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�\,JO experiments are described, in \•Ihich the 

effects of feedinc pies on a tryptophan deficient diet or 

supplemented diet 1·1ere investic;2ted. 

ii 

The feedinc patterns of 10 cross-bred pigs 

were me�sured by continuous recordings of feed-bin weights, 

in c.<.. do·uble rGversal desic;n experiment. The pit;s, f ed 

ad li"ui turn, ate c;_n �:·.vern;:;e of 9 "Qeals" per day ( ranee 5 -

16) with an avar2ce Qe2l size of 170 g. There was a dis

tinct diurn2l pattern of food intake; most �eals were 

eaten in the licht phase of the day \•Jith peaks in the e arly 

morninc; and e.t r:.iddc;; and a lars e peak mid afternoon. Pigs 

fed the deficient diet showed some depression in food int ake 

on the first day and the depression had reached maximal 

levels by the third day. On the deficient diet pigs ate 

17 - 20� less than on the supplemen ted diet and most of the 

depression in intake was accounted for by reduced meal size. 

In the second exp eriment 4 pie s were trained 

to eat their daily ration in a 2 h period (0900 - 1100 h) 

and catheters were placed in the jugular vein�. A double 

reversal e xp er imental design was enployed, with 3 periods 

of 5 days, and blood sample s were t aken over the feeding 

time on the second and fifth day in each period. The levels 

of plasma Glucose, Urea, Amino acids, Cortisol, Insulin, and 

Growth Hornone 0ere measured. There were no significant 

differences between diets in levels of Growth Hormone or 

Cortisol. On day 2 ,  Urea levels were higher in pigs fed 

the supplemented diet, while on day 5 there \vere no signifi

cant difference� between diets. The lowered food intake 
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on the deficient diet meant that both protein quality and 

protein intake vJere altered , vJhich may ex:plain t he differ

ences in Urea levels. 

The most c ons istent differences in plasma 

Amino ac ids levels o c curred with tryptophan , the limiting 

amino acid , for v1hich the levels were lower in pigs fed t he 

deficient diet, although the differences were not st atist ic

ally s ignif icant. Glucose r o se higher in pigs fed the 

def ic ient diet and the differences could not be attributed 

t o  an altered Insulin response t o  feeding the def ic ient 

diet . 

It was c oncluded that the early changes in 

glu c o se and trypt ophan may be as s o c iated with the food 

int ake depress ion on the def ic ient diet , but further studies 

would be required before the relat ive import ance of either 

relat io nship c ould be establi shed. 
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PREFJ�CE 

The relationships between gro wth and the 

quantity and quality of dietary protein have been exten

sively studied and a depression of gro\�h on diets of poor 

protein quality is well documented. However, the relation

ships between food intake depression and protein quality 

are not well understood and much of the work has b een 

carried out with a single species, the laboratory rat. In 

studies at the Pie; Hesearch Centre, l'lassey University, 

comparinG the nutritional quality o f  opaque-2 and normal 

maize varieties, Stables and Carr ( in press) observed 

increased feed refusals on some diets, which they attribut ed 

t o  amino acid imbalance. 

With the demonstration of food intake depres

sion on diets based on maize grain and a commercial pro t e in 

source, it becane of interest to study the relationship 

b etwe en protein quality and food int ake in pigs . Exr.e r i

ments were desicned to study: 

( i) the depression of food intake on a diet of low 

protein quality, 

( i i ) the pat t ern of int ake in ad libitum fed pigs including 

any change s  in the pattern relat ed t o  prot ein quality, 

( i ii) the effects of the diet on the responses of some 

metabolites and hormones re lat ed t o  prot e in and 

carbohydrat e met abolism, to throw some light on the 

underlying causes of the depre ssion in int akeft 
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CHAPTER ONE 

REVIEW OF LITERATURE: 

In their review , F inger and Mock (1971) wrote ; 

"The literature on food and wc.ter intake cont inues t o  gain 

weight rap idly " , and in 1976 there are st ill no signs of 

any reduct ion in growth rate. The present revie\v deals 

with limit ed areas of the control of food intake , wit h  

spec ial reference t o  the relat ionship between food intake 

and protein qual ity . It is intended to  provide a background 

t o  the research outlined in later chapters and not as a 

general discuss ion . 

The review 1s divided int o  three sections .  

The first deals with enercy bc.lance and the control o f  food 

intake . Emphasis is placed on mechanisms c ap able of sensing 

the st ate of energy balance. The second sect ion deals with 

the relat ionship bet ween food int ake and the amino acid  

composit ions of diets and the final section introduces the 

present study and out lines the ob j ect ives of  the experi

ments undertaken . 
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2 

3NERGY BALANCE AND THE CONTROL OF FOOD INTAKE: 

For the maintenance of life animals require  a 

cont inuous flow of energy , which must b e  met from the 

ext ernal environment or stores of energy within the body . 

Small errors in energy balanc e may lead t o  large changes in 

energy st ores over long t ime periods (Hervey , 1969) and the 

c ontrol of food int ake represents an import ant mechanism 

for balanc ing energy expenditure and energy intake . 

Re c ent reviews on the sub j e c t  include those 

of Spste in (1971) , F inger and Mook (1971) , Grossman (1975) , 

Hoebel (1971) , Le Magnen (1971) , Liebelt, Bordelon and 

Liebelt (1973) , Morcane and Jacobs (1969) , Panksepp (1974) , 

and T e it elbaum (1971) . In addit ion, many asp e c ts are covered 

in the Handbook of Physiology volume on Cont rol of Fcod and 

Wat er  Int ake (1967) and the New York Academy of Sc ie�ce 

symposium ent itled Regulation of Food and Water  Intake (1969) . 

1.1.1 Drain St ructures and Food Int ake Control : 

From early clinical observat ions and work 

with experimentally induc ed brain lesions , the hypothesis 

was developed that food intake is controlled by two areas 

in the hypothalamus ; one area in the lat e ral hypothalamus 

desic;nated the " fe eding centre " and a second area in the 

ventromedial hypothalamus designat ed the " sat iety centre " . 

The most elaborat e ver s ion of the hypothesis was discussed 

by Stellar (1954) when he proposed a general model for t he 

c ontrol of several oot ivat ed b ehaviours including food 

int ake . He proposed that feeding behaviour was c ontrolled 

by act ivity in the " fe eding centre " while the " sat iety 

centre " influenc ed b ehaviour by direct inh ib it ion of act ivity 
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in the "feedin:::.; cer.tre". 

'rhe hypothesis gained wide ac ceptance a.nd 

much subsequent work has lent support to it. However, over 

recent years, evidence has accumulated that the hypothesis 

is not adequat e . Panksepp ('1974) has reviewed the litera

ture and proposed a new model, \.vhere the lateral hypothalamus , 

in association vJith other brain areas mediates "short term 

sat iety'', while ventronedial hypothalamic act ivity reflects 

depletion and repletion of body nutrient stores. 

The revised hypothesis still represents a 

simplification. In an excellent review, Morgane and Jac obs 

('1969) discussed the conplex interrelationships between brain 

areas and the control of feeding behaviour. Teitelbaum 

( '197'1) discussed parallels betv;een the recovery of animals 

with bilateral lesions in the lateral hypothalamus and 

the development of food intake control. He suggested that 

t he hypo thalamic " centres" , if in fact they exist , usually 

act as an integral part of an "highly encephal ised system " . 

Grossman ( '1975) } revievJing evidence for the role of extra

hY',tlOthalamic stl"'uctures in the contro l of food intake , 

concluded that neural pathways passing through the hypo

t halamus may have more significance for the contro l of food 

int ake than had previously been accepted . 

Thus it appears that the central mechanisms 

invo lved in the integrat ion of feeding behaviour are not 

wel l  understood  and future exp lanat ions must t ake account 

of extra-hypothalamic structures and the ro le of non

spec ific arousal systems . 
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The second maj o r  are a  of re search conc erns 

the afferent l imb of the food intake contro lling mechanism . 

What areas of energy metabo lism , inc luding energy store s, 

signal the stat e  of energy balance? 

Several mechanisms have been po stulated to 

expla in the c ontrol of food int ake, including shifts  in body 

wat er b etween  body comp artment s, the pre sence of food in 

the digest ive tract , the availab i l ity and metab o l i sm of 

glucose  at various sit es  in the body, the spe c if i c  dynamic 

act ion of inge sted food , and unsp e c if ied metab o l it e s  or 

signal s  from adipose t i s sue ( Brobeck , 1 955) . An addit ional 

mechanism invo lving b lood amino ac id level s  has also  b e e n  

po stulat ed ( Harper, Benevenga and Wohlhuet e r, 1 970 ; R ogers 

and Leung , 1 973 ) . 

1.1 . 2  ( i) Energy Store s and Food Intake : 

The major  energy sto re within the body is  

adip o s e  t i s sue and in adult animals  body weight , and by 

inferenc e ,  energy stored in adipose  t issue , remains remark

ably c onstant over long periodsof t ime . On the other hand 

food intake o c curs in discre t e  "meal s "  ( Duncan , Horne, 

Hughes and Wood-Gush , 1 970 ; H irsch, 1 973 ; Kanare k, 1 975 ; 

Le I•'1agnen, 1 969 ; Wiepkema , 1 968) and energy exp e nditure 

can f luctuate over short t ime  periods . 

Several authors have addressed the question 

of the time relationship between energy expenditure and 

energy intake . Durnin ( 1 961 ) summarised and extended 

observations on the relationship between expenditure and 

intake in humans . The daily r e lat ionship was very poor, 



but 59 per cent of subjects achieved energy balance when 

whole-week data was considered. The lack of a daily 

relationship could not be explained by a delay of one or 

5 

two days in balancinc past energy expenditure. Mayer (1955), 

summarising early "'JOrk of Gasnier and A. [.layer on rabbits, 

concluded that snort ter:n and long term components of energ;y 

�alance regulation can be distinguished. 

Direct evidence for an effect of adipose 

tissue stores comes from experiments where fat stores were 

manipulated experimentally. Electrolytic lesions placed in 

the ventrooedial hypothalarnus caused rats to eat large 

amounts of food and rapidly become obese (Kennedy, 1 953 ) . 

The hyperphacia was not maintained indefinitely. Instead, 

as obesity developed food intake declined and a stable body 

weicht was achieved. 2urther�ore, animals would again become 

hyperphacic and rapidly gain weight if body weight had been 

reduced by dietary restriction. Powley and Keesey (197� 

noted tnat rats with lesions in the lateral hypothalamus 

appear to regulate body wei�ht at a lower level than control 

animals. 

Other dietary manipulations suggest that 

animals defend a c;iven level of body weight. Elevation of 

body weight by force feeding (Cohn and Joseph, 1962) resulted 

in a depression of food intake and a return to normal body 

weight at the end of the forced-feeding period. Injections 

of insulin caused a significant increase in food intake in 

the rat (�ayer and Bates, 1952). The resultant increased 

body weisht was again lost when insulin injections were 

discontinued (Hoebel and Teitelbaum, 1 966 ) . 

The ability of animals to defend some 11set" 
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body weight led Kennedy (1953) t o  p o stulate a " lipostat i c "  

hypothesis for the control of food intake . However , no 

mechanism capable of detect ing the level of adip o se t issue 

in the body has been clearly ident ified . Hervey (1959) 

postulated a humoral factor influenc ing food intake , after 

experiment s involving ventromedial lesions in parabiot ic 

rat s . Further work led t o  the hypothesis  that a steroid 

or s imilar fe-lt soluble " tracer"  c ould monitor fat st ores , 

provided certain condit ions were met ( Hervey , 1969). 

Van Itallie and Hashim (1960) sug�ested that 

plasma non-esterified fatty ac ids oay play a role in sisnal

lint; hunser and sat iety . \Jalker and 2emley ( 1970) concluded 

the.t al thout.;h there was an intere.ct ion between fat content , 

enerzy expenditure , and food deprivat ion in determining 

c ircftlat inc free fatty acid levels , the levels may have been 

important in controllinG food intake . However , Hales and 

Kennedy (1964) po int ed out that circulat inG free fatty ac id 

levels increase in both obes ity and starvation and Booth and 

Carnpbell (1S75) shmved that an infus ion of a palmit ic ac id

albumin complex had no effect on sub sequent fo od intake . 

Thus evidence for a role of adipo se t issue in 

the control of food int ake is largely c ircumst ant ial and 

several conflict inc report s are present in the literature . 

Ingle (1949) described a method of induc ing obesity in 

normal rats , by s imply restrict in� exerc ise and allo wing 

free access t o  a palat able diet . Free access t o  a high fat 

diet reliably produced obesity in rat s with no knowri genet i c  

tendency towards obes ity ( Mickelsen , Takahashi and Craig , 

1955). Corb it and Stellar (1964) showed that the weight s 

of c ontrol animals could be manipulated by f e eding diet s 
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of differing palatebility . 

Liebelt and c olleagues  ( reviewed by Liebe lt , 

et  al . 1973) have conducted a comprehens ive inve st igat ion 

of adipose  t issue net abolism in mice . They provided evid

ence that adipose t issu e  funct ions as an integrat ed organ 

and several line s of invest i�at ion sugge st a relat ionship 

b e tween adipo se  t issue and fo od intake cont ro l . However , 

no s ingle experiment const itut e s  strong evidenc e . Two 

studie s us ing parabiot ic rat s and measuring food intake 

directly , for the individual animals (Flaming , 1969; Han , 

Mu and Lepkovsky , 1963) do not support the conclu sions of 

H ervey (1959). 

Despite cons iderable circumst ant ial evidence ,  

and a strong pre sumpt ion in the literature of an act ive 

cont rol of body we isht and/o r  adipose t issue store s , there 

is  very little direct evidence for any long t erm regulat ory 

me chani so . The two other p o stulat ed mechanisms concerned 

with the stat e  of ener�y balance and food int ake ( the 

" t hermo stat ic "  theory and the " glucostatic " theory) involve 

variable s that alt er over short periods of t im e . It will 

be of int erest to  det ermine whether alt erat ions in meta

b olism and short t erm control of food intake are suffic ient 

to maint ain the lone t erm stability of body we ight in 

adult anioals . 

1.1.2 ( i i) Food Int ake a s  a Me chanism of T emperature 

Regulat ion : 

In homeotherms there is a negat ive re lat ion

ship b etween environment al t empe rature and food int ake 

(H amilt on , 1967). As air tenperature incre as e s  food int ake 
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declines and in several s pe c ie s  ceases altogether at rectal 

t e mper at ure s of about 40°C ( Bro be c k, 1960; Hamilton, 1967). 

Obse rvat ions on t he re l at ionsh ip betwe en temperature and 

food int ake l e d  Br6bec k (1948) to propose that food intake 

is cont ro l l e d  as a nec hanisr:J. o f  bo dy temperature regulation, 

11 • • •  animals eat to keep warm and stop e atinc to pre vent 

h ypert herm ia.11 

Addit ional s upport for t he hypothesis comes 

fro m  experime nts invo lv int; diets of differing compositions, 

fed over a r anr.;e of envi:conmantal temperatures and experi

ment s invo lvin g  l o c al man ipulat ions of temperature iL the 

h ypot halamus. Hamilton (1967) r e v ie wed the effects of 

changinG die t ar y  c o mpo s it ion on food intake and concluded 

t hat alt ho ugh fe edin c;  d iet s wit h  a low 11spec ific dynamic 

e ffe c t11 (S.D.E.) re s ult ed in hich e r  food intakes, the data 

wer e  c o nfo unded b y  ch ange s  in palatab il ity . Furthermore, 

at low e nvironment al t e mperat ure s, the increased metabolic 

rat e pro bab l y  ob s c ure s any d iffe renc e s  in S .D.E. between 

diets. 

Hamilton ( 1967) also reviewed evidence for 

effects of d ir ect heatin6 and coo ling in the hypothalamus, 

or hypothalamic lesions on food intake. Several l ines of 

inv e st igat ion suc0est that the anterior hypothalamus and 

preoptic area may b e  important in the relationship between 

temperature and food intake , but Grossman (1968) concluded 

that the feeding sy stem is not primarily affect ed by brain 

temperature changes. On the present evidence it appears 

unlikely that the primary control of food intake is achieved 

through mechanisms related to body temperature. 
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1 . 1. 2 ( iii) Car boh ydr at e Me t abo l ism and Foo d  Int a ke : 

C a rboh y drat e met abo l ism o c c upie s a c entral 

r o l e  in ene r gy met a bo l ism; the c entral ne rvo us s ys t e m  

r e q uire s  a const ant s uppl y o f  gl uc o s e  a n d  s t o r e s  o f  c arb o 

h ydr at e s  are r e l at iv e l y  s mall . Ba yer ( s e e  l''layer 1 95 3  and 

1 95 5 ) pro po s e d  a "gl uc o s t at ic "  me chanism for the c o nt -:-o l  o f  

fo o d  int ake , which po st ul at e s  the exis t e nc e  o f  gl ucore c e pt o rs 

s ens it ive t o  blo o d  cl uc o s e  " • • . • in t h e  me a s ur e  that the y 

c an ut il is e it ." The r e c e pt or s ,  po s s ibl y in the h y pothal

am us and also in t he per ipher y ,  wo ul d prov ide informat io n  

o n  the rat e o f  gl uc o s e  met a bo l ism t o  c entral struct ure s 

c ontr o l l ing fo o d  int ake .  

Haye r and h is c o ll e ague s ( Ma yer and Bat e s ,  

1 95 2 ; Ma yer, 1 95 3 ; Ma yer, 1 955 ) have pre s e nt e d  and dis

c us se d  evidenc e for change s  in fo o d  int a ke ,  under c o n dit ion s  

o f  alt ere d  gl uc o s e  ut il isat ion.  Condit io ns l e ading t o  

incr e a s e d Gl uc o s e  avail abil it y depre s se d  fo o d  int a ke ,  whil e  

de c r e as e s  in blo o d  gl uc o s e  within ph y s io lo gic al l im it s  c aus e d  

inc r e as e s  in foo d  int ake ,  altho ugh t h e  change s  were small . 

r''lo re dramatic change s in fo o d  int a ke were not ed in h y po phy 

s e c t om is e d, diabet ic rat s unab le t o  r e gula te b lo o d  gl ucos e .  

De creas e d  l iver gl yco ge n  and inc reas e d  c arbo hy drat e m e ta

bo l is m  s e e n  in c o l d-ac c l imat is e d  animal s ( Ba ker and Se lle r s ,  

1 95 3 , a bs t ract only ) is int e r pre t e d  as evidence that h igh 

foo d  int ake s  in alt e r e d  phys io l o gic al stat e s  ma y b e  t he 

re s ult o f  alt e r ed c arbohydrat e me t ab o l is m. 

Cle ar l y, if gl ucore c e pt o r s  e x is t  the y ffiust b e  

s en s it ive t o  intrac e l l ular gl uc o s e  ut il isat ion, rather t han 

l eve l s  o f  b l o o d  gl uco s e .  Pat ient s with diabe t e s  me l l it us 

show increas e d  fo o d  int a ke de s pit e e l e vat e d  l eve l s  o f  b lo o d 
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glucose. Studies in humans indicate that food intake and 

sensations of "hunt;er" are closely associated with arterio

venous differences in blood 5lucose, if the effect of admin

istered substances on blood flow is taken into account. 

Evidence relating blood Blucose and food 

intake can only be considered suggestive. No reduction in 

food intake following intraperitoneal or intravenous infus

ions of Glucose was observed in either the rat (Janowitz 

and Grossman, 1948), dog (Bellinger, Trietley, and Bernardis, 

'1976; Janowitz, Hanson and Grossman, 1949), piB (Stephens 

and Baldwin, '1974), or rabbit (Vanderweele, Novin, Rezek 

and Sanderson, '1974). 

In another approach to the problem, Schupf, 

quartermain and Van Itallie (1976) studied food intake in 

rats fed triundecanoin. Feeding triundecanoin (a fatty 

acid with a carbon skeleton of '11 carbon atoms) as the 

major fat source resulted in considerable enrichment of 

rat fat depots with fatty acids containing odd numbered 

carbon skeletons. The propionate residue resulting from 

�-oxidation of odd numbered fatty acids can be used for 

gluconeogenesis and animals fed triundecanoin can maintain 

high levels of �lood glucose (Anderson and Boggs, '1975) and 

liver glycogen (Van Itallie and Khachadurian, '1969) during 

fasting. Schupf et al. ('1976) reported that fasted rats 

previously fed triundecanoin were just as motivated to eat 

as were control aniQals, but required less food before 

terminating feeding behaviour. 

More direct evidence for a role of glucose 

metabolism in food intake control has been provided from ex

periments utilising glucose antimetabolites, such as 2-deoxy

D-glucose (2.D.G.), 3 0-methyl glucose, and phlorizin. 
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R ez e k  and Kro e ge r  ( 1 976) rec e nt ly reviewed the l i t e rature 

on c e l lular cluc oprivat ion and f o od intake . In a l l  sp e c ie s  

s o  far studi e d , except p e rhep s the c at , int ravenous i nfu s

ions o f  2 . D . G . c aused � large and s u s t a ined inc r e a s e  in food 

int ake . Howeve r , an overdo s e  o f  2 . D . G . can l e ad t o  drow

sine s s , stupor , and at axi� wh i ch will prevent the inc r e a s e . 

Int en s e  debat e  o f  the " Gluc o s t at i c "  t h e ory 

has c e nt e r e d  around the s it e  of t h e  prop osed slu c o r e c ept ors . 

1'-T c:.y e r  ( 1 95 3 , 1 95 5 ) p o stulated t h at the hyp o thalamus may b e  

t h e  s i t e  of c ent r a l  Glu c o s e  re c eptors and chang e s  i n  e l e c 

t r i c al act ivity in t h e  hypotha lamu s appe ar t o  b e  c lo s e ly 

related t o  the art erio-venous d ifferenc e s  in b lo o d  gluc o s e  

leve l s  ( Anand , 1 967 ) . If central 5lucorec ept o r s  a r e  impor

t ant in cont ro ll in� food int ak e , it has been argue d  t hat 

they mu st be r e spons ive to in sul i n  ( unl ike other n eural 

t is su e ) . A s e r i e s  of s tudie s ,  on the susc ept ab i l ity of 

mice t o  in j e ct ions of cold t h io g lu c o s e  ( G . T . G . ) ,  b y  Debons 

and c o l l e �gu e s  ( Debons , Krirn sky , Likuski , F rom and C l out ier , 

1 968 ; Debons , Krimsky , F rom and C lout ier , 1 969 ; Debons , 

Krimsky and F roo , 1 970) sugc e s t  that clucor e c ep t o r s  may be 

pre s e nt in t h e  ventromedial hyp o thalamu s and that the g luco

r e c ept o r s  may b e  s e n s it ive to insulin . Howeve r , t he unique 

role o f  G . T . G . , in produc inG v e ntromedial l e s ions i n  mic e , 

has b e e n  que s t ioned by Rutman , Lewis and B lo omer ( 1 966) . 

