SOLEUC I NE 27 

VAL I NE 42 

N. E .  A .  A 620 

NO . 1 7  G. N /KG·'· . 75/DAY 

PR 1 1 5 G . PROTE I N/ DAY 

EN . 46 MJ . ME/KG·�-. 75/DAY 

ECP 53 KJ . NE /GRAM PROTE I N  

D I GEST I BLE-Z < G >  

============ 

7 . 97 

5 . 05 

1 . 67 

3 . 85 

1 2 . 1 2  

5 .  77 

1 5 . 52 

4 . 9 1  

8 . 45 

1 07 . 74 

1 7 . 85 'l. 
75 . 74 'l. 

1 73 G 

/.D I 

---

75 . 69 

78 . 1 9  

78 . 1 1  

85 . 03 

80. 72 

74 . 79 

82. 1 6  

76. 25 

7 8 . 89 

73 . 77 

1 6 . 95 NJ . DE / DAY 

1 2 . 87 HJ . DE / DAY 

ECL 53 KJ . ME /GRAM L I P I D  

LD : PD = 1 



3 OUTPUT 

===== 

AM I NO AC I D  1 IS L I M I T I NG 

VALUE OF OBJ . FN . = 1 . 5 1 

NE 1 1 . 3 1 PG 78. 58 

NO 2 . 7 PP 78. 58 

NP 0 E l  • 8 1  

N Z  ..,..., • .J..:.. E2 (I 
NU 1 4 . 33 EA 1 3 . 68 

NF 8 . 87 EG 6 . 36 

NA 1 5 . 28 ET 82 1 7  

L D  78 . 46 G . L I P I D /DAY 

PD 76 . 58 G . PROTE I N/DAY 

PD /CP = 33 . 52 7. 

AB BREI.' I A T I  ONS 

=========== 

BETA - ACTUAL D I ETARY AM I NO AC I D  BALANCE ( RELAT I VE TO L YS I NE @ 1 00 l 

CP - CRUDE PROTE I N  I NTAKE 

7.D I - PERCENTAGE D I SEST I B I L I TY OF EACH AM I NO AC I D  I N  THE D I ET 

E l  - ENERGY < MJ l  FROM DEAM I NA T I ON OF I MBALANCED AM I NO A C I D S  

E2 - ENERGY C MJ > FROH DEAM I NAT I ON OF AM I NO ACI DS SUPPL I ED OVER AND ABOVE THE 

B I OLOG I CALLY POTENT I AL PROTE I N  DEPOS I T I ON RATE 

EA - ENERGY ( MJ >  AVA I LABLE FOR GROWTH AND MA I NTENANCE 

ECL - ENERGY COST PER GRAM OF L I P I D  DEPOS I TED < KJ ME/GRAM l 

ECP - ENERGY COST PER GRAM OF PROTE I N  DEPOS I TED < KJ ME /GRAM l 

EG - ENERGY < MJ l  AVA I LABLE FOR GROWTH 

EM - ENERGY REQU I REMENT FOR MA I NTENANCE < MJME > 

ET - TOTAL ENERGY < KJ i AVA I LABLE FOR THE DEPOS I T I ON OF L I P I D  AND PROTE I N  

EPS I LON - I DEAL D I ETARY AM I NO AC I D  BALANCE ( RELAT I VE TO LYS I NE @ 1 00 > 

LD - L I P I D  DEPOS I T I ON RATE ( G /DAY ) 

NA - N I TROGEN AVA I LABLE FOR GROWTH AND MA I NTENANCE ( G . N / DAY ) 

NE - UR I NARY N I TROGEN LOSS DUE TO AA I MBALANCE < G . N / DAY > 

NF - FAECAL N I TROGEN FROM D I ETARY PROTE I N  + ENDOGENOUS PROTE I N  SOURCES ( G . N /DAY l 

NO - ENDOGENOUS URI NARY N I TROGEN LOSS ( G . N/DAY ) 

NP - N I TROGEN EXCRETED I N  UR I NE DUE TO D I ETARY SUPPLY OVER AND ABOVE P I G ' S  

GENET I C  AB I L I TY TO DEPOS I T  PROTE I N  < G .  N / DAY ) 

NU - TOTAL UR I NARY N I TROGEN EXCRET I ON < G . N / DAY l 

N Z  - N I TROGEN E X CRETED I N  UR I NE  DUE TO DEAM I NAT I ON OF D I ETARY PROTE I N  TO SUPPLY 

ENERGY FOR L I P I D  DEPOS I T I ON < G . N /DAY > 

PD - PROTE I N  DEPOS I T I ON  RATE ( G . PROTE I N /DAY > 

PG - D I ETARY PROTE I N  AVAI LABLE FOR DA I LY GROWTH ( G . PROTE I N/DAY > 
PP - AMOUNT OF PROTE I N  < G >  THAT CAN BE DEPOS I TED D A I L Y  DUE TO D I ETARY AND 

GENET I C  I NFLUENCES 

PR - THE MAX I MUM RATE OF PROTE I N  DEPOS I T I ON B I OLOG I CALLY POSS I BLE < G >  
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