The role of p e r ipheral glucore c e p t o r s  has 

been reviewed by Rus sek ( 1 971 ) . He  c oncluded that glu c o 

receptors in t h e  l iver may b e  a n  i mp ort ant c ompo ne nt o f  the 

gluc o r e c e p t o r  sys t em . In p art icular , stud i e s  of N i i j ima 

( 1 969) on the d i s charge from t he hepat ic b ranch of the vagu s , 

f o llowi ng glu c o s e  p e rfus ion o f  t he i s o lat e d  guine a p ig l iver , 
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p rovide strong e v i dence for the exist enc e of hepat ic 

gluc orec ept o r s . r·:jo re rec ent ly , however , B e l l inger et a l . 

( 1 976) o bs erve d no de cre ase in f o o d intake f o l l owing intra

p ort al inj e ct ions of g l ucose in dogs an d app arent t o t a l  

den ervat ion of the l iver wa s without effect o n  su bs e quent 

£ o o d  intake . Evidence from g luc o s e  ant imet a bo l it e  stu di e s  

summar is e d  by R e z e k  an d Kro eger ( 1 976) suggest s t hat bot h  

p er ipheral and c entral gluc o re c ept o r s  may be pre sent an d 

e ac h  can exert dominant eff e c t s  on f o o d  int a ke , depending 

on experiment a l  c on dit ions . Epst e in an d T e it e l baum ( 1 967) 

s t u die d rat s wit h  l e s ions in the l at e ral hypo th alamus and 

p r e sent e d  e v idenc e f or a sp e c if ic l o s s  of the ab il ity t o  

r e spond t o  gluc op r iv at ion , de spit e  apparent r e gulat io n  o f  

f o o d intake ( althouch see Stric ker , 1 976) . 

There f ore , cons ide ra bl e  e videnc e exist E f or a 

r o l e  of c ar bohy dr at e  metabo l ism in the contro l of f o c d 

int ake . N e vert h e le s s , there are m any conf l ict ing rep o r t s 

an d under s ome c ircumstanc e s  f o o d  int a ke appears t o  fun ct ion 

a de quat e ly in the ab sence of any " gluc o s t at ic" c o ntro l .  

1 . 1 . 2 ( iv) Summ ary :  

F' oo d int ake is inf lu e nce d b y  many fact c r s  and 

no s ingl e  p o stulat e d  me chan ism pro v ides an a de qu at e  expl an

at ion for t he contro l of f o o d  i nt a ke . Many report s of co n

f l ict ing e vidence have been ment io ne d. R at he r  than 

challe nging the v al idity of pu bl i s he d l it erature , t he y  

po int more to t h e  c omplexit y  o f  t he mechanisms involve d .  

The p o s s i ble r o l e  o f  ant ic ip at or y  r e f lexe s i n  inf luencing 

re s pirat ory quot ient and blo o d  glu co se furt he r  co nfuse s  t he 

i s sue ( I�Iorgane and Jac obs , 1 969) . Furthermore , c arbohydrat e 
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met ab o l ism , fat met abol ism, an d b o dy t empe r ature are them-

s e lv e s  sub j ect t o  fe e db ack c ontrol at many l e v el s  and all 

are int e rrelat e d. Stevenson ( 1 969) demons t r at ed a very 

high c orre lation betwe e n  b l o o d  gluc o s e  leve l s  an d re c t al 

temp e r atur e s  in r at s  fo l lo wing exercise  an d/ o r  insulin 

treatment . In his revi e w ,  Ke nne dy ( 1 966) wro t e  ''The met a

b o l ism o f  gluc o s e  an d l ip i ds i s  so int erre l at e d  that e it her 

one m ay de cre ase the oxidat ion of the othe r , even in the 

short t e rm • . • • •  Not o nly woul d  it b e  di fficult t o  imagine 

a fe edb ac k  to the hyp o t h al amu s o f  info rmat io n  about one that 

is n o t  affe ct e d  by the other, but this app l i e s  in the s hort 

int erval s  b et we e n  me a l s  as we l l  as to long e r  int e rval s �' 
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1 . 2 D IE'I'ARY AI'HNO AC ID BALA NCE AND FOOD n�TAKE : 

Change s in the p roport ion of balanced pro t ein 

in a diet , or alt e r e d  am ino acid b alance , result in changes 

in food int a ke an d ;:;rovJth wh ich range from m ild t e mp o ry 

effe c t s t o  severe an d pers ist e nt dist urbanc e s  cul m inat ing 

in death . The e f fect s of alt er e d  proport ions of diet ary 

am ino ac i ds inc ludinG iQbalanc e s , toxic it ie s , ant ae:o�isms , 

and defic ie nc i e s  have b e en ext e n s iv e ly reviewe d ( Harper 

et al . , 1 970 ) • 

I n  the ir revie w , the authors discus sed ope r

at ional de finit ions for alt ered am ino ac id b a lanc e .  An 

imb ala nc e  o c c ur s  when amino ac ids , other the.n the gro wt h 

l imit ing amino ac id, are added to a low pro t e in diet . 

A ddit ion o f  one amino ac id , e sp e c ially the one second mo st 

lim it ing f o r  cro wth , c an c a us e  an imb alanc e ,  b ut the mo st 

c ons i s t ent eff e c t s  he.ve be en obt a ined from the addit ion of 

a mixture of e s s e nt ial amino a c id s  lackint; the growth 

limit inG amino ac id .  An amino ac id de fic ient diet cont ains 

a lo\·ler level of tile grot,vth l i mit ine: amino ac id. 

Harpe:-: et 21· ( 1 970) made a clear dist inct ion 

b et �:�e e n  def ic ient and imb alanc ed diet s .  " Inve st igat :?..ons of  

defic ie nc ie s  a r e  conc erned wit h  re sponse s  of  animals or  

sub j ects  t o  a n  ina de quat e  amount of  an amino ac id . Invest i

gat i ons of imb alanc es are concerned with the eff e c t s  of sur

pluses of ind isp ensable amino ac ids other than the  one that 

is  limit ing for gro1vth or maintenance . " The dist inct ion i s  

import ant in interpret ing experi�ental re sult s , but a c on

s iderat ion of the def init ions reveals an important po int . 

The dist inction does not relate t o  the experimental diet 

( which may be ident ical in both c ases ) ,  but to  the cont rol 
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diet used for compari s on and e sp e c i a lly t o  the re lative 

l e vels  of amino ac ids in diets  fed prior to the experimental 

period . 

1 .  2 . 1  ADino Acid Balance , F o od Intake and Gro�� h :  

R at s  f e d  amino a c id defic ient or imbalanc ed 

diets  have shown a depre ss ion in food intake and growth 

( Harper e t  &1 . ,  1 970 ; 3anahu j a , R io and Lede , 1 965 ) . After 

a f ew days anima l s  adap t ed t o  the imbalanc e d  diet  and b e gan 

t o  increase  food intake and c;rovJth ( Harper et al . , 1 970 ; 

Leung and Rogers , 1 970) . It  i s  not clear whether food 

intake s ret urn t o  the leve l of int ake s of animal s f e d  the 

" basal " diet , or st :::.b ilise at some other valu e . Leung , 

Rogers and Harp e r ( 1 968a) demonstrated that food int ake s and 

growth re.t e s  approE.ched leve ls s e e n  on the "basal " diet , 

but in the exp eriment , there was no difference in the food 

int ake s o f  aninal s  fed e ither the  " basal" or " correc t e d "  

diet , de sp it e  diff erence s i n  growt h  rates . T he food int ake s 

of  rat s f e d  an i s o leuc ine imbalanc ed  diet returned to t h e  

l evels of food intake of  animals f e d  t h e  " basal " diet , 

although the pat t ern of meals was not the s am e  ( R og e r s and 

Leung , 1 973 ) . St able food int ake s for animals on the 

" corre cted"  diet were not report ed . 

T he severity of the depre ss ion in food int ake 

and gro\vth dep e nds  on the prot ein cont ent of the diet , the 

type of diet ary c arbohydrate and the environmental c onditions 

of the experiment (H arper et  al . , 1 970 ) . I nitial ob s er

vat ions on amino acid imbalanc e s  were comp licat ed by vita

min def ic ienc i e s  and the food intake depre s sion was c on s id

ered a s e condary phenomenon . Nore detailed studie s  empha

s ised the  rapid onset of lowered f ood intake and sugg e sted  

' ' 
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that the depre s s ion in food intake may b e  an e arly response 

t o  the irnbalanc ed diet . When the food int ake s  of rat s fed  

an  imbalanced diet wer e  increased by forc e-feeding ( Leung , 

R ogers and Harp e r , 1 968a) , insul in inj e ct ion ( Kumta and 

H arper , 1 961 ) or cold expo sure ( Harper and Rogers , 1 966) 

the animals gained vJe ir;ht as  fast as control s  and appeared 

healthy . Harper et a l . ( 1 970) conc luded that the basic 

effect of the imbalanc e w a s  on food int ake regulat ion . 

When offered a cho ice b etween two or more 

diet s under normal condit ions , rat s reliably s e le c t  against 

diet s with imbalanc ed amino ac id patterns (Harpe r  et  al . ,  - -

1 970 ) . G iven a cho ic e  rat s ate a prot e in free diet which 

would not support srowth rather than an imbalanced diet 

which would allow a mode st �rowt h  rat e . R ob inson ( 1 975 ) 

studied the food pre f erenc e s  of p igs offered a cho ice  

b etwee n  an imbalanc ed  diet and a prot e in free diet . The 

p igs re sponded in a s im ilar manner t o  rat s , re j e ct ing the 

imbalanced diet in f avour of the prot e in free diet . The 

re sponse of rat s offered a cho ice of diet s has b e e n  alt ered 

by prior fe eding of a high prot e in diet or inj ections of  

cort is o l , but in  the  case  of  cold exp osure , which increased  

the  int ake of  an  imba lanced diet , rat s still  cho se  the 

prot e in fre e diet and l o st we ight (Harper et al . , 1 970) . 

1 . 2 . 2  Plasma Amino Acid Patterns and Food Int ake 

Contro l :  

Amino ac id imbalances  and def ic iencies  c au s e  

a cons ist ent alt erat ion i n  plasma amino ac id p at te rn in 

rat s  ( Harper et al . , 1 970 ; Rogers , 1 976) . The concent ra

t io n  of the l imit ing amino ac id falls to  low leve ls  whi l e  
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the conc entrat ions of the other essential amino ac ids r i se . 

S imilar alt erat ions in plasma amino ac id patt e rns have b een 

report ed in p igs fed amino ac id imbalanced die t s  ( Robinson , 

1 975 ) .  Harper et a l . ( 1 970 ) c oncluded that the alt erat ion 

in plasma amino ac id pattern c o incide s clo s ely and po s s ib ly 

precede s the depre s s ion in food int ake . The p o s s ible involve

ment of the altered plasma amino ac id patt ern in the food 

int ake resp onse led Leung and Rogers ( 1 969) to  a more d irect 

study of the prob lem . In an import ant experiment , they 

c omp ared the effect  of the s it e  of infusion of the limit ing 

amino ac id in rat s fed threonine and isoleucine imbalanced 

die t s . A small aoount of t he limit ing amino a c id infus e d  

into the carot id art ery prevent ed the food int ake depre s sion 

ob served in animals infused with saline . Infusion of the 

l imit ing amino acid int o the jugular ve in did not prevent 

the food int ake depre s s ion . The re sult s were int erpret e d  

as evidenc e that the plasma leve l  of t h e  l imit ing amino acid 

was capab le of influenc inG a central food int ake regulat ory 

oechanis!71 . Howe ver , animal s  with cannulae in the caro t id 

art ery c ons ist ently at e 10 - 20 percent less  than animals 

with jugular ve in cannulae . I t  was sugge sted that the 

d ifference in food intake may have been  due to a re strict ion 

in the b lood supp ly to the brain , but the p o s s ib il ity that 

the infused  amino ac id may have inflv.enced brain b lood supply 

was not discussed and infus ions o f  other amino ac ids were 

not att empt ed . 

When rat s with l e s ions in the ventromedial 

hypothalamus were fed diet s with imbalanced amino acid 

p att erns ( Krauss  and l'ilayer , 1 965 ; Leung and R ogers , 1 970 ; 

Nasset , R idley and Schenk , 1 967 ; Scharrer , Baile  and Mayer , 
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1970) they did not decrease their food int ake s o n  mildly 

imbalanc ed diet s , but more severe ly imbalanced diet s c aused 

a reduct ion in food int ake . Animals with l e s ions in the 

lat eral hypothalamus also reduced their food int ake s in 

response to  amino acid imbalance ( Scharrer et al . , 1 970) , 

suggest ing; that the " central food int ake regulatory mech

ani sm"  s en s it ive to plasma amino acid pattern must r e s ide 

out s ide of the areas of fue brain traditionally accorded a 

rol e  in food int ake control . In a series of  le s ion experi

ment s Rogers and Leung ( 1 973 ) imp licated the Qedial amygdala 

and ant erior prepyriform cort ex a s  brain are as involved in  

the response o f  anioals to amino acid imbalanced and amino 

ac id defic ient diet s . 

1 . 2 .3 Dietary Amino A c id B alance and A l t e re d  

C arbohydrate M e t abo l i sm :  

While  mo st studie s on amino a c id imbalanc e s  

o r  def i c ienc i e s  have concentrat ed o n  the effect s on prot e in 

met abol ism , other alterat ions in metabolism have b e e n  

reported . Animal s f e d  amino ac id imbalanc ed diet s f o r  two 

weeks had incre&sed liver we ight s . The prot e in and glycogen 

cont ent in the l iver was increased , but the l ip id c o ntent 

decreased ( Sanahu ja , et al . , 1 965 ) . The most striking 

feature \va s  the increase in l iver glycogen which reached 

almo st 10 percent of the liver we iBht . 

F o l lowing earlier  studie s ,  which demonstrat ed 

that young rat s f orc e-fed die t s  devo id of a s ingle amino 

ac id develop pathological les ions including incre ased l iver 

glycogen , Sidransky , Wagle , B ongiorno and Verney ( 1 969) 

studied gluc o s e  t o lerance and glycogen met abolism in 

·.: -
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s imilar force-feeding experioent s . After force-fe eding 

animals for 1 ,  2 or 3 days , on a diet  devo id of threonine , 

blood  glucose  leve l s  were s imilar t o  level s  in c ontrol 

animals 16 to 1 8  h aft er the f inal fe eding . However , glu

cose  t o lerance was impaired on  all  3 days , e spec ially on 

the third day . r'; easurernent s of hepat ic glycogen indicat ed 

that the leve l s  were s imilar up t o  6 h but at 16 h the 

animals force-fed the threonine devo id diet had higher gly

c oe;en levels . Breal:dovm of liver glycoGen , test ed u sing 

ep inephrine , glyc ine , insulin , or glucagon , appeared to b e  

s imilar in the t wo group s . Clark and B arron ( 1 972 ) have 

al so ob served incre &sed hepat ic glyc ogen in animals force

f e d  diets devoid of a s ingle amino acid , although �he 

' changes  depend on the age of the anioal and the diet f ed .  

Dat a on label incorporat ion indicat ed that the increased  

glycogen leve l s  re sult ed from increased synthe s i s  of  glyco

gen . When anioal s  were force-fed a thre onine defic ient 

diet , rather than a diet devoid of threonine , s ignificant 

chanGe S in liver glyc ogen were observed aft er 3 days but 

not when aninals  had been fed for lonser pe riods ( Sidransky 

and Verney , 1 968 ) . The s ituat ion is  complex , s ince no change 

in l iver Glycogen was observed in animal s  f orce-fed a diet 

devo id of threonine , aft er a prolonged period of forc e

feeding either the complete  or defic ient diet . 

Peret , Chanez , C ota  and Macaire ( 1 975 ) recent ly 

rep ort ed an elegant s tudy of the relat ionship between 

dietary protein and the act ivit ie s of  cert ain enzyme s of 

c arbohydrate metabo l ism in rat liver . A s  the percent age o f  

diet ary protein increase d , the act ivity o f  pho spho eno lpyr

uvat e c arbox-ykinase increased while the act ivity of pyruvate 
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kinase de creased .  The e quilibrium between gluconeogene s is 

and glyco lysis  was altered by prote ins of different qua lity 

and the cross-over po int in enzyme act ivity c o inc ided c lo s e ly 

with the maximum growth rat e s  achieved for each prot e in .  

Peret et al . ( 1 975 ) concluded that the resul t s  support their 

hypothe s i s  that , " for a given prot ein , IT.aximum growth 

depends not only on it s ab i l ity to  meet quant it at ive and 

qualit at ive needs for amino ac ids , but also , o n  the maximum 

energy available in the form of ATP as shown by  the met abolic 

e quilibriu� between glycolys is and gluconeogene s is . '' 

1 . 2 . 4  Summary :  

I n  sumoary one of the early eff e c t s  of feeding 

amino ac id def ic ient or imb alanc ed diet s is a depre ssion in 

food int ake . Desp ite  cons iderable c ircumst ant ial evidence 

that alt ered amino ac id p at t ern may p lay a ro l e  in the 

reduced food int ake , the more direct evidence is  not com

p e l l ing . In view of the mult iple effects  of l e s ions in other 

brain are as  ( Grossman , 1 975 ; Hoebel , 1 971 ; Hustvedt and 

Lpvp , 1 972 ; Stricker , 1 976 ) , further studie s of animals  

with le s ions in the prepyriform cort ex would b e  justif ied 

b efore concluding that it i s  the site of receptors sens i

t ive t o  the leve l of l imit ing amino ac ids in b lood plasma . 

The role  of altered carbohydrate met abolism in the food 

int ake re sponse to irnbalanc ed or def icient diets  also await s 

further elucidat ion.  
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A H13 A lm OJ3JECT IVE.S O F  TEE PRESENT EXPER II'-IENTS :  

T h e  depre s s ion o f  f o od int ake and growth ob

serv e d  on f e e d ing d i e t s  with d isproport ionat e  leve l s  of 

amino ac ids has been n ainly s tudied in rat s . Howeve r , 

Rob in s o n  (1975) ob s erved that p igs fed aoino ac id imb alanc e d  

die t s  exhib it depre s s e d  food int ake , alt ered plasma amino 

ac id p att erns , and diet cho ic e patt erns s im i l ar t o  re sult s 

rep o rt e d  f o r  rat s ( H arpe r  e t  al . , 1 970 ) . Pigs f e d  die t s  

bas e d  o n  oaiz e , with n e at and bone me al a s  a prot e in supp l e 

ment , showed depre s s ed crowt h r at e s  and incr e a s e d  f e ed 

refusal s ,  e sp e c i ally when the d i e t s  were supp lement ed with 

ly s ine and met hionine ( Stab l e s  and C arr , in pre s s ) . 

F o r  a study of t he rap id alt e rat ions in met

abo l ism that n ay oc cur wh en an im al s  a r e  f e d  d i e t s  with 

def i c i e nt or iob alanced amino a c id pat t erns , the p i� has 

s e v e ra l  advant ac e s  over the r a t . The cre ater b lo o d  vo lume 

and the ab il ity to ma int a in indwe ll ing c at heters for long 

periods of t ime ( Harris , 1974 ; She arer and Neal , 1 972 ; 

W incf i e ld , Tu�b l e son , Hicklin and Mather , 1 974) allows for 

serial blo od samp le s t o  be t aken . The s iz e  of samp l e s  can 

be suff i c i ent t o  me asure the c oncentrat ions of a broad spe c 

trum of D e t ab o l i t e s  and hormon e s . The pre vious s e ct ions 

dealt with the c ont rol of food int ake and obs ervat ions on 

amino ac id imb al ance and food iLtake . The discuss ion s t r e s sed 

the comp lex nature of the int eract ing metab o l i c  syst ems , 

leading t o  d iff i cult i e s  in the int e rpretation of r e sult s 

from m any of the exp eriment s . 

The refore , it was de c ided to use the p ig as 

a mode l for f o od int ake r e spon s e s on an amino acid defic ient 

diet and in the f irst instanc e measure the change s in s ome 
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blood metabolit e s  and horuones in response t o  the diet . 

In addition t o  p lasQa amino ac id patt erns , the metabol it e s  

o r  hor�one s t o  b e  measured were dec ided upon , on the basis  

of  a central role  in int ermediary metabolism and/or a 

postulated role in tile contro l of food intake . 

The " Q;lucostat i c "  hypothe sis (I'-iayer , 1 955 ) i s  

p erhaps the most studied hypothesis  concerning the control  

of food intake . Of spec ial int ere st i s  the role of the p an

creat ic hormone , insulin . Insul in is important in prot e in 

metabolism ( C ahill , Aoki , Brennan and Mftller , 1 972 ; 

IVIanche ster , 1 970a ; 1-'lanchester , 1 970b ; Woo l , �vetlenhall , 

Kle in-Bremhaar and Abayang , 1 972) , carbohydrat e metab o lism  

(Ashmore and \'Jeber , 1 968 ; :B'rohman , 1 969 ; Narahara and 

Cori , 1 968) , and lipid metabolism (Frohman , 1 969 ; Krahl , 

1 974) . Lowered p lasma insulin leve ls  have been report ed 

in animals fed a low protein diet (Young , Vilaire , Newberne , 

and \'Jilson , 1 973 ) . Altered insulin levels have been 

imp l icated in the obe s ity produc ed by lesions in the ven

tromedial hypothalamus ( Hustvedt and L�v� , 1 972)  and it has 

been sugge sted that insulin ( in conjunct ion with other 

fac t ors)  may play a role in the control of food intal{.e 

( Kennedy , 1 966 ; vlo ods , Decke and Vassell i ,  1 974) . 

Pituitary growth hormone ( GH . ) has multiple 

act ions , including effects on protein synthesis and amino 

ac id transport ( Korner , 1 968 ; Ko styo , 1968a ; Kostyc , 1 968b ; 

I'-1anche ster , 1 97Cb ) and effect s on carbohydrate and l ip i d  

metabol ism (Alt s zul er , R athgeb , W inkler , de B o d o  and Stee le , 

1968 ; Bat chelor and St ern , 1 973 ; G o o dman , 1 968 ) . Plasma 

Gg . levels are elevated during st arvation although not during 

pro t e in deplet ion ( Adibi and Drash , 1 970) and Woods � � . ,  
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insulin , in controlling body we ight . 
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G lucocort ico ids have i�portant actions in the 

contro l of gluconeoEene s is (Ashmore and Weber , 1 968) . 

Inj e c t io n  of cort isol  prevented the depre s s ion in the food 

int ake of animals fed irnbalanced diet s ( Leung , Rogers , and 

Harper , 1 968b ; Sanahu j a  and R io ,  1 971 ) , and c aused an 

increase  in the p lasma leve ls of e s sent ial amino ac ids 

inc luding the limiting amino acid threonine ( Leung et al . , 

1 968b ) . 

The metab o lit e s , glucose  and ure a ,  are al s o  

of int erest . The import ance of intrace l lular glucose 

metabol ism in the control o f  food intake and alterat ions 

in gluc o s e  met abo lism observed in animals f ed amino acid 

imb al anced or def ic ient diets  has been discuss e d .  Prior , 

Milner and Visek ( 1 975 ) demonstrat ed incre ased b lood ure a  

and increased ure a  excret ion rat e s  o n  amino ac id defic ient 

diet s .  Since urea excret ion is  not conc entrat ion depen

dant and the rat e of ure a excret ion varies  direc t ly with 

plasma ure a conc entrat ion ( Pitt s , 1 968 ) , p lasma urea may 

indicat e  chan�e s in amino acid cat abo lism . 

Therefore , the programme of r e s e arch discussed  

in  the next two chapters was undertaken t o  fulf il the 

following ob j e c t ive s : 

1 .  T o  study the depre s s ion of food int ake in p ig s  fed  a 

maiz e-meat and b one meal diet , relat ive to the same diet 

supplement ed with t rypt ophan , and ob serve the rapidity 

with which the depr e s s ion in intake is  manife st . 

2 .  To study the feeding patt ern of p igs f e d  � l ib itum and 

any changes in the feeding patt ern a s s o c iat ed with the 

' deficient die t . 
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3 .  To deve lop radio-iillmuno as says  capable of measuring the 

levels of insul in and growth hormone in porc ine p lasma 

sample s . 

4- .  To e s t ablish indwelling c atheters in the b lood  ves s e ls 

of p ig s , and on the bas i s  of the free feeding patterns , 

t ake plasma sarr.p les  to study the relat ionships between 

the def ic i ent and supplement e d  diets , and the plasma 

concent rat ions of gluco s e , ure a , amino acids , insulin , 

growth hormone , and cort i s o l  during me als . 



25 

CHAPTEH Ti"JO 

EXPEl1DiENTAL SECT IO N :  

Discu s s ion of the experiment a l  work is  

divided into three sect ions . The f irst de scrib e s  the 

f e eding p att erns of p igs and changes  in the feeding p at terns 

as sociat ed with a tryptophan def ic ient diet . The second 

sect ion de s cr ib e s  analyt ical methods used to measure 

met abolite s  in p l asma and discus s e s  t he development o f  

radio-immunoas says f o r  plasma hormone s . T h e  third sect ion  

describes  an  experiment on  the  eff e c t s  of  f eeding a t rypto

phan def icient diet on change s  in p lasma levels  of met abol

it e s  and hormone s over the daily 2 h feeding p er iod .  
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2 . 1  OBSERVATIONS ON FR�E FEEDING PATTERNS IN PIGS : 

2 . 1 . 1  f-'IATER I.hLS AND 1\ETHO DS : 

2 . 1 . 1  ( i) Diet s :  

The comp o s it ions of the two die t s  used in all 

experiment s  are shown in Table  I. The diets  were based on 

crushed ma ize gra in and a commerc ial meat and bone meal . A 

vit amin/mineral supp lement inc luding free n iacin ( 1 2 mg/kg 

of  feed)  was added to  both diet s .  

TABLE I :  Comp o s it ions of the tryptophan supp lement ed 

and def ic ient diets  ( kg/100 kg ) . 

C onst ituent s Supp lemented diet Deficient diet 

1\iaize  89 . 4 89 . 5  

Meat and bone meal 10 . 0  10 . 0  

Salt 0 . 25 0 . 25 

V it amin/mineral . a ID lX 0 . 25 0 . 25 

L Tryptophanb 0 . 1  

a Stated to  provide /kg feed : Vit . A 6 , 000 , V it . D 1 , 000 ius ; 

V it .E 8 ,  Vit . B 1 1 ,  V it . B2 4 ,  Vit . B6 2 ,  Niac in 1 2 ,  Panto

thenic  ac id 1 0 , Cho line 90 , F e  200 , C o  1 . 5 ,  Mn  40 , Cu  1 80 ,  

Zn  80 , I 1 . 5 ,  Se 0 . 1 5 mg ; Vit . B 1 2 8 . 5 �g . 

b L Tryptophan . Daiichi Se iyaku Co . Ltd . , 

T okyo , Japan . 

Lot No . 46099 . 
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B e c ause meat and bone meals vary considerab ly 

depending on the  proport ions of animal by-product s used a s  

starting ingredient s , one batch o f  meat and bone m e a l  was 

purchased from the  C o -operat ive Who l e sale Soc iety freez ing 

works ( Longburn ) and used throughout the series o f  experi

ment s . The meat and bone meal was stored at - 1 2° C and mixed 

with fre shly ground maize  obtained from the F e ed Pro c e s s ing 

Centre ( Massey Univers ity ) before e ach experiment . Analy s e s  

of t h e  diet s for dry matter , f ibre , and protein are shown in 

Table  I I . The diet des ignat ed a s  deficient caused  a rapid 

depre s s ion of food intake and growth which could b e  correc t ed 

by supp lement at io n  with L Trypt ophan . 

TABLE I I : 

Dry matter 

Crude f ibre 

Pro t e in 

2 . 1 . 1  ( ii) 

Dry matter conte nt and chemical analy s e s  

(%  dry matter ) of t h e  diet s .  

Supp lement ed diet 

87 . 03 

6 . 4 

1 3 . 99 

Def icient diet 

87 . 02 

6 . 2  

1 3 . 69 

Animals , Hous ing and Experiment al Procedure s :  

Twe lve Large Whit e Landrace cro s s  p ig s , s ix 

barrows and s ix gilts ( init ial we ight range 23 t o  3 9  kg) 

were housed individually in metabo l i sm crat es  in a controlled 

environment roo m . The amb ient t emperature was 1 8  + 1 ° C  and 

the l ight-dark cycle was 1 0  h light ( 0800 t o  1 800 h ) and 14 h 

darknes s . Wat e r  was freely availabl e  through nippl e  drinkers 
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att ached to  the s ide s of the crat e s . FolloHing a pre liminary 

p eriod of 1 0  days to al low the ir adjustment t o  the exp e r i

mental diet s and individual hous ing , the animals were moved 

int o metabolism crat e s . A further period of at least 3 day s  

was allowed f o r  the p i8S  to  ad just t o  the crat e s  and f o r  

t aking some pre liminary measurement s . Re strict ions of t ime 

and fac ilit ies dictat ed that the experiment b e  carried out 

on three independent groups of four animals . 

B e c ause food int ake varie s  great ly betwee n  

individual animals  and increas e s  with incre as ing age o r  

we ight , the experiment al de sign emp loyed was a double reversal 

d e s iGn de scrib ed by Brandt ( 1 938 ) . Reversal des igns are 

u s e ful for det ect ing small treatment difference s  becau s e  

they take account of between animal variat ion and linear 

changes during the c ourse of the exp eriment . One disadvant age 

i s  the p o s s ibility of carry-over effe c t s  from one experimental 

p eriod to the next . Howeve r , one ob j e ct ive of the pre s e nt 

study was to  ob serve any changes  in food intake patt ern during 

adjustment to  the diet s , and food intake patt e rns were 

recorded from the f irst day following swit che s of diet . 

The two experiment al treatment s imposed were 

sequenc e s  of  dietary switchinG as shown in Table  I I I . Each 

e xperiment al period consisted of 5 days , because  prel iminary 

experiment s had indicat ed that depr e s s ion of food intake on 

the def icient diet o ccurred within 3 days . Pigs were allo

c at ed t o  the  two  treatment s  at  random with the  restric t ion 

that , within one experiment al run , e qual numbers of animals 

of each sex re c e ived e ach treatment . C ont inuous readings o f  

f o od int ake p att e rns and daily spillage  measurement s were 

obtained during the 15 days of the experiment . 



TABLE I I I : 

Day s  in 
each p eriod 

Treatment 1 

Treatment 2 

2 9  

Details o f  t h e  " cro s s -over de sign " u s e d  i n  the 

experiment on free feeding patt e rns . 

Pre l imina ry 
Period 

3 - 5 

E:lupp l e m e nt e d  
diet 

Supp lement ed 
d iet 

Period 1 

5 

Supp lement ed 
die t 

Def icient 
diet 

PeT·iod 2 Period 3 

5 5 

Defic ient Supplement ed 
diet diet 

Supp lement ed  Defi c i e nt 
diet d.iet  

Dur ing tne t h ird run of  the  experiment , one o f  

the  barrows deve loped a rectal prolapse , not re lated t o  the 

treat ment s , and \vas  subsequent ly dropped  from the experiment . 

A s  it was t o o  lat e in t h e  experiment t o  replace t h e  animal 

with another and the des ign requ ire s p a i rs of p igs on different 

tre atment s e quenc e s , the result s report ed were obtained from 

1 0  of  the 12 animals . 

2 . 1.1 ( iii) Foqd  Intake Recording: 

Food  int ake patt erns were measured by cont in-

uou s ly recording the we ight s of individual feed b ins . The 

feed  b ins , free to  swing within the conf ines of a metal cag e  

bolted  to  the front o f  t h e  met abolism crat e s ,  were suspended 

from modif ied Salter  No . 60M Nark II spring balanc e s . The 

spindle axle of the spring balanc e was c onne cted through a 

reduct ion gear t o  a 1 . 5 kQ Relcon wire wound pot ent iomet er 

(R e liance Cont ro l s  Ltd . , England) . The pot ent iomet er formed 

one arm of a Wheat stone bridge c ircuit , f ed by a c onst ant 
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vo ltage sourc e , and output from the bridce was recorded o n  

a Devic e s  mult ichanne l  recorder ( Device s Instrument s Lt d . , 

Enc;land ) . 

F ie . 1 shows typ ical meal rec ords from indivi-

dual p igs . FeedinG behaviour w2s apparent on the chart 

recording trace as rap id movement s of the feed b in , although 

some animals preferreQ t o  st and in the feed b in during 

feeding , caus inc the chart recording to go off scale . 

The vert ical sc ale on the chart was c alibrat ed 

from 0 t o  2 kg at the bec;inning o f  each experiment and checked 

at the end of each period . A runninc check  of c a l ibrat ion 

was also  kept , s ince food in the b ins was replenished t\vice 

daily at approximately 0830 and 1630 h ,  and all food added 

was we ighed and recorded . 

E s t imates  of food eat en at e ach meal were 

obt ained from the rest ing p o s it ion of the chart recording 

before and aft er  the meal , the d iff erenc e between  re st ing 

posit ions civinc the meal siz e . The se  est imate s  had some 

limit at ions , b e c ause  the full  scale deflect ion of the recorder 

wa s only 5 c m  and meal s iz e s  could only be measured  to  .t 25 g . 

More ac curat e e st imat e s  of food int ake would have required 

more s ophist icat ed and cons iderably more expensive e quipment , 

which c ould not b e  just ified at this st age . Despite the 

l imitat ions in measuring meal s iz e , the food int ake measure-

ment s from the charts  and from records of food added , correc-

t ed for the re s idual food in the b ins at the end o f  each 

period , agreed to within 4% and this diffe renc e .wa s  not 

stat ist ically s ignif icant (P > 0 . 25 ) . 

E st imat e s  of meal duration and the intervals 

b et we e n  meals c ould be obtained  from the horiz ontal chart 
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distanc e during meals  and betwe en meal s . The s e  intervals 

c ould b e  measured t o  � 0 . 5  min . In read ing the chart s a 

meal was defined as  a bout of feeding activity where any 

pause  did not exc eed  10  min , and where total  intake was 

greater than 25 g . Feeding act ivity s ep arat ed by intervals 

l onger than 10 min were cons idered different meal s .  

2 . 1 . 1  ( iv) F o od Spillar;e : 

The food intake recording app aratus was unab l e  

t o  prevent pigs spilling food . A l l  sp ilt food was c o l l e c t ed 

in trays underneath the feed b in and we ighed daily . Howe ve r , 

wat er  from the nipp le  drinkers caused some cont aminat ion , and 

the food spilt by individual p igs was bulked s eparat e ly for  

dry matt er analysis  at  the end of  e ach per iod . F igure s  were 

corrected back to air dry we ight s of  daily food  sp ilt . 

2 . 1 . 1  ( v) Stat istical Analys is : 

=ach meal has several associat ed variab le s :  

meal size , meal durat ion , and the int ervals  t o  the two 

adj acent meals . In future , the asso c iated variab l e s  wil l  be  � / /"--------

c o llect ively referred t o  as meal patt ern charact erist ic s .  

Beal  patt erns we!:'e analysed in two stages . F irst , individual 

meal pattern characteristics were analysed for differenc e s  

due t o  diet s ; s e c ond , the relat ionships a�ong different 

meal pat tern charact erist ics  were examined .  

Inspect ion of the raw data for individual p igs 

suggested that the meal patt ern characterist ics  were not 

normally distribute d .  Frequency distribut ion s for the t vJO 

diet s were calculat ed , t aking account of the var iat ion 

b etween p igs , by subtracting the means for the re levant 



p e r i o d s  wit hin p ie s  from e ach re c o rd . The d i s t r ibut i o n s  

we re skewed with larce numb e r s  of s m a l l  m e a l s  and sma l l  

int e rval s b et we e n  rfie a l s . 
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T o  analy s e  t h e  e f f e c t s  o f  d i e t on individu a l  

m e a l  p at t e rn char a c t e r i s t i c s , i t  wa s ne c e s s ary t o  u s e  d a i ly 

m e an s , b e c ause m e a l s  o c curred at d i f f e rent t im e s during the 

d ay and t h e  daily numb e r  o f  m e a l s  var i e d . T h e  c ent r a l  l imit 

V t h e or2§! s t at e s  t h at n1e an s  drawn from a non-no rmal f r e qu e ncy 

d i s t r ibut ion t end t o we.r d s  normal it;y as t h e  numb e r  o f  ob s e r

vat i o n s  in the m e an inc r e a s e s  ( Sn e de c or and C o chran , 1 967) , 

s o  the u s e  of average dat a re du c e d  the prob l e m  o f  the n o n

normal d i s t ribut i o n s . D a i ly f o o d  int ake and m e an d a i ly 

f igur e s f o r  m e a l  s i z e , oeal durat i o n , and int ermeal int e rv a l  

were analy s e d  by t h e  me thod o f  analy s i s  f o r  r e v e r s a l  e xp e r i 

ment s d e s c r ibed b y  Brandt ( 1 938 ) . 

F r e quency d i s t r ibut ions were a l s o  analy s e d  

u s ing a non-p aram e t r i c  or d i stribut i o n- f re e t e st a s  an 

alt e rn a t ive app r o a c h . A l t hough such t e s t s  do not dep e nd o n  

t h e  a s sumpt ions o f  n o rm a l ity and add i t i v i t y  ne c e s s ary f o r  

analy s i s  o f  v a r i anc e t e chnique s , they are g e ne r a l ly l e s s  

e f f i c i e nt in d e t e c t in� dep arture s from t h e  nu l l  hyp o the s i s . 

T h e  non-p arame t r i c  t e s t  cho sen was t h e  Log L ike l iho o d  R at io 

T e st d e s crib e d  by S o k a l  and R o hlf ( 1 969) . 

The e f f e c t  of diet o n  t h e  numb e r  o f  m e a l s  p e r  

day ( a d i s c ont inu o u s  variat e ranging from 5 t o  1 6 )  was 

analy s e d  by summing the numbe r  o f  me a l s  over the 5 day s  in 

e ac h  p e riod for each p iG .  A " o ne -way " ana lys i s  of varianc e 

b et we e n  diet s wa s c ar r i e d  out s ep arat e ly f o r  e a c h  p e r i o d  o n  

t h e  indi vidu a l  p ig t o t a l s  aft e r  s quare r o o t  t ransf o rmat i o n . 

The u s e  o f  a r e v e r s a l  d e s ign comp l i c at ed t h e  
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calculat ion of the mean diet ary effects be cause  p igs c ontri

but ed two valu e s  to one diet mean and only one value to the 

other mean . The differenc e b etween  diets  was therefore 

c al culat ed on a within pig basis . For each p ig the difference 

between the diet s ( d ) is �iven by : 

d = ;( period 1 + period 3 - 2 x period 2)  

The sign of d depends on the sequence of die t s  within e ach 

treatment , and the mean diet ary difference ( D )  is given by : 

whe re 

D = -) @ :t1  

t 1  = tre atment 1 

t 2  = treatment 2 

n = number of p ig s  in each tre atment . 

The effe ct of the diet s was calculated from the overall me an 

o f  the dat a (M ) . 

supp lement ed diet = JVI + � D 

def icient diet 

I n  the second p art of the ana ly s i s  the re lat ion

ship b etwe e n  meal patt ern characteri st ics was considere d .  A 

logarithmic transformat ion gave distribut ions more clo s e ly 

approximat ing a normal distribut ion , and further analysis  

used logar ithmic transformat ions of meal s i z e , durat ion , and 

the int ervals prec eding and f o llowing meal s . 

There was c ons iderable diurnal variation in 

both number of neals and average meal size  and the dat a were 

sub-divided int o the l ight phase and dark phase b efore c orrel

at ion analys is . The within d ay corre lat ion c oefficient s for 

individual pigs were c alculat ed  for all  c o mb inat ions of the 

variab le s ; t ime of day and meal size  through t o  following 
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int erva l . Z transfo�mct ions of the correlat ion coeffic ient s  

( de Castro , 1 975 ; 3nedecor and C o chran , 1 967 ) were analysed 

for the reversal de s ign as ear l i e r  de scribed .  The analy s i s  

could only be c arried out f o r  o e a l s  in the light phase s ince 

the numb er of me a l s  in the dark phas e was often insuff i c ient 

to  allow calculat ion of the corre lat ion coeffic ient . 

It wa s as sumed that dat a for individual days 

within p eriods within pies could be pooled , and the  correl

ation c oeff icient s were calculat e d  for  periods wit h in p igs , 

for both the l ight and dark phas e s . The corre lat ion 

coeff ic ient s were then comb ined u sing the Z transformat ion 

( Snede cor and C o chran , 1 967 ) . Unle s s  the differen c e s  b e t we en 

p igs were st at i s t ically s ignif i c ant (P < 0 . 01 )  a s ingle  

e st imat e of the  corre lat ion coeffic ient was calcu l at ed for 

e ach diet . Differenc e s  betwe en die t s  were t e sted and a 

s ingl e  e s t imate calculat ed where appropriat e .  The  range of 

correlat ion co eff ic ient s is  report ed for any s ignificant 

differenc e s  between p igs . 

2 . 1 . 1  (vi) Spe ctral Analysis of D a i ly F ood Int ake Patt erns : 

The food int ake t ime  serie s was submitted to 

spectral analy s i s  to  determine the dominant fre quenc ie s 

pre s ent before any averaging of the serie s to records o f  

f ixed length . Graphs c alculat ed on a fixed rec ord length 

show the pre senc e of rhythms only where the period i s  

harmonically rel ated to the record length . T h e  t echnique s 

and comput er programs used in  the spectral analy s i s  have b e en 

de s cribed in det ail e lsev1here ( Sarelius , 1 97 1 ) ,  and a brief 

de s c ript ion i s  included in App endix 1 .  

Data on food intake , t ime spent e at ing , and 
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numb er of meal s v.rere allocat ed to respective half-hour 

int ervals according to the t ime a me al start ed and the meal 

durat ion . Means and standard errors  within each half-hour 

int erval were calcu lat ed to present a composite  " averag e "  

day . 

2 . 1 . 2 .RE SUVI'S : 

With unre strict ed ac c e s s  to  a dry , coar s e  

ground diet , the p igs a t e  between 5 and 1 6  discret e mea l s  

per  day . The means , st andard errors of the means , and the 

ranges of obs ervat ions for individual me al parameters are 

shown in Tab le IV . The average daily intake of the p ig s  

c omprised a lit t l e  over nine meals , e ach o f  about 172  g .  

TABLE IV : Mean daily ad lib itum intake s o f  all experi-

mental cnimals a nd the characteristics  of  

the ir  feeding behaviour . 

F eeding patt ern 
charact erist ic s r-i ean Std . e rror R ange 

T otal food int ake ( c )  1589 . 3  34 . 81 725 - 2950 

Number of meal s 9 . 26 0 . 1 6  5 - 1 6  

J:vleal size ( g) 1 7 1 . 63 3 . 08 25 1 050 

N e a l  durat ion (m in) 26 . 35 0 . 05 2 - 1 29 

I•1eal int erval ( m in ) 1 29 . 23 3 . 23 10 - 947 
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2 . 1 . 2  ( i) F o o d  Int ake , S e x , and D i e t : 

T o  a l l o w  f o r  t h e  p o s s ib i l ity o f  a n  int er a c t i o n  

b e t w e e n  s e x  a n d  d i e t , both b a r r o w s  and gilt s w e r e  inc luded 

in t h e  exp e r i m ent . In t h e  l a s t  run the two b arrows were 

dro p p e d  b e c au s e  one suf f e r e d  a r e ct a l  prolap s e , and a 

p o s s ib l e  i nt er ac t io n  b et we e n  s e x  and d i e t  was t e st ed f o r  

b y  u s ing d at a  from t h e  f ir s t  8 anima l s . The e xp e r im e nt a l  

mode l did no t al low a dire c t  t e s t  o f  t h e  int er a c t i o n  b e t we e n  

s e x  and di e t . H owever , t h e  a lg e b r a i c  sum o f  t h e  t ot a l  f o o d  

i nt ake s i n  e a c h  p er iod , u s e d  i n  t h e  ana lys i s  o f  t h e  r e v e r s a l  

d e s ign ( B randt , 1 938) , gave a m e a sure o f  the e ff e ct o f  d i e t s  

wit h in p ig s . T h e  f igure s w e r e  sub m i t t e d  t o  a " one -way " 

ana ly s i s  o f  vari anc e b et we e n  s ex .  The F rat i o  was n o t  

s ignif i c ant (P > 0 . 1 ) , and it wa s c o nc luded that t h e r e  was 

no s t at i st i c a l ly s ignif ic ant int e ract ion be twe e n  s e x  and 

d i e t . 

2 . 1 . 2 ( i i) E f f e c t  o f  D i e t  o n  M e a l  Patt erns : 

Average daily f o o d  intake s f o r  p ig s  o n  t h e  t wo 

s e qu e nc e s  of d i e t ary swit c h ing ( F ig . 2)  showed a c ro s s  

o ve r  o f  int ake s dur ing the s e c ond p e riod . Int ake s reve r s e d  

again fo l l owing t h e  diet ary s wit c h  i n  t h e  t hird p e r i o d , 

c le arly demonstrat ing the e ff e ct o f  diet on f o o d  int ake . I t  

i s  e vident t hat change s in int ake b egan dur ing t h e  f i r s t  24 h 

f o l l owing t h e  d i et swit ch and we r e  a lmo st c o mp l e t e  w i t h in 

48 h .  

When t h e  t hr e e  p e r i o d s  were c o n s i d e r e d  together , 

the e f f e c t  o f  f e eding e it h e r  t he supp l ement e d  o r  t h e  de f ic 

ient d i e t  f o r  5 days could be  calculat ed a s  de s cribed i n  

t h e  Methods S e c t ion ( 2 . 1 . 1  ( v ) , p .  34 ) . T h e  r e sult s are 
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pre sent ed in Table V and where the difference b etween diet s 

was st atistically significant it is indicated . 

Daily int ake appeared t o  b e  depressed  by 

day 1 ;  the differenc e became s ignif icant by day 2 ( P < 0 . 05 )  

and was estab l ished and maintained for the remaining 3 days  

( P  < 0 . 01 ) . The widening difference between diets  was due 

t o  a decrease in the intake of animals  on the defic ient 

diet and an increase in the int ake of animals on the 

supp lemented diet (F ig . 3a) . During the second and third 

period animals swit ched to the supplemented diet showed an 

increase in intake over that in the period of feed ing on 

the deficient diet ( F ig . 2 ) . 

Daily food intake was made up of several meals 

of  varying siz e .  A cons istent difference in the daily 

average meal size  of  pigs on the two diets (F ig . 3b ) was 

almo st s ignif icant on days 2 and 3 ( 0 . 1  > P. > 0 . 05 )  and 

was s ignif icant on days 4 and 5 (P < 0 . 05 ) . The average 

d ifference in food intake of p igs on the two diets  during 

days 2 - 5 was 329 . 3 1 G/day , or about 1 9  percent of the 

int ake of pigs  on the supplemented diet . The average 

differenc e in meal size  during days 2 - 5 was 24 . 95 g or 

about 13 percent . 

The dai ly number of meals for pigs on the 

supplement ed diet was also consist ent ly higher than for 

tho se on the defic ient diet ( F ig .  3 c ) . The differenc e was 

never stat ist ically s ignificant , but , at 0 . 54 meals per 

day or about 6 percent , it accounted for the remainder of 

the difference in daily food int ake . 

A change in the daily number of meals should 

b e  reflected in longer intervals b etween meals  for p igs  on 



TABLE V :  

Total food  
int al{e  ( g )  

:._ e e.l s i z e  
( g )  

l\�o.m o er of 
m eal s per 
day 

L1e e. l  
durat i on 
(min ) 

Int erval 
pr e c eding 
meals ( min ) 

Int erval 
fol lowing 
meals ( min ) 

+ P < 0 . 1 , 

The eff e c t s  of f e e ding trypt o phan d e fi c i en t  or supp l em ent e d  di e t s  on 

dai ly foo d  int ak e and m e al patt ern c harac t er i s t i c s  o f  p 1g s . 

1 

S uppl ement e� d i e t  1 6 1 3 . 9 5  
Defi c i ent d i e t  1 4 1 2 . 7 1  
�iffer en c e  20 1 . 24 

Suppl eoen t e6 di et 
Defi c i ent d i e t  
Dif f er en c e  

Suppl em en t e d  di et 
lie f ic i ent diet 
Differen c e  

�uppl ement e d  d i et 
Defi c i ent diet 
Differenc e 

Suppl ement e d  di et 
Defi c i ent diet 
Diff eren c e  

Suppl emen t ed diet  
Defic i ent diet 
Differen c e  

1 80 . 48 
1 6 2 . 1 3 

1 8 . 3 5 
9 . 28 
8 . 98 
0 . 30 

28 . 09 
26 . 93 

1 • 1 6  
1 27 . 9 5 
1 4 6 . 37 
- 1 8 . 42 

1 3 1  . 6 5  
1 34 .  1 7  

- 2 . 5 2 

2 

1 7 3 2 . 2 9 
1 3 9 1 . 04 

34 1 . 25 '1.-
1 8 1 . 7 4 
1 5 0 . 4 9 

3 1 . 2 5 +  

9 . 7 1 
9 . 5 6  
0 . 1 5  

28 . 9 6  
24 . 8 9  

4 . 07 

1 2 5 . 88 
1 2 3 . 4 1 

2 . 4 7 

1 27 . 7 1 
1 3 5 . 80 

-8 . 09 

* p < 0 . 05 '  

Day 

3 

1 7 37 . 6 2 
1 4 3 0 . 37 

3 07 . 2 5  -;:- -)!-

1 80 . 3 S  
1 6 2 . 47 

1 7 . 9 2+ 
9 . 78 
8 . 38 
o . s o  

24 . 4 9  
2 5 . 7 4  
...: 1 . 2 5 

1 2 6 . 8 7 
1 2 6 . 3 9  

0 . 4 8  

1 2 3 . 2 3  
1 2 5 . 67 

- 2 . 4 4 

4 5 

1 7 5 0 . 00 1 8 1 5 . 2 1 
1 4 5 5 . 00 1 4 4 1 . 4 6 

29 5 . 0 0 * * 3 7 3 . 7 5 * *  

1 9 9 . 47 
1 7 9 . 4 3  

2 0 . 8 4* 

9 . 08  
8 . 6 3 
0 . 4 5  

2 7 . 3 9 
3 1 . 0 2 
- 3 . 6 3 

1 1 4 . 5 3 
1 4 8 . 2 1 
- 3 3 . 68 * 

1 3 6 . 5 1  
1 4 8 . 1 1  
- 1 1 . 6 0 

1 :;,3 . 1 9  
1 6 2 . 6 1 

3 0 . 5 8 �-

9 . 6 5 
s . oo 
o . S 5 

2 5 . 6 3 
2 6 . 2 2 
-0 . 5 9  

1 4 3 . 2 9  
1 5 4 . 9 1 
- 1 1 . 6 2  

1 3 4 . 7 9  
1 4 7 . 85 
- 1 3 . 0 6 

** p < 0 . 0 1 

I �  .� l � , Jlr ./ 

, 1,Jvr/)/ 
/ €) -� 

+:
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the diet assoc iat ed with fewer meals per day . R e sult s for 

the average int ervals betwe en meals are shown in F ig .  4 .  

Generally , the interval s were longer for animals  on the 

def ic ient diet with the largest  differences  in the last 2 

days . On day 4 the average int erval pre ceding meals was 

s ignificant ly lo�ger for animals  on the defic i ent diet 

(P < 0 . 05 ) , but this finding did not show up in the int er

vals following meals . A small change of lit t le b iological 

s ignificance  in the night meal pattern could have contri

but ed to  the changes in int ervals prec eding meals . The 

incons istency in the dietary difference between intervals 

b efore and aft er meals suggests  that the leve l of significanc e 

reached should be  viewed with caut ion. 

The re sult s of fe eding the two diet s on 

average meal durat ion are shown in F ig . 5 .  No consist ent 

patt ern emerged despite s ignificant differenc e s  in average 

meal s iz e  - a somewhat surpris ing re sult . The re lat ion

ships between me al parameters will be discu s s e d  in gre at er 

detail in the following sect ion . 

An alt ernat ive approach to t h e  analysis of 

individual meal parameters wa s the Log Like l ihood Rat io 

Test ( Sokal and Rohlf , 1 969 ) for comparing d i s tr ibut ions . 

The re sult s conf irmed the analys is of daily means . The 

only s ignificant effe ct of diet wa s on the distribut ion of 

meal siz e s  shown in F ig . 6 (P < 0 . 025 ) . O n  the defic ient 

diet p igs  at e more meals in the small clas s s iz e s  and fewer 

meals in the large class  s iz e s .  



2 . 1 . 2 ( iii) R e lat ionships B etween Meal Patt ern Ch�rac-

t erist i c s : 

46 

Product moment corre lat ion coeff i c i ent s for 

comb inat ions of the  meal patt e rn charact erist i c s  were c al

culated  separat e ly for both l ight and dark phases . The 

coeffic ient s with the ir assoc iated probab il it i e s  are shown 

in T ables  VI and V I I  respect ive ly . 

I n  general the corre lat ions are low and the 

probability leve ls are decept ive because mathemat ical 

s ignificance doe s  not neces sarily confer biological s igni-

ficanc e on any re lat ionship . The proport ion of the variance 

of one paramet er related to changes  in the other paramet er 

i s  g iven by r2  , the s quare of the correlat ion coeffic ient 

( Sne de cor and Co chran , 1 967 ) . The meal size - meal durat ion 

correlations of about 0 . 6 are the highest in the two t able s , 

but , for the only comb ined value given ( 0 . 63 ) , less  than 

half the variat ion in one var iable ( r2
Q 0 . 4 )  i s  re lat ed to 

chanses  in the other variabl e . If the poor re lat ionship 

shown between size  and durat ion  i s  cons idered it is  not 

surp r i s inG that the de f i c ient d i e t  c au s e d  s ignif i c ant chang e s  

in meal size without affect ing mea l  durat ion . 

Where correlations c ould not b e  c omb ined be cause 

of s ignif icant diff erence s  b etwe en animals , wide variat ion 

will be noted in the range s repo rt ed . Correlat ion 

c o e ff i c i ent s c alculat ed from small sample s  show cons iderable 

samp ling variat ion ( Snedecor and Cochran , 1 967 ) , and wide 

variat ion could be expected b etwe en days for individual 

p ig s . However , whe n  dat a were combined for the 5 days 

within periods there was still considerable  variat ion b etween 

animals . It i s  int erest ins that during the light phas e  p igs 



TABLE VI : C orr e lat i on s  b et w e en d i f f e r en t  a s p e c t s o f  f e eding b e ha v i o ur d ur ing t he l ight 

p hase  o f  t h e  day . Co e ff i c i en t s w er e  c a l c u l at e d  f or i n d i v i dual p i g s  and 

c omb in ed in t o  e s t im a t e s  f or e a c h  d i e t  and a s in g l e e s t i m a t e o v er a l l  p i gs an d 

diet s , un l e s s  t h e  d i f f e r en c e s  v._: e r e  s t a t i s t i c a l ly s i gn i f i c an t . 

Variab l e  pair 

Timea/mea l s i z e  

Time/meal durat i on 

T .  I , · · · l
b 1me pr e c e u1ng 1n � erva 

Time/f o l l ow ing in t erval
c 

r:ieal s iz e/m eal durat i on 

�eal s i z e/pr e c eding int erval 

�eal s i z e/fol lowing int erval 
Keal durati on/pr e c e ding int erva l  

:r.ieal durat i on/fol l owin .; in t erva l 

�u p p l em en t e a  D e f i c i en t  
d i e t  d i e t  

0 . 1 3  0 . 05 

o . oo 0 . 00 

- 0  • 34 ·X· * - 0  • 4 2 7H;-

0 . 0 2 - 0 . 0 5 

0 . 5 2 -t:- * 0 • 6 J"'Hf  
t o  0 . 7 6 -J<-* 

0 . 06 0 . 1 2  
0 . 2 3  0 .  1 1  

0 . 2 5  0 .  1 7 
0 . 2 0  0 .  1 1  

a The c l o c k  t ime  at t he b eginn ing of mea l s . 
b Tbe t im e  int erval elap s e d  s in c e  t h e  pr evi o u s m e al . 

c Th e t ime int erval elap s e d  b e fore t h e  f o l l ow in� m e a l . 

C omb in e d  c orr e l a t i on or t h e  
s i gn i f i c an c e  o f  t h e  d i f f er en c e  

b et w e en d i et s  

0 . 0 9 -l<-

0 . 00 

r < 0 . 0 5  S Ofll e d ay s  

- 0 . 0 2  

0 . 0 9 

0 . 1 7 * *  

0 . 2 1 ·)1- -)(-
0 . 1 6 * -Y.· 

* P < 0 . 05 ,  ** P < 0 . 0 1 . Probab i l it y  l ev e l s  for c orr e l at i on c o e f fi c i en t s s ign i f i c an t ly 
differ ent fr om z ero . 

+: --(] 



TABLE V I I : Corr e lat i o n s  b et w e en d iffer en t  a sp e c t s o f  f e e ding b ehaviour during t he dark 

p ha s e o f  t he day . C o effic i ent s w er e  c a l c ulat ed for in dividua l  pigs and 

c omb in e d  int o  e s t imat e s  for eac h d i et and a s ingle e s t imat e over a l l  p igs 

and d i e t s , un l e s s  t h e  diff er en c e s  � er e  s t at i st ically s ign ificant . 

Var iab l e  pair 

Time
a/m ea l  s i z e  

Tim e/meal durat i on 

Tim e/pr e c e d ing int erval
0 

Time/ f o l l owing in t erval c 

Meal s i z e/meal durat i on 

�eal s i z e/ pr e c e ding int erval 

�eal s i z e/ f o l l ow ing int erval 

Meal durat i on/ pr e c e ding in t erva l 

Meal durat i on/fo l l o·wing int erval 

Sup p l em en t ed 
d i et 

- 0 . 1 2  

- 0 . 2 3  
t o  0 . 2 5 

0 .  1 3  

-0 . 84 * 
t o  0 .  1 0  

-0 . 08 
t o  0 . 87 * *  

0 . 1 0  

0 . 2 1 

- 0 . 7 6 •* *  
t o  0 . 6 5 * * 

- 0 . 5 0 * *  
t o  0 . 6 2 * *  

a The c lo c k  t im e  at t h e  b eginning o f  mea l s . 

Defic i ent Comb in ed c orr e lat i on or t h e 
di e t  s ign ifi canc e of t h e  differ en c e  

b et w e en di e t s  

- 0 . 1 2 - 0 . 1 2 * 

0 . 05 

0 . 3 8 ** p < 0 . 0 1 

-0 . 9 6 ** 
t o  0 . 4 1 * *  

-0 . 1 1  
t o  0 . 90 ·* -� 

0 . 07 0 . 09 

0 . 09 

- 0 . 48 ·:<- ->t 
t o  0 . 67 ** 

- 0 . 6 6 ** 
t o  0 . 64** 

0 . 1 6 ·)!-* 

b 

c 

The t im e  int erval elap s e d  s in c e  t h e pr evi o u s  meal . 

T h e  t im e  int erval e lap s e d  b efore t h e  f o l l o�ing meal . 

* p < 0 . 05 ,  * *  P < 0 . 0 1 .  r�o b ab i l it y  l ev e l s  for c orr elat i on c o effic i en t s s ign i f icant ly 
differ en t  from z er o . 

+=
(X) 
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differed s ignif icant ly only in the meal s ize  - me al durat ion 

relat ionship . In the dark phase , animals diff ered s igni 

f ic ant ly in f ive re lat ionship s .  

There were s ignif icant correlat ions b etwe e n  

meal size  and following int erval and between meal durat ion 

and int ervals both pre c eding and following meals . However , 

the proport ion of variance in common i s  so low that lit t l e  

b io logical s ignificanc e can be  attached t o  the f indings . 

Apart from the size-durat ion corre lat ion the other re lat ion

ship worth not ing is  the t ime - previous int erval corre la

t ion . The proport ion of variance in common was again low , 

but the int erval betwe en meals was more strongly re lat ed 

to  the t ime of day than to  meal s ize  or meal durat ion . 

2 . 1 . 2  ( iv) D i et s and the R e lat ionships Between Meal 

Pat t e rn Charact erist ic s : 

In the  light phase daily correlat ion co eff ic

ient s were analysed for an eff ect of diet . A s ignificant 

difference betwe en diets  (P  < 0 . 05 )  was not e d  for the 

relat ionsh ip between t ime and previous int erval ( days 2 and 

3 ) and for the re lat ionship b etwe en meal s iz e  and durat ion 

( day 4 only ) . The re lat ionship betwe en the t ime of the day 

at which a meal occurred and t he int erval preceding that 

meal was c loser for the defic ient diet . Meal size  and 

durat ion were more close ly re lated on the supplemented diet . 

During the dark phase there were too few meals 

to  calculate correlat ion coeffic ient s for individual days 

and the f ive days in each period were comb ined . There was 

again a significant effect of diets on the relationship 

b et we en t ime and previous int e rval . 
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Considerat ion of dietary differences  must be  

qualif ied because of  the low  correlat ion coefficient s 

dis cussed previous ly ,  but it is int e re st ing that the 

relat ionship bet ween t ime and previous int erval was closer 

than other relat ionships and also differed significant ly 

between diet s  in both the light and dark phase s .  

2 . 1 . 2 (v) Diurnal Patterns of Food Intake : 

Spe ctral analys is was init ially carried out 

on the five day records from each period . There appeared ,,. 

t o  be  no effect of diet on the patterns of int ake . T�erefore , 

t he 3 periods for each p ig were comb ined and the 15 days 

of  cont inuous records submitted to  spectral analysis . Food 

int ake patterns for individual animals showed some variation 

b etvJeen pigs and that the variat ion \r.Jas not random .  Intake 

pat terns were s iQilar for all pigs in one experimental run , 

and the variab il ity was largely between  runs . The impre s s ion 

gained from inspect ion of the chart records was that the 

t iming of meals was det ermined by one animal in each group 

cons istent ly beginninG meals a short t ime ahead of the other 

animals .  Therefore , power spectra have been averaged for  

the  four animals in  each group , and the  result s for  the 

first two groups plus an average spectrum for s amples of 

random data are present ed in F ig .  7 .  Re sult s for the t wo 

p igs  in the third group vJere quit e s imilar to result s f or 

the second group and have not been present ed .  

I n  both samples o f  exp eriment al data the major 

p eaks occurred e ither at one cycle p er day or at frequen

c ie s  harmonically relat ed to one cycle per day . Othe� p eaks 

in the power spectra had little  s ignificance when compared 

to the random dat a sample . The p eriodic nature of the 
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feeding patt ern appeared to be more cons ist ent in the first 

group of p igs . 

An average day has b e en calculat ed from the 

data , and the diurnal patt erns in total food int ake for the 

f irst and second 5roups are shown in F ig . 8 .  The intake 

patt ern was similar in the two groups , although the standard 

errors were smaller for the f irst  group . The p igs in the 

first group were heavier than any other animals ,  which 

explains the differences in intake s within any one half: 

hour p er iod and may explain the more consistent intake 

patt ern present in the first croup . 

About 7�6 of daily food intake was consumed 

during the 10 h l ight phas e . 

30 min aft er the light s went 

A large peak in intake occurred 

on.  The peak c o incided with 

the morning feeding t ime and probably related to the 

present at ion of' fre sh f eed . The aft ernoon peak in f e eding 

act ivity was more sustained and less  likely to b e  relat ed 

to  feeding tim e , since the aft ernoon feeding t ime was far 

les s  regular . 

Total food int ake in any half-hour p eriod is 

the product of the number of meals and the average meal 

siz e .  Patt erns of results for all three groups were s imilar , 

and the pattern of the average number of meals for the first  

group i s  shown in F ig . 9 .  The diurnal pat tern of the  numbers 

of meals eaten was very s imilar t o , and account s for , mo st  

of  the pattern of total intake . However , average meal s iz e  

was consistent ly higher during the day , espec ially during 

the mid t o  lat e aft ernoon period , and does  contribute t o  

the diurnal patt ern in total int ake . 
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2 .  '1. 3  DISCUSi3ION : 

2 . 1 .3 ( i) D i e t s : 

D at a  on the aQino acid comp o s it ions of the 

diet s , apart from the added t ryptophan , are not available . 

However , s everal inve s t i3at o r s  have report ed o n  the poor 

performanc e of p ie s  fed diets containing me at and b one meal 

( bBl'l ) as an e.ddit ionc;_l prot e in sourc e . Kennedy , Aherne , 

Kel leher and C affrey ( 1 974) at tribut ed poor growth rat e s  of 

p igs on diet s containing hBH to poor prot e in qual ity of  the 

f e e d .  B at t erhem ( 1 970) , Stab l e s  and C arr ( in pre ss ) , and 

Bt ockland , r:ieo.de and N o rds t r o m  ( 1 971 ) concluded that t ryp-

t ophan was the f ir s t  and ly s ine the second l imit ing amino 

acid i n  d i G t s  b o. s e d  on ma i z G c;rain \vith J· JBI'l as the only 

addit ional sourc e of pro t e in .  

Jatterhao ( 1 970)  furthGr conc luded that niac in 

was the mo st l im it inG c omp onent of his basal diet s . If this 

was corre ct a trypt ophan re sponse would al s o  o c cur s inc e tryp-

t opllan c an b e  convert e d  to ni ac in . H o weve r ,  in the pre s ent 

study thG diet s were supp leme nt ed with a �itam in-oineral mix 

which supplied 1 2  lllC o f  niacin p e r  kc; of f e ed , the published 

Agricultural 2 e s e arch C ounc il ( 1 967 ) requirement for p igs 

of 20-90 kc; . 

The re lat ive amino ac id cont e nt s  of the d ie t s  

(Fie; .  1 0 )  are based o n  t h e  a11ino ac id comp o s it ions o f  New 

Z e aland f e ed stuffs c al culated from a number of sample s 

(N . A dams , persona l comnunicat ion 1 ) , and t he amino ac id 

requirements  for the p ig published by R�rat and Lougnon ( 1 968) . 

Amino ac id comp o s it ions of New Zealand c;rovtn maiz e agre e  

clo sely with f igure s  published for North Amer ican maiz e 

1 Dr . 1•1 • .£tdams , :;::lual-:::ura Animal R e s e arch St at ion , Hamilt o n .  
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has a l o w  prot e in cont ent and therefore has lower leve l s  of 

the individual amino ac ids . 

The amino ac id r e qu irement s pub l i shed by R�rat 

and Lougnon ( 1 968 ) are in gene ral agre ement with valu e s  

pub l ished b y  t h e  AGr icultural Tie s e arch C ounc i l  ( 1 967) , apart 

from a lower re quirement for sulphur cont aining a@ino ac ids , 

which i s  more in line with values pub lished by Braude and 

E snao la ( 1 973 ) . At;r icultural H e s e arch C ounc i l  r e quirement s 

refer t o  re stri c t ed feeding , so the ad l ib itum r e quirement s 

o f  R �rat and Lougnon ( 1 968 ) have b e e n  used . 

F i� . 1 0  must b e  regarded as a s imp l if i c at io n  

b e c au s e  of problems o f  amino ac id availab ility and the 

variab l e  c ompo s it ion of l· ,Bh . Neverthe l e s s , it i l lu st rat e s  

the po int that the unsupp lement ed diet i s  b e st de scrib e d  as 

a d e f i c i ent diet within the c ont ext of the def init ions g iven 

in the r e view by Harp er et al . ( 1 970 ) . The supplement ed 

diet has higher leve l s  o f  tryptophan but the s ame leve l s  of 

o ther amino ac ids , and it therefore has a highe r  nutritio nal 

value . 

2 . 1 . 3 (i i) Int erpretation of Meal Patterns : 

C alculat ions o f  meal patt erns in the pre s e nt 

exp er iment s  were based on an int ermeal int e rval o f  1 0  min . 

In studie s  in other laborat or i e s  and on other spe c i e s  the 

int e rval used to separate meal s varied from 1 t o  40 min 

( Ki s s ileff , 1 970 ; Le Nagne n , 1 969 ) . Kis s i l eff ( 1 970 ), working 

with rat s , used a minimum crit erion of 1 min t o  sep arat e 

bout s of feeding and then examine d the eff ects of altering 

this crit erion . His dat a show that in cert ain s ituations 

the crit erion used t o  def ine meals may alter  the interpre-
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t at ion of the re sult s .  However , in a free feeding situat ion 

the criterion for def ining meals did not alter the meal size 

distribut ions , and he conc luded that 1 0-20 min after e at ing 

stops would be a natural dividing po int for meals . 

During the pres ent experiment the p igs int er

rupted feeding t o  drink from the nipp le drinkers and also 

if disturbed by noise or movement , so meals  were not c on

t inuous bout s of feeding . The different diet s  did no t 

radically alter the feeding patt ern of the animals ,  and 

under the se circumst ances  it did not appear that alt ering 

the crit erion would alter int erpretation of the dat a .  

Therefore , an int erval of 1 0  min was cho sen a s  the cut-off 

po int between p auses  within me als and intervals separat ing 

meals . 

The chart recordings over-est imated meal siz e  

because sp ilt food was included on the recordings . A n  

analysis o f  the effect o f  diet o n  the amount o f  food sp ilt 

revealed no significant differen c e  (P > 0 . 1 0 ) , and the average 

daily food sp ilt was 76 . 52 g or an average of 8 . 26 g per  meal . 

The food spilt could not be apport ioned to individual meals 

unless it was as sumed that the amount of food spilt was 

proport ional to meal siz e , an as sumpt ion not jus t ified by 

observat ion of the animals . Therefore , raw data on meal 

size  were not corrected for food sp ilt , and average meal 

size was over-est imat ed by some 4 . 8% .  C ons iderable variation 

occurred between animals  in the amount of food spilt , 

ranging from 1 . 27 percent to  9 . 92 percent of daily food 

int ake . More accurate e st imat e s  of meal s ize  would have to 

take account of spilt food and would require more s ophist i

cated feeding apparatus , part icularly when feeding dry meal . 
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2 . 1 .3  ( iii) Effect o f  Tryptophan Deficiency on Meal 

Patterns : 

The effect of  feeding amino ac id imb alanc ed 

or defic ient diets  on free fe eding patterns has received 

only limited att ent ion . RoGers and Leung ( 1 973 ) report ed 

some l imit ed ob servat ions on free feeding rat s on diets  

with di sproport ionate leve ls  of amino ac ids . The imbalanc e d  

diet caused a de creas e i n  the numb er o f  meals on the � irst 

day aft er diet ary switch . After the animal adapted t o  the 

diet , the daily number  of meals was st ill lower , but food 

intake increased b e c ause of an increase in meal size . A 

diet devo id of one amino acid caused a depre s s ion in average 

meal size  on the f irst day with no effect on meal number . 

A ft er 14  days there was little increase in total intake , 

but the intake was spread over many very small meals , 

inc luding seve ral meals during the dayl ight hours . 

H e sult s of the pre sent experiment s are in 

general agreement with the above observations . The trypto 

phan def ic ient diet caused a depre s s ion in food int ake that 

was apparent within 24 h and had reached ab out maximal 

levels  by 48 h . The change in intake was large ly due t o  a 

decrease in meal s ize  of  pigs on the defic ient diet , and this 

differenc e in meal size was maint ained throughout the 5 days 

on the diet s . A lthough the decrease  in the daily number  of 

meals was not st at ist ically signif ic ant , it  account ed f o r  a 

l ittle  l e ss than one th ird of the difference in intake f o r  

days 2 to 5 and c annot be ignored . The short eXperiment al 

p eriods prevent any direct comparison with the shift t o  many 

small meals observed in the rat . The leve l of food int ake 

depress ion of about 20 percent att ained within 48 h has 
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b e � n  maint ained without adaptat ion for up to 1 5  days 

( unpubl ished observat ions ) ,  whereas p igs usual ly t ake l e s s  

than 1 0  days to  adapt t o  ma jor  change s  in diet o r  feeding 

patt erns . However , there was very little change in t o t al 

intake of the rat s on the amino a c id deficient diet , and 

ad justment in meal patt ern s  c ould oc cur without alterat ion 

in t o t al intake . The lon�er meal intervals for p ies on the 

defic ient diet on days 4 and 5 and the signif icant effect 

o f  the def icient diet on the preceding int erval on day 4 

indicat e  that lancer term expe riment s might show a shift in 

meal patterns . Unl ike the def ic ient diet used  by Rogers 

and Leung ( 1 973) , the tryptophan defic ient diet used in the 

pre sent experiment was not devo id of tryptophan , would 

support a reduced rat e o f  growth , and would have less  severe 

effe cts  on the animal s . 

2 . 1 .3 ( iv) Meal Patt ern C orre lat ions : 

The re lat ionship s between meal pattern charac

t erist ic s  have b e en stud ied in many fre e f e eding situat ions . 

Several authors , inc luding de Castro ( 1 975 ) , de C astro and 

Balagura ( 1 975 ) , Le Magnen ( 1 969) , Le Magnen ( 1 971 ) , Snowdon 

and Wamp ler ( 1 974) , and Thomas and Mayer ( 1 968 � have 

report ed a p o s it ive correlation b etween the  size  o f  a meal 

that a rat eat s and the l ength of the following interval . 

This i s  c ited as evidence that meal-to-meal  regulation is  

brought about , in  part , by  a sat iety mechanism related to  

the amount of food ingested at  each meal ( Le Magnen , 1 969) . 

However , the re lat ionship is unc ertain , and several studies  

have failed t o  replicate the findings ( Kenney and Mock , 1 974 ; 

Levitsky , 1 974 ; Panksepp , 1973 ) . The re lat ionship has also  
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been observed in chickens ( Duncan et al . , 1 970 ) but not in 

mic e ( W iepkema , 1 968 ) , guinea p igs ( H irsch , 1973 ) , or 

pigeons ( Z e igler , Green and Lehrer , 1971 ) . In the cat 

( Kanarek ,  1 975 ) there was no re lat ionship bet we en meal siz e 

and the int erval following meals , but a p o s it ive relat ion

ship was sho1m b etwe en meal s i z e  and the interval prec eding 

meal s .  

Studie s o f  free feeding animals have used 

wide ly differinc methods of data c o llect ion and analysis , 

and some of the confus ion i s  undoubt edly relat ed t o  method

o logical problems . Kiss ileff ( 1 970) looked at the effects  

of changing the  crit eria for  def ining meals on t he frequency 

distribut ions of meal s iz e s  in both fre e and operant feeding 

situat ions . His dat a showed that the criteria for defining 

meals altered the f requency distribut ions of meal size  and 

int erval in the bar pre ss  s ituat ion . However , in the free 

feeding s ituat ion varying criteria had no effect on meal 

s i z e  dist ribut ion and a much smaller effect on int ermeal 

int erval distribut ion . Different laboratories have measured 

f ood int ake by we iehin8 f e e d  b ins , measuring meal durat ion , 

or  using operant methods , and criteria for def ining meals 

have inc luded int ermeal intervals from 1 to 40 min ( Kissileff , 

1 970 ; Le Magnen , 1 969) . De spit e  a high p o s it ive c orre lat ion 

between meal size and meal durat ion in rat s , the relat ion

ship b e t ween size  and f o ll owing interval is  stronger than 

the relat ionship betwe en durat ion and fol lowing interval 

( de Castro , 1975 ) . 

Differing methods of dat a collection are not 

the only problem . Panks epp ( 1 973 ) has challenged the 

validity of some publ ished correlat ions by p o inting out 



62 

p o s s ible  statist ical b ias due to  p o o l ing of dat a .  One 

further source of s t at istical b ias not discussed e l sewhere 

relates  to the shap e s  of fre quency distributions of the meal 

paramet ers . The pre sent results and published re sult s for 

rat s ( Snowdon and Wampler , 1 974) and chickens ( Dunc an et  al . ,  

1 970) show frequency distribut ions that are not  normal . 

This may give undue we ight t o  the smaller numbers in the 

large c lass  siz e s , unle s s  the dat a are transformed t o  g ive 

approximat ely normal distribut ions . 

In the pre sent study unordered dat a , l o g  

transformed t o  g ive approximat e ly normal distributions , 

showed stat ist ically signif icant correlations between 

several of the variables  de scrib ing meal patterns . H owever , 

the correlation c o effic ient s showed that the variab l e s  in 

que st ion had such a small part o f  their var iat ion in c ommon 

that the relat ionship between int e rmeal int ervals and meal 

size  did not appe ar to  be  important in the free fe eding p igs . 

In most of the studies with rat s where signif icant correla

t ions have been report ed , there was c onsiderab l e  variat ion 

between animals and the variab l e s  generally had l e s s  than 

one quart er of their variance in common. 

The t iming of meals was not c l o s e ly re lat ed 

to meal size  and was c learly influenced by other factors 

including diurnal rhythms .  In the present experiment the 

largest  meals were often ass o c iat ed with the smallest 

intervals between meals , b ec ause  of the t ime of  day at 

which tho se meals occurred . If the diurnal patt ern in 

intake was rel ated to alterat ions in digest ion , e nergy use , 

or energy storage , it may obscure a relat ionship between the 

energy cont ent of a meal and the t ime that elap s ed t o- the 

next meal . 

(' 
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2 . 1 .3 ( v) D iurnal ?atterns of Food Int ake : 

There are few report s of fe eding patterns in 

p igs fed  ad lib itum . Ingram and Legge ( 1 974) report e d  a 

diurnal feeding p att e rn with higher food intake s in the 

aft ernoon althou�h the data were confounded by alt ernat ing 

amb i ent temp eratures . In an abstract published by Auffray , 

Baby and l-larcilloux ( 1 974) it VJas report ed that p igs c onsumed 

1 0 - 14 meals per  day with more meals consumed during the day 

t han the nicht . Diurnal feeding p att erns have also been  

report ed in the  chicken ( Duncan et al . , 1 970 ) , t he pigeo n  

( Z e igler et  al . , 1 971 ) , and the rat ( Le I'-'iacnen , 1 969 ; Levit sky , 

1 970 ; Siege l , 1 961 ) .  In the chicken , the pigeon , and the  

pig , which are all act ive during the  day , maximum int ake 

occurred during the dayl ight hours . The rat , b e ing nocturnal , 

showed maximum int ake durine; the hours of darkne s s . The 

diurnal int ake patterns observed in p igeons ( Z e igler et al . , 

1 971 ) and the rat s ( S iege l , 1 961 ) showed remarkable s im ilarity 

with the pre sent dat a ,  when the phase shift in the rat i s  

t aken into ac count . The maximum int ake o f  each animal 

occurred b efore the end of the act ive phase in the light -

dark cycle . 

At variance with the present re sult s is  the 

report of Le Magnen ( 1 969) that the frequency of feeding in 

rat s was s imilar in both ti1e l ight and dark phases .  The 

diurnal patt ern in the intake of his  rats was ent irely due 

t o  changes in average meal s i z e . Levit s ky ( 1 970) rep orted 

a diurnal pattern o f  meal frequency , but maximum intake 

occurred at the beginning of the dark phas e . The diurnal 

patt ern ill intake in rat s can oe ext inguished by maint aining 
the animals  in const ant , high int ensity lie;ht ( Siege l , 1 961 ) , 
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reversed by diet ary manipulat ion (Panksepp and Kro st , 1 975 ) , 

and affected  by any patt e rns assoc iat ed with rout ine f e eding 

and c leaninc; . So difference s in ex:periment a l  or e nviron

ment al condit ions may acc ount for the incons ist ency of 

report ed result s . 

If it is assumed that the results of Panksepp 

and Krost ( 1 975 ) can be generalised to  p iGs , the diurnal 

pat t e rn of int ake doe s not repre sent an ob l igat ory response 

t o  diurnal variat ion in any metabolic parameters . It is  

c ommon pract ice in  pi� husbandry t o  feed a restricted amount 

of feed  once per day , and p ir;s show satisfact ory e;ro\\rth 

re sponse s  on this recime . However , meal f e eding alt ers 

rhythms associat ed with hormone se cretion and the met abo l ism 

of carbohydrat e s  and l ip ids ( Kaul and Berdanier , 1975 ; 

Leve ille , 1 970 ; �oberg , Bellinger and Mendel ,  1 975 ) . 

Diurnal variat ion in gluco s e  t o lerance in humans has b e e n  

report ed  (helani , Verrillo , haraso , Rive ll e se , O s orio and 

B ert o l ini , 1 976) . Ahme d , Gannon and Nuttall  ( 1 976) and 

Genuth ( 1 973 ) studied the effect s  of feeding three iso

caloric meals to  humans . The maximal leve l s  of glucose  

and insulin in p lasma were similar aft er t he three meal s , 

but the fall in both insul in and �luco se was de layed 

progre s s ively from breakfast t o  d inner . If the same diurnal 

patt ern in clucose  t o l e rance was pre sent in p igs it would 

rai s e  int ere st ing que s t ions in re lat ion to the diurnal 

pat t e rn of food int ake . 
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2 . 2  I-'i.:.'.::THODS OF ANALY SIS FOR BLOO D I�lETABOLITES 

AND B.ADIO - H'JIVJUNOASSAY DEVELOPtvlENT : 

2 . 2 . 1  Plasma Gluco s e  A ssay :  

Plasma clucose  c oncentrat ions were assayed 

by the glucose oxidase method de scribed by Caraway ( 1 970) , 

using gluco s e  oxidase (Fercozyme , Hughe s & Hughe s Lt d . , 

England) , hors eradish peroxidase ( Sigma Chemical Co . , Type 

I I ) , and o -dianis idine dihydrochloride as the oxygen acc ep 

t or .  F our levels  of a gluc o s e  st andard ( 0 , 50 , 1 00 and 

200 mg/100 ml , i'1ay & Baker Ltd . ) were included in each 

assay and all standards and samples  were analysed  in trip

licate . Aft er full colour deve lopment the ab sorbance was 

read on a Unicam SP 500 spectrophotometer.  There was a 

linear re lat ionship between  ab sorbance and glucose  concen

trat ion up to  400 mg/100 ml , the highest concentrat ion 

t e st e d .  

The glucose  c oncentrat ions of t h e  plasma 

samples were est imated in 14 assays . The mean optical 

dens ity � the standard error for the 100 mg/100 ml standard , 

from the 14 assays , was 0 . 1 20 � 0 . 00093 . The glucose  c on

c entrat ions of samples v1ere calculated from the 1 00 mg/ 1 00 

ml standard for e ach assay .  R eplicat e s  within samples  

showed l ittle  variab ility and when all samp l e s  were cons id

e red , the variance due t o  rep licat e s  was l e s s  than 2% o f  

the total . 

2 . 2 . 2  Plasma Urea Assay:  

Plasma urea was analysed on a T echnicon Auto 

Analyser Mark I ,  using the manifold and reagent s described 
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in the Technicon methodology publ icat ion N-16b . The method 

measured blood urea by a Diacetyl Monoxime colorometric 

reaction . A st andard curve was included every 24 samp l e s  

giving 8 value s f or calculat ing e ach standard po int . The 

re sult s as percent transmittance gave a curvil inear re sponse 

with increas ing ure a concentration . When ab sorbance was 

calculat ed from percent transmitt ance (Absorbance = 2 - log 

LP Transmitt ance7) , the re lat ionship betwe en ab sorbance 

and urea concent rat ion was linear up t o  the highest ure a  

standard included ( 30 mg/100 ml ) . A regre s s ion equat ion 

was fitt ed to the data for the st andards and urea conc en

trat ions in the samples calculat ed using the regre s s ion 

equat ion . 

2 . 2 .3 Plasua Amino Acid A s s ay:  

Aoino acid analyse s were carried out by 

Dr . G . G .  M idwint er , Department of  B iochemistry , Hass ey 

Univers ity , usinc a sincle co lumn programme on a B eckman 

1 20 C automat ic  amino acid analyser . The machine was cali

brat ed for rout ine prot e in hydro lysat e analysis , but no 

other analysis syst em for physiological samples  was avail

able . ]' or each sample 0 . 6  ml of the supernatant from the 

ethano l prot e in precipitat ion step ( 0 . 2  ml of plasma equiv

alent ) was evaporat ed t o  dryne s s  in a rot ary evaporator . 

The dried material was redissolved in 0 . 1  ml of 0 . 2  N 

cit rat e  buffer , pH 2 . 2 ,  and loaded into a Locart e automat ic 

loading accessory on the amino ac id analyser . 

The analyser was regularly c alibrated using 

a Beckman standard amino ac id calibrant ( 0 . 05 �moles  of 

each amino ac id) . A t ryptophan standard ( 0 . 05 �moles  and 
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0 . 01 �mole s )  was run separat ely.  Peaks on the chromat ogram 

were int egrated manually by the "half he ight by width"  

( � H x \'J ) method . 

2 . 2 . 4 PlasBa Cort isol Assay:  

Plasma C ort isol  ( 4-pregnen-1 1 � ,  1 7a , 21 -triol-

3 ,  20-dione ) concentrat ions were analysed by P . c . Evans , 

Department of Biochemi stry , Massey University , using a 

radio-immunoassay deve lop ed for me asuring cort isol in human 

p lasma samples . For e ach sample 0 . 1  ml of plasma was 

extract ed into dichloromethane according to the method of 

Ruder , Guy and Lipsett  ( 1 972) , and aliquot s as sayed directly . 

The method of assay was s imilar t o  the progest erone method 

' of F airc lough , Hunt er and We lch ( 1 975 ) . Ant iserum , a gift 

from R • .  s .  F airclough , Ruakura Animal R e search Stat ion , was 

used at a dilut ion of 1 in 2000 . 1 ,  2 ,  6 ,  7-3H-Cort isol  

was purchased from the R adiochemical Centre , Amersham , and 

used at a dilut ion of  0 . 4  �C i/ml . Samp les  were assayed at 

randor.1 and , aft er separat ion , precip it at e s  were c ounted in 

a B e ckman LB 350 Liquid Scint illat ion Count er . 

The spe c ificity of the ant is erum was det er

mined from the cro s s -react ion with other st eroids . The 

result s ( T able VIII ) showed a 10 percent cros s-reaction 

with cort isone but less  than 1 percent cro s s-react ion for  

all other steroids t ested . D ilut ion of plasma samp l e s  and 

recoveries of st ero id added t o  plasma samples  showed that 

over the central part of the standard curve the assay was 

reproduceable and s amples  were parallel  t o  the standard 

curve . Therefore , all samples with level s  great er than 

1 00 ng/ml were dilut ed to l ie within the range of 1 0-1 00 ng/ml. 
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TABLE V I I I : Cro ss-react ions of st ero ids with the anti

serum used in the radio-immunoassay for 

plasma cort isol  ( court esy of P .  Evans , Depart

ment of B iochemistry , Massey Univers ity) . 

Compound Cro s s -react ion a (76 )  

C ort isol  1 00 

C ortisone 9 . 6  

Deoxycort isone 0 . 9 

Tetrahydrocort i s o l  < 0 . 5  

Tetrahydrocort isone < 0 . 1  

1 7a OH - progesterone < 0 . 1  

Proge st erone < o . 1  

Betamethasone < o . 1  

A ldo sterone < o . 1  

Testost erone < o . 1  

Androst enedione < o . 1 

E st radio l  - 1 7 f3  < 0 . 1 

a C ro s s-react ion calcu l ated from ( x/y) x 1 00 

\1/here x is the mass of an unlabelled ant igen required 

to d isplac e 5 0% of bound lab e l l e d  ant igen ; 

and y is the mass of cross-react ing ant igen required 

to displace 5�6 of bound lab e l l e d  antigen . 



Analysis  of e st imat e s  of samp l e s  repe at ed in s everal 

assays showed no stat ist ically s ignif icant difference 

b etween est imat e s  ( P > 0 . 1 ) . 

2 . 2 . 5  Plasma Insulin A s s ay :  

69 

A double ant ibody radio-immunoassay for  

measuring p lasma insulin leve l s  was deve loped j ointly with 

G . Woolley , Dairy Husbandry Department , Mas sey University . 

S imilar as says employing the s ame ant iserum were used t o  

measure p lasma leve ls o f  both p orc ine and b ovine insulin .  

Ant ibodies a�ainst insulin were rais e d  in 

guinea p igs  immunised with e ither po lymerised insul in or 

insulin conjuga�ed to  thyroglobulin . Porc ine insul in 

(Schwarz/Mann , Lot No . 22-1 1 23 , p ot e ncy 25 . 6  IU/mg) and 

bovine insul in ( S iGma Chemical Co . , Lot No . 1 21C-1 350 

26 . 4  IU/mg) were conjugated to t hyroglobulin by the method 

of Frohman , Re ichlin and Sokal ( 1 970) and bovine insulin 

( Bigma Chemical C o . , Lot No . 1 21 C- 1 350 26 . 4  IU/mg) was 

polymerised with diethylpyroc arbonat e according to the 

method of Wolf , Lesnaw , and R e ichman ( 1 970 ) . 0 . 25 mg of  

hormone preparat ion , emulsified with complete  Freunds 

adjuvant , was inj ected into guinea p igs at mult ip l e  sub

cutaneous s it e s . Inj ect ions were given at approximate ly 

monthly interval s for 4 t o  6 months . Booster inj ect ions 

of the free hormone in sterile saline were then g iven and 

ant iserum colle c t ed by heart puncture 7 to 10  days later . 

All animals produced antiserum whi ch reacted with free 

insulin but one animal ( Guinea  pig 7) inj e c t ed with the 

polymerised insulin produced ant i s erum of h igh t it er whi ch 

was used exclusively in the as say .  
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1 25 r- labe lled insulin was prepared by the 

chloramine T method with the modificat ion that bound and 

free radioact ivity were separated on powdered cellulo se  

columns (R . A .  Donald , personal communicat ion2) .  1 25r 

insulin was dilut ed and stored frozen  until use . 

Evidence  from studie s of the b inding of s tan

dard insulin , in the absence of added prot e in , and with 

differing concentrations of bovine serum albumin , sugge s t ed 

that prot e in concentrat ion was important in the relat ion-

ship between the b inding of st andard insulin and insul in 

in p lasma s ample s . The similarity of insulin structure 

between spec ie s  precludes the use of untreated plasma from 

other spe c ie s  to  equalise protein concentrat ions betwe e n  

st andards and unknowns . Therefore , s everal methods of  

removal of insulin from plasma were t e st ed .  Molecular 

s ieving throuc;h a Diaflow ultrafiltrat ion Nembrane Ph 1 0  

(Amicon Corp orat ion , U . S .A . ) ,  high pH treatment , and char

coal  stripp ing methods were employed , but plasma treat e d  

\·Jith a high pH o r  passed through an ultraf iltrat ion membrane 

s ignif i c ant ly inhibited the binding of  the labe lled hormone 

t o  the ant iserum . 

Therefore , a pool  of heparinised 

porcine plasma was co llected from �he Longburn freez ing 

vJorks . The plasma v1as stirred for 1 h ,  at 4° C ,  with 1 0  

percent b y  we ight of  decolourising charcoal ( I•lay & Baker 

Ltd . ) .  Aft er the charcoal was mixed with the plasma , many 

f ine part icles of  charcoal pas sed through I:Jatman No . 1 

2 Dr . R . A .  Donald , Princess  Margaret Hosp it al , Christ
church ,  New Z e aland . 
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f ilter  paper , and the plasma was spun at 1 3 , 000 r . p . m .  for 

45 min in an '£11 . S . E .  high- speed centrifuge . The supernatant 

was decanted and stored frozen . B efore use in the as say , 

all diluent plasma was passed through a 6 � filt er ( Ult ra

f iltrat ion Eembrane DP0 6 , Amicon Corporat ion , U . S . A . ) .  

The pro cedure used in the assay is shown in 

T ab l e  IX . The as say was carried out in 3 ml plastic LP 3 

tube s ( Luckham Co . , England) , and the first addit ion to  all 

tub e s  was 0 . 1 5 ml of buffer containing 36 diluent plasma . 

All  tubes were shaken b efore further addit ions to  minimise � 

any non-specific binding of prot e in to  the as say tubes ;  a 

step which considerably reduced variat ion between dup licat e  

e st imat e s . 

Throughout the deve lopment of both the porcine 

and bovine insulin assays , dilut ion of plasma samples  

yie lded slope s  differing from the s lope of the  standard 

curve . Small numbers of samples  were used during develop

ment , and at the t ime of me asuring the plasma samples  it 

was thought that problems of non-paralle l s lope s  betwe en 

standards and unknoHns had been overcome . St andards were 

made up in charcoal treat ed p lasma and 0 . 05 ml of standard 

assayed in t riplicate  at each po int . Two dilut ions of 

each plasma sample ( 0 . 025 ml and 0 . 0125 ml ) were assayed 

in duplicat e , and charcoal treated plasma was added to  all 

tubes  to  equalise the protein concentrat ion . All the 

p lasma samples from one animal were included in the same 

assay .  

In the stat i st ical analysis it  was assumed 

that " dilut ions " was a f ixed variable . The result s of 

analys is of the individual assays are shown in Table X .  
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TABLE IX : Reagent s  and procedures used in the radio-

immunoas say for porc ine plasma insulin . 

Day 

1 150 �1 

100 �1 

Reagent 

P . B . s . 1 pH 7 . 4  0 01M EDTA
2 

with 
C;6 Diluent Plasma3 . 

Dilut ed Rnknown Plasma or 
St andard made up in diluent 
plasma . 

Guinea Pig � Globulin 15  �g/ml 
and First Ant ibo dy ( ant i-insulin 
serum) at init ial dilut ion of 1 

C ondit ions 

Room 
Temperature 

in 20 , 000 made up in P . B . S .  pH 7 . 4  
0 .  01h ED'J:A with 2'}6 diluent 

2 

3 

plasma . 

50 1-11 1 25I - Porc ine Insulin5 dilut ed 
in P . B . S . pH 7 . 4  0 . 01M EDTA with 
25!; diluent p lasma . 

50 �1 Ant ibody against Guinea Pig }/ 
Globulin dilut ed 1 in 2 with 
P . B . S .  pH 7 . 4  0 . 01M EDTA . 

6 All tub e s  spun at 2000 r . p . m .  
for 3 0  min at 4° C and supernat 
ant asp irat ed . Pre c ip itat e s  
c ount ed in a Packard Auto � 
Counter , Mode l 5285 . 

1 Pho sphat e Buffered Saline . 

2 Ethylenediaminetetra-acetate . 

Room 
T emperature 

Transferred 
to 4° C 

3 Charcoal stripped Porc ine p lasma . See t ext for de scrip
t ion of method . 

4 Insul in St andard . Porc ine Insulin . Schwarz/Mann. Lot No . 
22-1 123 Potency 25 . 6  IU/mg . 
34 mg were \'ieighed into  a siliconised glass vial ( Cahn 
E lectrobalance ) , dissolved in 0 . 5  ml of 0 . 003N HCl , and 
diluted with P . B . s . pH 7 . 4  10% diluent p lasma cont aining 
500 IU/ml Tracylol (Bayer Pharmac eut ical C o . ) .  Standards 
from 0-6400 pg/ml were inc luded in each assay .  

5 Porc ine Insulin was iodinated by a chloramine T method .  

6 Ant iserum t o  Guinea Pig �Globulin raised in sheep . 
See Radio-immunoassay for Growth Hormone for details .  
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TABLE X :  Variance component s from the analyses  of indiv

idual insulin as says . 

Assay 1 A s say 2 Repeat 
Assay 1 

Between samples ( s ) 0 . 08366** 0 . 07714** 0 . 04767** 

Betwe en dilut ions ( d ) 0 . 01 295** 0 . 00088 0 . 00352** 

within s 

Between duplicat e s  0 . 00762 0 . 00982 0 . 00663 
within d & s 

** p < 0 . 01  

The  f irst assay with samples from p ig s  3 -26 

and 3-27 showed a lack of paralle lism that was st at istically 

s ignif icant . The varianc e bet ween dilutions within samp les  

account ed for  1 2  percent of  the  t otal variance .  The f irst 

assay was repeat ed us ing s imilar concentrat ions of al l 

reagent s , except that the prot e inase inhib itor Tracylol 

( 100 IU/ml , Bayer Leverkusen , Germany) was included in all 

tubes , to prevent labe l damage by the act ion of protease s .  

The difference between dilut ions was still  

signif icant ( P  < o . 01 ) , but the proportion of varianc e 

involved was halved .  The difference betwe en dilut ions 1n 

the second assay was not stat istically significant . A lthough 

the variance of duplicat es in the second as say was a little 

higher , the variance between dilut ions within samples  was 

one quarter of that in the repeat of assay 1 .  

The equilibrium s ituation , le ading t o  the 

final e st imate of bound count s in a radio- immuno as say , 

repre sent s  a complex sequenc e of chemical react ions . The 
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sub j e ct has b e e n  d i s cu s s e d  in R adio immuno a s say M e t hods , 

edit e d  by K irkham and Hunt e r  ( '1 971 ) .  i''lany fact o r s  c ould 

c o nt r ibut e to the lack o f  para l l e l i sm but are rul e d  out 

b e c au s e  the e f f e c t  wa s always 1n one d ir e ct ion . Undilut ed 

s amp l e s  gave h igher e st imat e s  of hormone c onc e ntrat ion 

than s amp l e s  d i lut e d  with char c o al - s t r ipped p lasma . 

D if f e r e nc e s  in the b inding of the purif ied 

insul in or insul in p r e s e nt in p lasma s amp l e s c ould have 

r e sult ed in diff erent s lop e s  f or the s t andards and unkno \vns . 

H ov.Jever , it app e ar s  unl ik e ly t hat such diff e r e nc e s  contri

but e t o  the l a c k  o f  p ar a l l e l i sm s inc e i t  i s  pre sent with 

some samp l e s  but not others . 

T n e  pre s en c e  of comp l ement in some plasma 

samp le s  may int e r f e r e  with the r e a c t i o n  b e twe e n  the ant i

b o dy and t h e  p re c ip it at ing s e ra , c au s ing erroneously high 

e s t imat e s  o f  hormone c onc ent rat ion . Addit ion o f  EDTA t o  

all tub e s  i s  thought t o  overc o me the p r o b l e m  o f  c o mp l ement . 

The as say v.ras carried out in the pre sence of 0 . 01r1 EDTA 

(Table  IX) , and highe r  conc entrat ions of EDTA had no further 

effect in the assay .  

Small  amount s o f  charcoal in the diluent 

plasma could have remo ved lab e lled insulin and contributed 

to the lack of parallelism . H owe ver , all diluent plasma 

was passed through a 6� filter before use  in  the  as say , and 

if any charcoal v,ras st ill present it should have affect ed 

all samp le s .  Errors in pipett ing appear unlikely because  

they should have increased the variance between duplicates , 

although systemat ic errors at the low dose cannot be  ruled 

out ent irely .  

The effect o f  u s ing the comb ined e st imate 
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from both dilut ions re sulted in a differenc e of 32 pg at 

500 pg/ml or 1 60 PS at 2500 pg/ml , a difference of 6 per

cent from those  obt ained by us ing the e st imate at e ither 

end of the scal e . Based on the variance between duplicat e s , 

within dilut ions and samp les , for the repeat of assay 1 ,  the 

least-significant -difference that c ould be  det ected ( at 

the 5% l eve l of s ignif i c anc e )  betwe en samples  was 1 90 pg/ml 

at 500 pg/ml and 950 p g/ml at 2500 pg/ml . 

Therefore , it was considered that the lack 

of parallelism , although st at ist ically s ignif icant , was not 

a maj or sourc e of error within the assays . In addit ion , 

all samp l e s  from the same p ig were included in the same 

as s ay and the ran�e of p lasma insulin was very s imilar t o  

valu e s  report ed elsewhere (Anderson , 1 973 ; Anderson , 1 974 ; 

f'1achl in , Horino , Hert elendy and Kip inis , 1 968 ) . The me an 

rec o very of insul in added to five samples  was 1 05 percent 

with a range of 95-1 14 p erc ent . 

In each as say , three stock s amp l e s  were 

inc luded at three  p o s it ions within the assay . The stat is

tical analysis of the e stimat e s  obtained is  shown in 

Tab l e  XI . The three s ample s  inc luded showed a s ignif icant 

diff erence bet\·Je en dilut ions which has been  discussed above . 

The f irst order int eract ion b etwe en samples  

and as says was also st atistically significant , although it 

represented only about 4 percent of the total variance .  

The me ans for each samp le were s imilar in each assay 

(Tab le XII) . Based on the variance of duplicat es ( within 

replicat e s , dilut ions , sample s , and as says ) the least

s ignificant-differenc e s  ( 5% level of signif icance)  at 500 , 

1 000 , and 2500 pg/ml re spect ively were 283 , 567 , and 141 7 
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TABLE XI : Variance component s f�om the analysis  of stock 

BetvJeen 

Between 

s x a 

Between 

Between 

Between 

samples included at three positions in each 

insulin as say . 

Source  

assays ( a) 

samples  ( s )  

replicates  ( r) within s and a 

dilut ions ( d) within r ,  s and a 

duplicates  \vithin d ,  r ,  s and a 

p < 0 . 05 

Variance 
Component 

0 . 00000 

0 . 1 1 336* 

0 . 00548* 

0 . 00197 

0 . 00883* 

0 . 01 271 

pg/ml . The differenc e s  between e st imat es in different 

assays for all 3 sample s were less  than the l e ast-signif icant-

difference . There were no s ignificant diff erences  betwe en 

assays or the posit ions of samples within as says . 

TABLE XII : Mean e s t imat e s  of the hormone c oncentrat ions 

of three plasma pools in two d ifferent assays . 

Pool 1 Pool 2 Poo l  3 

Assay 1 964 2632 695 

A s say 2 1068 2760 462 

The cross-react ions of guine a  p ig 7 antiserum 
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wit h  p o s s ib l e  c o nt am in ant s o f  the p ure hormone preparat ion 

were t e st e d  by the addit ion of porc ine g l uc agon or chemic-

ally denat ured ins ul in t o  the as say . The dis ulphide br idge s 

o f  por c ine ins ul in ( Schwarz/Mann Lot No . 22-1 1 23 )  wer e  

reduc e d  an d ac e tylct e d  b y  oetho ds s ioil ar to tho s e  de s c r ib e d 

by J? ish , I'l a nn and T .s.af ord ( 1 9G9) modif ied t o  inc l ude 50 mH 

D i  thiothr e i  t o l  a n d  2 mJ:� J�DJ:A in the re duc t ion r e agent s . The 

reduct ion was c arried o ut at 3 7° C f or 3 h b e f ore a c etylat ion . 

The treated hormone was dial yse d acainst de- ionis e d  wat e r  

an d lyophy l is e d. Po lyacrylam ide e e l  e le ctrophore s is showe d  

that t he re act io n  went t o  comp l e t ion . Porc ine cluc agon 

( Lot No . TL:.'' 599 J;_ , .2 l i  i.J illey,  I n dianap o l is ,  U . S .A . ) and 

the chemically denatured insul in p reparat io n  were dis s o lve d 

in buffer cont a i� inc 1 0  percent of the charcoal-t r e at e d  

plasma and the prot e inas e  inh ib it o r  t racyl o l  ( 1 0 , 000 IU/ml , 

Bayer Leverkusen , Ge roany) , and inc l ude d in the as say t o  a 

conc entrat ion of 640 ns/nl . N e it her preparat ion showe d an y 

inh ibit ion of t h e  bin dinc of 1 25 r - ins ul in w it h  g uine a  p ig 

7 ant is e rum . I n  th is c ont ext , altho ugh the i-.rord immuno -

react ive has not b e e n  inc luded throughout t he text , it is  
r e c o c;n is e d  that ra dio- imo uno as s a y s  oeasure immunoreact ive 

compounds pre s e nt in p l asma as dist inct from b iologically 

act ive compounds . 

2 . 2 . 6  Plasma GrOi·rth H ormone A s say :  
During the deve lopment of  the radio-immuno

assay for porc ine growth hormone ( pGH ) , cons iderab l e  t ime 
was spe�t in reso lving diff icu l t ie s  surrounding the poor 

aff inity of antiserum for 1 25 rodine-labe ll ed pGH . A s  
problems o f  this nat ur e  may b e  more wide spread than one 



might infer from reading the lit erature , they will be 

discus sed in some detail . 
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pGH . used throughout was a gift from Prof . A . E .  

W ilhelmi , Department of B iochemistry , Emory University , 

Atlanta , Georgia.  Two preparat ions were used : NIH GH P 526 B 

( porc ine ) , with a spe c if ic act ivity of 2 . 0  IU/mg , was used 

for labelling and as a standard ; NIH GH P 501  B ( porcine ) , 

with a specific  �ct ivity of 0 . 7  IU/mg , was used to  raise 

ant iserum against pGH . in guinea pigs . 

F ive guinea pigs  were given monthly inject ions 

of e ither free pGH . ( three animal s ) , or pGH . conjugated t o  

bovine serum albunin (Frohrnan e t  al . , 1 970 ) . Both hormone 

preparat ions were emuls ified with complete Freunds adjuvant 

and inj ected at mult iple  subcutaneous s ites . F o l lowing a 

course of six inj ect ions at monthly int ervals ,  a booster 

inj ection of fre e pGH . in normal saline was administered and 

serum collect ed by heart puncture 7-10 days lat e r .  Three of 

the antisera produced showed a reaction with pGH . in Oucter

lony and b inding of labe lled pGH . One ant iserum in part icular 

showed a strong react ion with1 25 r-labe lled pGH . , which c ould 

not be repeated with any sub s e quent preparat ion of 1 25I-pGH . 
On arrival , fraction P 5 26 B was opened and 

iodinat ed product s of high spe c if ic activity were obt ained 

by the chloramine T method , used succ e ssfully with ovine 

and caprine growth hormone (Hart , F lux , Andrews and McNe illy , 

1 975 ) . However , several months later  when the same methods 

were used , there was almost no incorporation or radioactive 

iodine onto the hormone molecule . Betwe en iodinat ion 

att empt s ,  the pGH . was store d  st 4° 0 in a des iccator.  W ith 

some fract ions of ovine grqwth hormone problems of iodinat ion 
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were overcome by prior tre atment in 21"1 urea ( Hart et al . , 

1 975 ) , re sult ing in a stable , immunoreact ive product . 

Ure a treatment of pGH . prior t o  iodinat ion gave a mode st 

increase in the specific act iv it ie s  of the iodinated  product . 

However , variable re sult s in the reaction of the iodinated 

hormone with the ant iserum raised against pGH . c ast doubt s 

on the stability of the iodinated product , and the gel f il-

trat ion b ehaviour of the lab e lled hormone was examined . 

A 50 cm Sephadex G-100 column ( Pharmacia) , 

e quilibrat ed with 0 . 025M b orate buffer ( pH 8 . 4) , was cali

brated with proteins of knov.rn mole cular we ight (Andrews , 

1 965 ) . A fract ion of 1 25 r-labelled pGH . (P  5 26 B ) , stored 

at -20° C for 5 we eks , was app l ied to the t op of the column 

and e lut ed . Fract ions of 1 ml were collected and count ed 

in a Philip s  JV count er , and the results are shown in F ig .  

1 1 . The major peak of radioact ivity eluted at or near the 

vo id volume of the coluon , indicat ing that the protein with 

\vhich the radioact ivity Has associated, had an apparent 

molecular we ight greater than 1 00 , 000 . The molecular 

we ight of pGH . given by Frieden and Lipner ( 1 97 1 )  is 41 , 600 , 

and it is likely that the large mole cular He ight spec ies  

repre sented  aggregated pGH . and may not have been  immuno

reactive ( Schwart z and Bat t , 1 973 ) . 

125rodine was obtained from the Radiochemical 

Centre , Amersham , England , and there was about 1 month ' s  

delay betwe en plac ing an order and the rec e ipt of fresh 

125r . While avJait ing fre sh 1 25r ,  attempts v1ere made t o  

reverse the aggregat ion . A l iquot s o f  the aggregated hormone 

were sub j e cted to the following treatments : 4M urea for 8 

h ,  0 .  01r-1 !3-merc aptoethanol for 24 h ,  4B ure a  and 2 x 1o-4rv1 
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�-mercapt oethano l for 24 h ,  and pH 1 1  f or 45 min.  After  

the  various treatme nt s  the so lut ions were app l ie d  t o  the  

Sephadex G-100 c olumn and e lut ed in  b orat e buffer ( 0 . 025M 

pH 8 . 4) . None of the treatment s used had any detectab l e  

effe ct o n  the e lut ion profile o f  the prot e in .  I t  is 

p o s s ible that reass oc iat ion during the running of the 

column may have masked effect s of the reagent s , but it was 

c oncluded that for practical purp o s e s  the aggregat ion was 

irrevers ible . 

A further aliquot of P 526 B pGH . was iodin-

at e d  with a fresh batch of radioactive iodine . The react ion 

m ixture was divided and the prot e in and salt fract ions 

separat ed on two Sephadex G-50 columns , one c o lumn e lut ed 

in borat e buffer ( 0 . 025h pH 8 . 4) , and the other column 

e lut ed in b orat e buffer ( 0 . 025� pH 8 . 4)  in the pre sence of 
-4 2 x 10 N � -mercapto ethano l . An aliquot from the f irst  

p eak off  e ach of  the  co lumns was further chromat ographe d  

on the calibrat ed Sephadex G - 1 00 c o lumn . The remainder o f  

b o t h  prot e in peaks was divided i n  two and stored at e ither 

4° or -20° C .  

F ig . 1 2  shows the e lut ion profiles  for the 
1 25 1 -pGH . e lut e d  in borate  buffer b efore and after storage 

at -20° C .  The p att erns were s imilar for both buff ers and 

b oth storage t emperature s . The f our storage condit ions 

had no s ignificant effect on pre s erving the c entral p eak , 

and it was clear t nat when  urea  vJas used as  a solvent prior 

to iodinat ion , the iodinated product from P 526 B showed 

c onsiderable aggregat ion im�ediat e ly after  iodinat ion . The 

c entral peak , probably corre sponding to immunoreact ive 

hormone , was destroyed aft er 3 we e ks of st orage . 
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The high degree of aggregat ion following 

iodinat ion raised que st ions about the stat e  of the fre e z e -

dried hormone preparat ions . The presenc e  of aggregat ed 

hormone in a sample  of human growth hormone prepared by 

s imilar methods has caused difficult ies  with iodinat ion 

(A .� . Wilhe lmi , personal communicat ion3 ) . Column chroma-

t ography of P 526 B would have required the t ot al sample 

available , and a 5 m g  fraction of P 501 B was dissolved in 

borate buffer ( 0 . 025N pH 8 . 4) and chromatographed on 

Sephadex G-100 . Fract ions of 0 . 5 ml were colle cted and 

read at 278 nm on a unicam SP 500 spectrophotometer . The 

e lut ion profile is shown in F is . 1 3 .  A small p eak of aggre-

gat e was pre sent at the vo id volume , but the majority of 

protein appeared in a single  large peak with an apparent 

mo lecular we icht of 40 , 000 , which corresponds to the e s t imat e 

of 41 , 600 given by Fr ieden and Lipner ( 1 971 ) .  Fract ions 

from the protein peak were pooled and dialysed first against 

de-ionised wat er and then against 0 . 01M ammonium bicarbonate 

before be ing freeze-dried . 

An aliquot of the freeze-dried material was 

dissolved in 4N urea and iodinat ed using p reviously de scribed 

methods . After  s eparation of the protein and salt p eaks , 

an aliquot of the prote in p eak was chromatographed on the 

G-100 Sephadex c o lumn. The e lut ion pattern is shown in 

Fig. 14  with an e lut ion patt ern of another aliquot of the 

same iodinated mat erial afte r  storage at -20° 0 for 3 9  days . 

Aft er storage a third peak of breakdovm products appeared , 

but the major peak of radioact ivity ran in the same p o s it ion 

as the original hormone both before and after storage . 

3 Prof . A . E .  W ilhe lmi , Department of Biochemistry , Emory 
University , Atlant a ,  Georgia , U . S.A. 



Sub sequent ly , H . l" . •  Gray ( Dairy Husbandry 

Dep artment , r·,'lassey University) studied the migrat ion of 
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P 5 26 n and another sample of pGH . (porc ine somat otrophic 

hormone , Lot No . L �00521 , B grade , Calbio c hem , Cal ifornia) 

in a po lyacrylamide -ge l-e le ctrophore sis  syst em . The maj or

ity of the prote in from fract ion P 526 B ran in a single 

we l l-defined peak ( 54% ) . One narrow peak of higher mole

cular we ight ( 1 7� )  and a broad b and of lower molecular 

v1e ight ( 1 9JS ) acc ount ed for the remainder . 

In contrast , the fract ion o f  pGH . purchased 

from C albiochem e luted as a broad band of  prot ein , covering 

a large range of  mo le cular we ights , with only poorly 

def ined peaks . Standards made from the mat erial caused no 

inhibit ion of the binding of 1 25 1-pGH . -P 526 B with the 

ant iserum to pGII . used in the assay . 

One disturb ing feature of the 1 25 1-labelled 

pGH . P 501 B fract ion was a complete  lack of any reaction 

with the ant iserum raised in guinea p igs . Therefore , 

def init e probl ems e�ist ed with the iodinat ion of  the more 

highly purif ied Growth hormone preparat ion , and the ant i

serum produced was of unknown quality . In an att empt t o  

resolve the i s sue of ant iserum quality , Dr . E . D .  Aberle o f  

Purdue Univers ity was approached for advic e  and as sistance .  

He kindly donat ed an aliquot of ant iserum t o  pGH . ( l\1arple 

and Aberle , 1 972) , which was u sed for the remainder of the 

pro j ect . 

Bills  and Wilhe lmi ( 1 972 ) reported that pGH . 

may be more c lo s e ly re lated t o  human growth hormone than to  

ruminan� growth hormone . Therefore , the method of iodinat ion 

of Greenwood , Hunter and Glover ( 1 963 ) , as modified for 
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human GH at Otago  Hospit al (A . McCaw , personal c ommuni

cat ion4 ) ,  was used to  iodinat e the pGH . The main differ

enc e s  b etween the Otago method and the previously de scribed 

method were the use of 0 . 003 N HCl to dissolve the hormone 

bef ore iodinat ion and the use of pho sphat e rather than 

borat e buffers t hroughout the proc edure . The method yie lded 

lab e lled pGH . with acceptable spe c if ic act ivit i e s . After 

storage at  -20° 0 for 5 days three peaks were pre sent in 

the e lut ion prof ile off dephadex G-100 (F ig . 1 5 ) : a peak 

at the vo id vo lu�e , a oajor c entral peak , and a p e ak of 

very small 80l e cular we ight which probab ly repre sent s  

breakdown product s of the hormone . Provided that the 

labelled  hormone vas chromato3raphed on Sephadex G-100 

before u s e and only mat erial f ro� the central p e ak u s ed 

in the as s ay , fraction N IH P 5 26 B pGH . labelled  by the 

method for human GH proved quit e s at isfact ory in the 

as say syst en . 

The final assay rout ine for measur ing all 

samp le s u s e d  the reagent s and procedures describ e d  b y  

M arp l e  and Aberle ( 1 972) , with the f o l l owing modif ications . 

The as say was carried out in 3 ml p lastic test  tub e s  

( Luc�1am C o . , England) , and t h e  quant it ies of all  reagent s 

were  halved . The pGH . was we ighed on a C ahn e le ctrobalance 

bef ore each iodinat ion , and 1 25r from the Radiochemical 

Centre , Anersham , was used for the iodinat ion . The react ion 

of f irst ant ibody with standards or p lasma s amp l e s  was 

c arried out at room t emperature , and the f irst ant ibody was 

used at an initial dilut ion of 1 in 128 , 000 . 

The assay rout ine is shown in T able XIII . A 
standard curve ( 0 . 5  - 64 ng/ml )  was run with e ach assay . 

4 A .  M c C aw , Otago Hosp ita l , Dunedin , New Z e aland . 
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TABU XIII : The reagent s  and proc edure s used in the 

rad i o - immuno assay for porc ine growth hormo ne .  

Day Reagent C ondit ions 

1 
� 2 

3 

5 

1 150 �l P . B . S . 1 0 . 05G pH 7 . 4  1% B . 3 . A . 2 Room 

2 

3 

1 00 �l samp le or st andard 3 
1 00 �l f irst ant ib ody dilut e d  t o  1 in 

1 28 , 000 in P . B . S . with 1 in 40 
Normal Guinea Pig S e rum 

50 �l 1 25 I-pGH . 4 dilut ed in P . B . S .  
with 1�j B . B . A . 

50 �l ant ibody against Gu inea P ig d 
Globul in5 dilut e d  1 in 2 with 
P . B . S . 

Temperature 

Room 
T empe rature 

Transferred 
to 4° C 

6 A l l  tube s spun at 2000 r . p . m .  for 30 
min at 4° C and supernat ant asp 
irat ed . Pre c ip it at e s  c ount ed 
in a Pac kard Aut o % C ount er , 
mod e l  5 285 . 

Pho sphat e Buffered Sal ine . 

B ovine Serum A lbumin ( 3igma Che�ical C O . , F rac t ion V ) . 

N IH P 526 B 5 9 . 3  �B we ighed on a Cahn B lectrobalance , 
di s so lved in 0 . 5  ml 0 . 003 � HC l ,  and dilut ed to 1 2 , 800 

1 ne;/ml in P . B . S . c o nt aininG 1 o;s Exp ired Human Plasma . 
1 A l iquoted and s t o red at -20° C unt i l  use in the as say . 
1 25 I-pGH . was chromatographe d on Sephadex G-100 just 

bef ore use , and the peak c o rresp onding t o  mono mer
label led hormone used in the as s ay .  

Ant ib o dy against Guine a Pig -r Globulin was raised in 
sheep to a p rep arat ion of G u inea Pie Globulin prepared 
by st andard s a lt pre c ip it at io n  methods . 4 - 5 fort
night ly injec t i o ns of 5 m g  of Guinea Pig � G l obul in 
emul s if ied with complete Freunds adjuvant were given 
followed by a booster do se of free Guinea Pig � Globulin 
prior to  s e rum c ollect ion via jugular puncture . 
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A l l  samp les were run at two dilut ions in duplicat e , and 

thr e e  stock samp le s  were inc luded in each as say at three  

p o s it ions . 

The spe c if i c ity of the ant iserum has been 

de s c ribed previous ly (Iiarple  and Aberle , 1 972) . The assay 

gave a reproduce able  st andard curve , sensit ive to  below 1 

ng/ml . Above 2 ng/ nl the di lut ion of plasma samp l e s  gave 

s imilar estimat e s  for the pGa . c oncentrat ions of the plasma 

s ample s .  The analy s e s  for samp l e s  al)OVe 2 ng/ml in both 

ass ays is  shown in Tab le XIV . There were no s ignificant 

deviat ions from p aral lel ism . 

TABlli XIV : V ariance c omponent s from the analyses  of 

s amp le s  above 2 ng/ml in the individual pGH . 

as says . 

Between samp l e s  ( s ) 

B etween dilut ions ( d) within s 

B etween duplicat e s  \>Jithin d and s 

A s say 1 

0 . 03840** 

0 . 00009 

0 . 001 87 

** p < 0 . 01 

A ss ay 2 

0 . 03097** 

0 . 00056 

0 . 00";27 

Be low 2 ng/ml , dilut ed samp l e s  gave higher 

e st imates of  the  concentrations of  pGH . in the  plasma 

sample s  than did undilut ed sample s , and therefore only t he 

est imates  from the undiluted sampie s  were used for samples  

with low pGH . concentration. The e st imat e s  appeared t o  be  
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reproduceable from sample t o  s amp le and as say t o  assay .  The 

3 stock p l asma samples  inc luded in each assay were all  

b e low  2 ng/Ill.l ,  and the analys is is shown in T ab l e  XV . The 

variance b etween sample s  was highly significant (P < 0 . 01 ) , 

but there were no s ignificant differenc es between s ample s 

me asured in different assays or included at d iff erent 

p o s itions within the same as say . Based on the e st imate of 

dup l ic at e s  within replicat e s , samp le s  and ass ay s , the l e ast

s ignif i c ant -diff erence ( 5% leve l of s ignif icance ) at 1 ,  10  

and 20 ng/ml leve ls respect ive ly was 0 . 1 , 1 and 2 . 1  ng/ml . 

TABLE XV : Variance component s from the ana ly sis  of stock 

samp l e s  included at three po s it ions within 

each pGI-I . a s s ay .  

Source 

B etwe e n  assays ( a) 

Between sample s ( s ) 

s x a 

Betwe en replicat e s  ( r) within s and a 

B etwe en duplicat e s  with in r ,  s and a 

p < 0 . 01 

Var iance 
Component 

0 . 00260** 

0 . 00062 
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OBSERVATIONS ON HORI'·IONE AND HETABOLITE LEVELS 

IN PIGS FED A TRYPTOPHAN DEFICIENT OR SUPPLE

I'·JENTED DIET : 

I'1ATERIALS AND I�JETHODS : 

Animals and Experimental Procedures :  

Four cross-bred barrows ( average init ial 

start ing we ight 29 . 5kg)  were housed in individual metab o lism 

crat es  under the same environmental condit ions as those  de s

cribed for the experiment on fe eding patterns ( 18 + 1° C and 

10 h light , 14 h darkne ss ) . Water  was free ly available at 

all time s .  

T o  follow the meal dependent change s  in p lasma 

hormone and metabolite  levels , in ad lib itum fed animals , a 

large number of plasma sample s would be  required . Analysis 

of the fe eding patt erns of p ig s  fed the tryptophan defic ient 

diet indicated that a decrease in meal siz e  accounted f or 

most of the depre ssion in food intake . Therefore , the p igs 

were trained to eat the ir dai ly intake in a two hour period 

between 0900 h and 1 100 h. B lood samples were t aken before , 

during, and after the meal in order to compare the effect s  of 

the tryptophan deficient or supplemented diet s on chang e s  

in blood met abolit e  and hormone concentrations over the 

f e eding p eriod. 

The p igs were moved into the met abolism crat e s  

and adapted to  the 2 h feed ing regime during t h e  following 

10 days . After 10  days , food intake s had stab il ised and 

the p igs were catheterised prior to commenc ing the sampl ing 

experiment . The cathet ers were maint ained for 17  days . 
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The p igs were fed the  two diet s ,  alternat ing 

e ach 5 days , in a reversal de s ign s imilar to that used in 

the experiment on f eeding pat terns . Blood samples  were 

c o llected on the s e cond and f ifth day in each p eriod . The 

exp erimental design is summarised and pre sented in Table XVI .  

2 .3 . 1 (ii) Catheterisation : 

Init ial attempts at c atheterisat ion , via the 

medial ear vein ( Shearer and Neal , 1 972) , proved unsat is

f actory for the  we ight range of p igs used in the  experiment s .  

Animal variat ion in the siz e of the medial ear vein made it 

difficult to introduc e cathet ers into the ve in in all c ase s .  

More important ly the cathet ers att ached t o  the ear were a 

constant source o f  irritat ion to  the animals ,  part icularly 

while sampling . As a conse quenc e , it was not possible t o  

maintain catheters  longer than a few  days . 

Therefore , the ext ernal jugular vein was 

catheterised under general anae sthe sia using methods s imilar 

to tho se  de scribed by Harris ( 1 974) , and W ingtield � �· 

( 1 974 ) . Anaesthe s ia was induced by direct inhalat ion of 

8 - 10% Fluothane ( I . c . r .  Australia Ltd. ) through a flexible  

rubber face mask , and maintained under the same system with 

2 - 4% F luothane . Excess  rubber on the face mask was 

clamped  off t o  provide a t ight fit . After  preparat ion for 

surgery , an incis ion was made and the external jugular vein 

loc ated (Wingfield � �. , 1 974) . The jugular ve in was 

temporaril� o ccluded ; and a medical grade Silastic tubing 

catheter ( internal diamete� 1 . 02mm and external diameter 

2 . 1 6mm , Dow Corning Corporat ion) , with two e lastomer collars 

8crn from the distal end , was insert ed through a purse string 
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TABLE XVI Details of the " cross-over des ign11 , including 

blood sampling days , used for the experiment 

on the effects  of a tryptophan def icient or  

supplement e d  diet on blood metabolit es  and 

hormone s .  

Day Diets  Experiment al Procedure 

Treatment 1 Treatment 2 

1 Supp lement ed Supplement ed C atheterisat ion 

2 11 1 1  

3 Supplement ed Def ic ient 

4 1 1 1 1 Blood sampling 

5 1 1  1 1  

6 1 1 1 1  

7 11 11 Blood sampling 

8 Deficient Supplement ed 

9 11 1 1  Blood sampling 

10 11 11 

1 1  1 1  1 1  

12  1 1  " Blood sampling 

1 3  Supplement e d  Deficient 

14 1 1  1 1  Blood sampling 

15 11 1 1  

16 11 11  

1 7  1 1 " Blood sampling 

..:· ' 



95 

suture . The cathet er was checked for pat ency and the purse 

string suture t ied off betwe en the e lastomer collars . A 

trocar was passed subcut ane ous ly around the neck from the 

p oint of  incision to a po int about 6cm out from the centre 

of the ear . A loop of c athet er was t ied off at the point 

of inc is ion , to allow for  movement of the nec k , and the 

c athet er  passed up through the trocar and ext eriorised.  

It was then led back over the shoulder b lade s and sutured 

to the skin . The neck incision was closed , the animals 

were allowed to recover and then returned to the metabolism 

crat e s . 

During the remainder of the day of  cathet er

isat ion the catheters were inspected , checked for  pat ency , 

flushed with sterile saline and f illed with sterile hepar

inis ed saline ( 250 IU/ml) every hour or so . After the 

f irst day , the cathe t ers were checked twice daily .  I n  the 

morning the catheters were f illed with heparinised saline 

and in the evening they were filled with a solut ion of Tri

plopen ( Glaxo Laboratorie s ( N . Z . )  Ltd . ) in sterile heparin

ised sal ine , to prevent any occlusion of the catheter caused 

by infect ion . 

2 .3 . 1 ( iii) Blood Sampling: 

The c atheters were checked e ach morning at 

081 5  h .  On sampling days , two baseline samples  were t aken , 

at 081 5  h and at 0845 h .  The pigs were allowed access  t o  

the feed b ins at 0900 h and samples  taken at half-hourly 

int ervals unt il the end of f e eding at 1 1 00 h .  Two further 

samples were taken , one hour after the end of the f e eding 

p eriod at 1 200 h ,  and three hours aft er the end of the 
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feeding period at 1 �00 h .  

1 0  ml samples were collected into hepar inised 

cont ainers ,  mixed and immediat e ly c entrifuged . The p lasma 

was separate d ,  two aliquots t aken for prote in pre c ipitat ion 

and the remainder immediate ly fro z en for later hormone 

analyse s .  Prote in in a 0 . 1  ml sample of plasma was precipi

t at ed by the Barium Hydroxide -Z inc sulphat e method described 

by C araway ( 1 970) , for lat er  gluco s e  analysis , while 1 ml of 

plasma was shaken with 2 ml of 95% ethanol , to  denature and 

pre c ip itat e  p lasma prot e ins , for later amino acid analysis � 

( Saini , 1 971 ) . Both supernat ant s were immediat e ly frozen 

and all sample s stored at -20° C unt il assay . 

2 . 3 . 1 ( iv) Data Proc e s sing and St at istical Analysis : 

The concentrat ions of p lasma hormones were 

calculat ed from the standard curve data , us ing a comput er 

program developed from the system of analysis  de scribed by 

Burger , Le e and Rennie ( 1 97 2 ) . The program was implement ed 

on an IBH 1 620 by Prof . R . E . 1-lunford , Department of Physiol-

ogy and Anatomy , Mas s ey University . 

Pe ak areas of amino ac id chromatograms were 

e st imat ed by the "half he ight t imes width 11 C i  H x W)  method 

and converted to concent rat ions using appropriat e  colour

yie ld factors . Plasma urea c oncentrations were calculated 

from the regre ssion of absorbanc e on standard urea concen

t rat ion and plasma glucose  levels were calculat ed from the 

100mg/1 00 ml standard . 

The concent rat ions of all metabolit e s  and 

logarithmic transformat ions of hormone conc entrations in 

sample s collected at the same clock t ime , on  the same day 

, .  
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within each period , were analysed f or differences  betwe e n  

the two die t s  according to  the method o f  Brandt ( 1938) . 

The mean l eve ls of  hormones and met abolit e s , for e ach diet , 

were calculated using the method des crib ed in a previous 

section ( Sect . 2 . 1 . 1  ( v) , p. 34) . 
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RESULTS : 

The pigs recovered rap idly after the catheter

isat ion procedure and food intake s on the day aft er the 

operat ion were in the normal range for all animals .  The 

experiment commenced on the third day after catheterisation .  

The cathet ers  remained patent in  all animals 

unt il  the last day of the experiment , when the c atheter of 

one animal became blocked , prevent ing the collection of the 

last five sample s  ( p ig 3 - 29) . All other samp le s  were 

collect ed.  R e sult s from pig 3 - 29 were included in the 

ana lys is of re sult s for  day 5 ,  by us ing the algebraic sum 

of values recorded in the first two periods , for the five 

mis s ing sample s .  

2 .3. 2 (i) Food Int ake : 

Food intakes recorded during the preliminary 

period indicat ed that the pigs adapted rap idly t o  the s che

dul e  of a s ingle 2 h fe eding period e ach day . Int akes were 

low for the first t wo days but had reached stable leve ls 

by day 4 . 

F ig .  1 6  shows the mean food intakes of the 

two groups of t wo p igs given each sequence of alternating 

diets . The intake s showed a very s imilar pat tern t o  the 

corresponding f igure (F ig .  2) for the pigs fed � lib itum , 

but the day to day variat ion was considerably higher . In 

addition , the food intakes of animals fed the supplemented 

diet appeared to be  depressed on the days that blood samples 

were t aken , e spec ially in the third period . 

Considering the three periods together , t he 

effects of f eeding e ither the t rypt ophan deficient o r  

MAS i:Y UNiY�Il'! 
IJI.RAI.'£ 



2·0 

1·75 

- 1·5 Cl 
.X 
-

0 

� 
·75 

·5 

·25 

FIGURE 17 

- -----o- -o -- ---o-- -- --

2 3 4 5 
DAYS ON D I ET 

The effects of feedi'lg a tryptop,an deficient or 
supplemented diet on the mean food make of 
pigs when the feeding period was restricted to 
two hours per day. Each point is the mean 
for 6 pig days. 
• • Supplemented Diet 
cr----o Defici ent Diet 



101 

suppleme nt ed diet for 5 days are shown in F ig .  1 7 . The 

intake s of animals fed the defic ient diet were depres sed 

by day 2 and r emained low for days 3 to  5 .  The intake s  of 

animals fed the supplemented diet remained low on days 1 

and 2 and a difference in food intake s between the t wo diets  

was not evident until day 3 .  The depression in the food 

intake s of pigs f ed the deficient diet ( 21% on day 3 and 

17;6 on day 5 )  was similar to that observed in animals fed 

ad lib itum , but it was not statistically signif icant . 

2 .3 . 2  ( ii) Plasma Amino A c id Levels : 

!'-lean concentrat ions of amino ac ids in select ed 

plasma sample s are shown in Table  XVII for day 2 samples  

and Tab le XVIII for day 5 samp le s .  R e strict ions on facil-

iti e s  made it unpract ical t o  analyse the amino acid concen

t rat ions in all samp le s .  T hr e e  samp le s  on each day were 

analysed for all four p igs , b efore , during, and after the 

meal ( 0845 , 1030 and 1400 h ) . 

On day 2 ,  the basal levels of mo s t  essent ial 

amino ac ids were higher in the plasma of p igs fed the 

supplemented diet . 

during the meal . 

The l eve ls of most amino ac ids rose 

There was litt le difference between diets 

in the c onc entrat ions of non-essent ial amino acids , although 

pro line concentrat ions were cons istently highe r  in p igs 

fed the supplemented diet . This differenc e was stat istic

ally s ignificant (P < o . 01 )  in the 1030 samp le . 

The leve l s  o! all e ssential amino ac ids rose 

higher during the meal in the plasma of p igs fed the 

supp lement ed diet . The d ifference for tyrosine and total 

essent ial amino acids reached statistical s ignificance 
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TABLE XVII : Plasma amino ac id concentrations ( �moles/1 00 ml) 

in p igs fed either a tryptophan deficient o r  

supplement ed diet for two days . 

Amino Acid Sample T ime 

0845 1 030 1400 

E s sent ial amino Supple- Def ic- Supple- Defic- Supple- Defic-
ac ids mented ient ment ed ient ment ed ient 

Lysine 1 . 8 2 . 1 5 . 6  5 . 1  2 . 1  2 . 9* 

Histidine 2 . 9  2 . 4  5 . 1  2 . 8  1 . 6 2 . 1  

Threonine 4-4 . 6 36 . 0 47 . 8 36 . 1  45 . 6  3 7 - 7 

r·1ethionine 1 . 9 1 . 5 1 . 7 1 . 6 2 . 8  1 . 6 

Valine 1 6 . 9  1 5 . 2  21 . 9  1 9 . 8  20 . 8  20 . 0  

Isoleucine 6 . 9 5 . 6  8 . 4 7 . 4 7 - 3 6 . 9  

Leucine . 1 6 . 9  1 2 . 8  20 . 6 1 9 . 3  22 . 9  22 . 4  

Phenylalanine 6 . 7 5 . 6  8 . 8 8 . 2 9 . 1  8 . 3  

Tyro s ine 5 . 1  3 . 5  7 . 6* 5 . 7  7 . 4 6 . 5  

Tryptophan 2 . 2  2 . 2 5 . 9 2 . 4  3 . 0 1 . 0 

Total e s sent ial 
106 . 0  87 . 1  1 33 . 2* 108 . 3 1 22 . 6  1 09 . 5  amino ac ids 

Non -essent ial 
amino ac ids 

A spart ic ac id 1 5 . 5  14 . 7  1 7 . 9  1 7 . 2  21 . 3  1 9 . 0  

Serine + Glut a- 3 2 . 4  3 9 . 1  37 . 7  38 . 2  37 . 1  41 . 7 
mic acid 

Proline 26 . 5  1 7 . 5  42 . 9** 37 . 3  55 . 2  47 . 6  

Glyc ine 84 . 6 89 . 3  87 . 6  93 . 9  1 24 . 6  1 1 6 . 1 

Alanine 30 . 4  32 . 6  50 . 5  48 . 2  50 . 8  48 . 2  

Total non-e ssen-
t ial amino ac ids 1 89 . 4  1 93 . 1  236 . 6  234 . 8  288 . 9  272 . 6  

* p < 0 . 05 ** p < 0 . 01 



TABLE XVIII : Plasma amino ac id concentrat ions 
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( �moles/100 ml) in pigs fed e ither a trypto-

phan deficient or supplemented diet for f ive 

days . 

Amino A c id Samp l e  T ime 

0845 1 03 0  1400 

Essent ial amino Supple- Defic- Supple- Defic- Supple- Def ic-
ac ids ment ed ient mented ient mented ient 

Lys ine 1 . 6 1 . 4 5 . 7  6 . 4  3 . 0  3 . 0  

Histidine 2 . 3  2 . 3  3 - 5 6 . 1 3 . 6  3 . 0 

Threonine 30 - 5  36 . 2  3 3 - 3  54 . 8  41 . 1  42 . 9  

Methionine 1 . 6 1 . 3 1 . 3  2 . 3  2 . 6  2 . 5  

Valine 1 5 . 3  1 3 . 8  1 7 . 9  21 . 6  20 . 1  1 9 . 2  

Iso leuc ine 6 . 7  5 . 4 6 . 8  8 . 1  6 . 7  5 . 7  

Leuc ine 1 2 . 7  1 1 . 6  1 7 . 1 20 . 9  23 . 4  20 . 9  

Phenylalanine 6 . 6* 4 . 7  8 . 3  8 . 5  9 . 4** 7 . 4  

Tyrosine 4 . 3  3 - 5 7 - 1 7 . 1  7 . 8  6 . 3  

Tryptophan 2 . 3  1 . 5 6 . 7  3 - 3  5 . 0  0 . 9  

T otal e s sent ial 84 . 0 81 . 7  1 07 . 7  147 . 2  1 22 . 6  1 1 1 . 8  amino acids 

Non-essent ial 
amino acids 

A spart ic acid 1 5 . 2  1 4 . 2  1 6 . 1  23 . 1  21 . 5  1 7 . 9  

Serine + G lut- 27 . 5  27 . 8  3 1 . 0  42 . 6  37 . 2  35 . 1  amic ac id 

Prol ine 23 . 8  1 9 . 4  3 9 . 5  48 . 0  68 . 9  58 . 5  

Glycine 92 . 8  81 . 7  88 . 6  1 03 . 0 1 39 . 2  1 04 . 9  

Alanine 30 . 7  31 . 5  45 . 0  58 . 1  5 9 - 7  53 . 2  

Total non-essen- 1 90 . 1  174 . 5  220 . 2  275 . 0  326 . 4  269 . 6  t ial amino ac ids 

J£ p < 0 . 05 ** P <  0 . 01 
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( P  < 0 . 05 ) . The concentrat ion of tryptophan more than 

doubled in the plasma of pigs fed the supp lemented diet , 

but there was little change in pigs fed the defic ient diet . 

The concentrat ions of most  e ssential amino 

ac ids were still high 3 h aft er the meal . However , the con

cent rat ions of hist idine and lys ine had decreased to about 

pre-feeding levels and differed b etween diet s . The concen

trat ions were higher in the plasma of p igs fed the deficient 

diet and the difference in plasma lys ine was stat ist ically 

s ignificant ( P  < 0 . 05 ) . The concentration of tryptophan , in 

p igs  fed the deficient diet , had declined to half the pre

feeding level and there was a three fold difference b etween 

diet s .  

On day 5 , the pattern o f  e ssential amino 

ac ids prior to feeding was similar t o  the pattern on day 2 .  

In  most cases , higher concentrat ions were pre sent in pigs 

fed the supplemented  diet . At the 1 030 sample t ime the 

s ituat ion had reversed.  The concentrat ions of e ssent ial 

amino acids , except tyrosine and tryptophan , were higher 

in p igs fed the defic ient diet . Thre e hours after the meal , 

pigs  fed the supp lemented diet had higher concentrations 

of all e ssential amino acids except threonine and lys ine . 

The difference  in phenylalanine concentrat ions was stat 

ist ically s ignif icant (P  < 0 . 05 ) . 

Plasma tryptophan concentrat ions were lower , 

at all sampling t ime s , in p igs  fed the deficient diet . 

The concentrat ion in pigs fed the supplement ed diet was 

!ive t ime s that of p igs fed the deficient diet at the 1400 

h sampling t ime . 

The change in non-es sential amino acids 
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Olooges in the plasma concentra tions of Gl ucose 
during and fol lowing the daily two hour feeding 
period in pigs fed a trypt()Jtlm deficiert or 
supplemented diet for (a ) two days 

(b)  five days. 

Each point Is the mean for 6 pig days. 
• • Supplemented Diet 
o-------<> Deficient Diet 



followed s imilar patterns to  the changes in e s s ential 

amino ac ids . 

2 .3 . 2  ( iii) Plasma Glucose  Leve l s : 

1 06 

The effects  of feeding the tryptophan defic

ient or supplemented diet on p lasma metabolit e  and hormone 

concentrations are given in T able XIX for day 2 s amples  and 

Table XX for s amples colle c t ed on day 5 .  The plasma gluco s e  

values  are shown in F ig .  18 . 

One striking f eature of the plasma gluco s e  

result s  was the small re sponse i n  peripheral p l as ma glucose  

during the  meal . One animal , on one sampling day , showed 

a rise  in plasma glucose  from 1 00 - 140 mg/100 ml but the 

rise  se ldom exceeded 10 mg/1 00 ml and in many cases the 

leve ls de clined . 

On both sampl ing days the animals  fed the 

supplemented diet showed a decl ine in plasma g luc o se con

c entrations during the meal , with a rise toward the end . 

At  both sampling t imes aft er the end of feed ing the concen

trat ions were higher than the pre··feeding value s .  

On day 2 ,  the glucose  c oncentrat ion in the 

plasma of p igs fed the deficient diet ros e  and by the. 1 030 

s ampl ing t ime the difference b etween diets  had reached 

stat is tical significance (P < 0 . 05 ) . Gluc o se values then 

declined and three hours after the meal , re lat ive levels 
had reversed . 

On day 5 ,  the b asal gluco s e  l evel of p ig s  fed 
the deficient diet was h igher than that of p igs fed the 
supplement ed diet . The difference at the 0845 sampling 
t ime was stat ist ically significant (P < 0 . 05 ) . The differenc e  



TABLE XIX The c on c entra t i on s  of m et ab o l i t e s  an d h orm on e s , m ea s ur e d  in p l a s m e  s amp l e s  c o l l e c t e d 
from p igs fed trypt o p han d e f i c i en t  or s uppl emen t e d  d i e t s  f or two d ay s . T h e  pigs 
wer e  f ed from 0 900 h t o  1 1 00 h .  

08 1 5  

Ure a  Suppl ement e d  1 4 . 6-2 
c on c entrat i on Def i c i ent 1 3 . 05 
( mg Urea N/ 1 00 ml ) Differen c e  1 . 5 7 *  

Gluc o s e  
C 'On c erJtrat i on 
( mg/ 1 00 ml ) 

In s ulin 
c onc entrat i on 
( pg/ml ) 

Growt h Horm on e  
c onc entrat ion 
( ng/ml ) 

Cort isol 
c onc entrat i on 
( ng/ml ) 

* 

Supplemen t e d  8 6 . 3 8 
Defic i ent C 6 . 1 4  
Differen c e  0 . 2 4 

Sup pl ement e d  8 9 5  
Defi c i ent 9 5 6  
Di f f er enc e - 6 1  

Supplemen t e d  2 . 0 
Jefi c i ent 1 . 7 
Differen c e 0 . 3  

Supplem en t e d  5 2  
Defi c i ent 56  
Diff erenc e - 4 

p < 0 . 05 

084 5  

1 4 . 5 0 
1 3 . 0 6 

1 . 4 4  

88 . 9 9 
89 . 1 1 
- 0 . 1 c 

8 3 2  
6 6 2  
1 7 0 �:-+ 

1 • 3 
5 . 7  

- 4 . 4  

6 3  
6 7  
- 4  

0 9 3 0  

1 4 . 1 5  
1 2 . 5 5 

1 .  6 0  

8 6 . 7 7 
9 2 . 8 9  
- 6 . 1 2  

1 2 7 5  
1 9 9 4  
-7 1 9 

1 . 7 
2 . 5 

-0 . 8  

4 2  
37 

5 

Sam p l e T im e  

1 000 1 03 0  1 1 00 1 2 00 1 4 00 

1 4 . 4 6 1 4 . 8 1 1 4 . 64 1 4 . 4 2 1 5 .  1 4  
1 2 . 9 2  1 3 . 3 1 1 3 . 4 4 1 3 . 6 6 1 3 . 3 2 

1 .  5 4 1 . 5 0  1 .  2 0  0 . 7 6 1 . 8 2  

84 . 8 2  87 . 0 1 87 . 1 3  9 1 . 2 6  9 1 . 27 
9 2 .  28 9 5 . 5 1  9 2 . 3 7 9 0 . 2 0 84 . 3 7 
-7 . 4 6 - 8 . 5 0 *+ - 5 . 24 1 . 06  6 . 9 0 

1 4 2 6  1 6 0 1  1 1 3 7 1 3 4 3  1 4 6 6  
2 3 0 1  24 1 1  2 080 1 5 9 8  1 1 7 1  
- 87 5  -8 1 0  - 9 4 3  - 2 5 5  2 9 5  

2 . 2  2 . 0  1 . 7 2 . 9 0 . 9  
2 . 5 2 . 6 2 .  1 3 . 4 5 . 6  

- 0 . 3  - 0 . 6  -0 . 4 - 0 . 5  - 4 . 7  

4 6  5 2  4 2  4 9  4 2  
4 8  4 8  4 1  4 8  3 9  
- 2  4 1 1 3 

*+ p < 0 . 025 � 
0 
--..] 
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TABLE XX The c on c entra t i ons of n e t ab o l i  t e s e n d.  h oro on e s , m e a s ur e d  in p l a sr;m sar:l i) l e s  c o l l e c t e d  
from pigs f e d  try p t ophan d e f i c i ent o r  suppl ement e d  d i e t s for fiv e days . Th e p i e s  
w er e  f e d  from 0 9 00 h t o  1 1 00 h . 

Samp l e T i m e  

0 8 1 5 0 8 4 5  0 9 3 0  1 0 00 1 0 3 0  1 1 00 1 200 1 400 

"Crea ;:supp l em ent e d  1 4 . 1 0  1 J . 7 2  1 J . J 9  1 J . 6 7 1 J . 97  1 4 . 2 5  1 4 . 6 3 1 4 .  1 0 
c on c entrat i on Defi c i ent 1 J . J 4 1 3 . 2 4 1 , ,  a -:>  L o -:;1 ..) 1 J . 1 J  1 3 . 4 9  1 3 . 7 5  1 3 . 9 3  1 4 . 3 2  
( mg Ur ea R/ 1 00 ml ) Diff er en c e  0 . 7 6 0 . 4 8  0 . 4 6  0 . 5 4  0 . 48 0 . 5 0  0 . 7 0  - 0 . 2 2  

G l uc o s e  S uppl ement ed 84 . 47 8 2 . 8 1 S J . 86 8 2 . 2 2 80 . 87 87 . J O 9 1 . 6 3 8 9 . 08 
c on c entra t i on Defi c i ent 87 . 83 9 0 . 0 1 9 2 . 1 6 GG . J S 9 1 . 4 5  9 0 . 1 4  86 . 7 9  9 1 . 4 4  
( mg/ 1 00 ml ) Diff er enc e - J . J 6  - 7  • 2 0 -X- - 8 . J O - 4 . 1 6  - 1 0 . 5 8  - 2 . 84 L] . 84 -:-:- - 2 . J G 

In s u l in S up p l em ent e d  76 1 6 9 5  1 7 05 2 1 80 1 9 4 4 1 9 5 1  1 3 5 8  1 1 7 1  
c on c entra t i on D e f i c i ent 7 6 1  6 7 9  1 89 2  1 7 3 0  1 4 7 9  1 4 2 9  1 1 7 1 1 07 0  
( pg/ml ) Diff er enc e 0 1 6  - 1 87 4 5 0  4 6 5  5 2 2  1 87 1 0 1  

Gr owt h  Eormon e Suppl em en t ed J . 4 4 . 0 2 . 0  1 • G 1 . 9 2 . 8 2 . 7  1 . 9 
c on c en trati on Defi c i ent 1 • G 2 . 4 1 • 6 2 . 5 2 . 9 2 . 3 J . 2  1 • 6 
( n g/ml ) Dif f er enc e 1 . 8 1 . 6 0 . 4 - 0 . 9 - 1 . 0  0 . 5 - 0 . 5 O . J 

Cort i s ol Suppl emen t ed 5 3  64 J J  6 4  4 2  3 5  3 8  4 1  
c on c entrat i on De f i c i ent 6 4  6 6  3 1  68 4 6  4 0  4 2  4 0  
( ng/ml ) Diff er enc e - 1 1 - 2  2 - 4  - 4  - 5  - 4  - 1  

* p < 0 . 05 
� 
0 
OJ 
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was maintained throughout the meal , although it was not 

statist ically s ignif icant . Toward the end of the meal the 

concent ration of glucose  in the plasma of p igs fed the 

supplemented diet ro se and the differenc e b etween the diet s 

was reversed and stat ist ically significant (P  < 0 . 05 )  1 hour 

aft e r  the meal . 

2 .3 . 2 ( iv) Plasma Insulin Levels : 

The re sults for plasma immunoreactive insulin 

are shown in F ig .  1 9 .  There was a rapid rise  in plasma 

insulin leve l fo llo\ving the onset of feeding , which reached 

a maximum 30 to 90 min aft er the beginning of the meal . 

Insulin leve ls then dec lined , but remained elevated 3 h 

aft er the end of the f e eding period . 

Animals fed the de ficient diet for 1 day prior 

to samp ling had signif icant ly lower insulin levels immed

iat e ly b efore the meal (P  < 0 . 05). During the meal , the 

situation revers ed and although the diff erenc e was not 

stat ist ic ally significant , the animals fed the def ic ient 

diet showed a �reat er increase in p lasma insulin in re sponse 

to the meal . 

On day 5 ,  animals f ed both diet s showed 

similar insulin responses during fe eding . The maximum 

levels reached were int ermediat e betwe en the levels 

reached by the two groups on day 2 .  

2 .3 . 2  (v) Plasma Growth Hormone Levels : 

The re sult s for plasma immunoreact ive growth 

hormone are shown in F ig . 20 . Growth hormone leve ls were 

low in most samp le s , although a litt le  under 10% of the 



60 

- 50 
E 

' 
Ct 
c: -

� 40 
� 0:: 0 (.) 
1.LJ 
> 
� 30 (.) 
<t UJ 

� :::> � � 20 

10 

FIGURE 21 

feeding 
per iod 

� ( b ) 

I 

I I I 
' I 
I I 
I I I I I I I I I 

I 

6 

feeding 
period 

8 9 10 1 1  12 13 14 A 9 10 1 1  12 13 14  
TIME OF DAY ( 24 h clock ) 

Changes in the plasma concentrations of Immuno
reactive CCI'tisol during md following the doily 
two hour feeding period in pigs fed a tryptophan 
deficient Cl' supplemented diet for Ca) two days 

( b) five d ays. 
Each point is the mean for 6 pig days. 
• • Supplemented Diet 
o----o Deficient Diet 



16 

1 5  

14 

13 

12 
-
"E 1 1  
0 
0 
' 10 
z 
c 9 CD 
� 

::::> 
0 

8 E -
<t 7 w 
a:: 
::::> 

6 

5 

4 

3 

2 

( a )  

�-----o 
o-o.,'t,.o 

feeding 
period 

( b )  

Ou,� 

feeding 
period 

�----.---

8 9 10 1 1  12 13 14 8 9 10 1 1  12 13 14 

TIME OF DAY ( 24 h clock) 

FIGURE 22 Changes in the pl asma concentrations of U rea 
d uring and fol lowing the daily two hour feeding 
period in pigs fed a tryptophan deficient or 
supplemented diet for (a) two days 

( b) five days. 

Each point is the mean for 6 pig days. 

• • Supplemented Diet 

o-------0 Deficient Diet. 



1 14 

samples  exceeded 5ng/ml . There was no st atistically 

s ignif icant difference between diet s and peaks great er than 

5ng/ml occurred on both diets . The highest recorded peaks 

( 20ng/ml) occurred in p igs fed the def ic ient diet , contri

but ing to the difference s  between diet s on day 2 .  Only one 

peak great er t han 5ng/ml was recorded during f e eding 

( 7ng/ml) , although the mean leve l s  during feeding were 

s imilar in most cases . 

2 .3 . 2  (vi) Plasma Cort isol Leve l s : 

The c oncentrat ions of plasma immunoreact ive 

cort isol are shown in F ig .  21 . There was l itt l e  difference 

b etween the leve l s  in animals fed e ither diet and the 

difference s  were not statistically significant . On both 

sampling days the leve l s  were e levated prior to the mea l . 

Aft er the beginning o f  feeding the levels fell , and apart 

from the fourth s ample  on day 5 ,  they remained low for 

the re st of  the sampl ing p eriod . 

2 .2 . 2  (vii) Plasma Urea Leve ls : 

The concentrat ions of p lasma urea are shown 

in F ig .  22 . The leve ls showed a drop in the f irst samp le 

aft er the beginning of the meal . Levels ro s e  during the 

remainder of the meal and were still elevat ed in the last 

two sample s .  

The basal leve l s  of urea in p ig s  fed the 

supplement ed diet were s ignificantly higher on day 2 

(P < 0 . 05 ) . The urea leve ls in p ig s  fed the deficient diet 

ro se during the meal and the difference betwe en levels  

progres s ively decreased with e ach s ampling t ime . By the 

end of the meal there was little difference b etween the 
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two group s .  O n  day 5 ,  there were no s ignif icant differ

enc e s  between diet s .  
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DISCUSSION : 

2 .3 . 3  ( i) Food Intake : 

The p igs were allowed to e at as  much as they 

want ed for 2 h each day ( 0900 to 1 1 00 h) . When correct ed 

for differences  in body weight , mean daily f o od intake s  of 

pigs f ed the supp lemented diet were s imilar to the int akes 

of pigs fed ad lib itum and also s imilar t o  the intake s of 

p igs of the same breed re stricted to a 2 h f e eding period 

( Ingram and Legge , 1 974) . ' 

On the re strict ed feeding regime , the response 

of pigs  to  the two diet s was s imilar to the re sponse of 

pigs fed ad lib itum , although animals appe ared t o  re spond 

more slowly to changes in diet . The intake s of animals  fed 

the deficient diet were not depre s sed unt i l  day 2 ,  and 

the intake s of animals fed the supplement ed diet did not 

recover unt il day 3 .  

The slow recovery of food int ake in p igs fed 

the supplement ed diet may have been due t o  an interact ion 

with the blood sampling proc edure . Pigs f e d  the supple

ment ed diet had low food intakes on both s ampling days in 

the third period . During s ampling it was nece ssary to close  

off the  feed b ins and although all  the animals were quiet , 

pigs  fed the supplement ed diet made it c l e ar that they 

resent ed the intrusion into their feeding t ime . Conversely , 

when on the def icient diet , the same pigs appeared c ont ent 

while samples were t aken and were slower t o  recommenc e 

feeding aft er sampling finished . Longer c athet ers would 

have obviated the need to close  off the f e ed b ins and over

come the problem . 
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Differences  in food intake betwe en the t wo 

die t s  were not statistic ally s ignificant . Inspect ion of 

the individual re cords revealed that 3 of the 4 p igs showed 

a cons istent depre ssion in intake when fed  the deficient 

diet , while the fourth p ig showed little respons e . The 

food intake of the p ig that did not respond t o  the diet 

was h igher than the intake s of the other three p igs . It 

is  therefore unl ikely that the lack of response  was due to  

a general depre s s ion in food intake result ing from the 

cathet erisation proc edure . 

The differenc e  in intake between the two diet s 

was s imilar in magnitude to  the re spons e  of pigs fed � 

l ib itum .. The lack of stat istical s ignificance was probab ly 

due t o  the pig that did not re spond to the defic ient diet , 

although disturbanc e s  re late d  to the blood sampl ing proce-

dure could have been a contribut ing factor . The experiment 

on ad lib itum feeding patterns was conduct ed with three 

group s . When the two group s of 4 animals were analysed 

separat a ly the depre s s ion in intake on the def ic i ent diet 

was stat istically significant (P < o . 05 )  in one group , but 

not in the other . When all 1 0  p igs were inc luded in the 

analysis , the difference s  in intake betwe en the two die t s  

were stat ist ically s ignif icant ( P  < 0 . 01 ) . 

In one study of the effects of amino acid 

imbalanc e ,  rats trained to eat the ir daily rat ion in a two

hour period did not show depre ssions in growth or food in

t ake unt il the threonine imbalanc e was severe (Leung et al . , . - -
1968a) . The tryptophan def ic ient diet u s e d  in the pre sent 

experiment was not a severe deprivat ion since it supported 
I 

a modest rate oi� growth in p igs fed ad lib itum . However , 



1 1 8  

Leung et al . ( 1 968a) did not report re sult s f o r  rat s fed a 

11 corre cted 11 diet and no direct comparison c an be made . 

2 .3.3 (ii) Plasma Amino Acid Levels : 

The concentrat ions of  plasma amino acids in 

p igs  fed the supp lenented diet \vere s imilar t o  levels  

report ed by  Davey , Phelps and Thomas ( 1 973 ) , but lower than 

the leve l s  report ed by Grimble and Whitehead ( 1 970 ) , 

Robinson , Holme s and Bayley ( 1 974) , and Rob inson ( 1 975 ) . 

Many factors inf luence the leve ls  of plasma amino acids , 

inc luding the c ont ent and qual ity of prote in in the diet , 

the age and met abolic status of the animal , and the t ime of 

sampling in re lat ion to previous f eeding ( Davey et al . ,  1973 ; 

Eggum , 1 976 ; Pion , 1 976) . Amino acid leve ls  reported by 

Rob ins on et al . ( 1 974) and Hob inson ( 1 975 ) were obtained 

from Duroc pies fed synthet ic diet s based on casein , sucrose , 

and corn oil , while control animal s  in the experiment s of 

Grimble and \Fhitehead ( 1 970 ) were fed diet s containing 25?; 

and 21 . 5� prot e in . The leve l s  report ed by Davey et al . - -
( 1 973 )  are more dire ctly comparable  with the pre sent re sult s , 

because the pigs were fed diets  based on maize  with a 

s imilar t otal prot e in content . 

The effect s of feeding the def ic ient or  

supplement ed diets  on  plasma e s sent ial amino acids , other 

than tryptophan , were not gre at . In most cases  the levels 

in p igs fed the supplement ed diet were a l ittle  higher and 

the difference reached stat ist ical s i�nif i c anc e at t ime s . 

However , the d ifferences  were not large and in some cases  

they were reverse d .  Tryptophan levels  were higher in p igs 

fed the supplemented diet , in all samples except the pre-
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f e e d ing sample on day 2 .  

Low p lasma leve ls  of the f irst l imit ing amino 

acid have been  rep ort ed on amino acid defic ient diet s .  

F or example , lowered leve ls of isoleuc ine have been  demon

strat ed in p igs  fed diet s low in isoleuc ine ( Oesteme r , 

H anson and Meade , 1 973 ) . Plasma lys ine conc entrat ions 

were altered by feeding graded leve l s  of dietary lys ine , 

although they could not b e  used t o  e st imat e the lys ine 

requ irement s of pig s  ( Braude , Fulford , Mit che ll , Myres  and 

Porter , 1 974) . Pigs fed an amino acid imbalanced diet 

showed a drop in the plasma leve l s  of t hreonine , the l imit

ing amino acid ( R ob inson , 1 975 ) . The c oncent rat ions of the 

other essential amino ac ids were e l evat ed  in p igs on the 

imb alanced diet . 

The chang e s  in the leve l s  of trypt ophan were 

not stat ist ic ally s ignificant , but they were s imilar to the 

results of other studie s .  The lowe r  levels in p igs fed the 

def ic ient diet sugge st that tryptophan was the f irst l im it 

ing amino acid i n  this diet , i n  agr eement with other 

r ep ort s ( B atterham , 1 970 ; St able s and Carr , in pres s ; 

Sto ckland � al . , 1 971 ) and the conclus ions reached in 

s e c t ion 2 . 1 . 3  ( i ) , p .  56. 

2 .3 .3 ( iii) Plasma G lucose and Insulin Leve l s : 

B asal plasma glucose conc entrat ions measured 

in grmving pigs have ranged from 85 - 1 20 mg/100 ml (Anderson 

1 974 ; Fre eman ,  Noakes and Annison , 1 970 ; R i is and Grummer , 

1 969 ; Tope l ,  W e i s s , B iers , and Magilton , 1 973 ) .  The h igher 

basal leve ls report ed by Anderson ( 1 974) and Freeman � �

( 1 970)  are probab ly due to  the sampl ing of right atrial 
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and art erial blood , rather than jugular venous blood . 

Fre eman et al . ( 1 970 ) reported an art eriovenous difference 

of betwe en 5 and 9 mg/100 ml acro ss  the heads of p igs and a 

difference in plasma glucose  levels  in fed and fasted p igs . 

One int erest ing feature of the glucose  re sult s 

was the small change in p lasma glucose that accompanied 

feeding . B lood glucose  rose promptly after meals in rat s 

( St effens , 1 969 ) and in humans ( Ahmed et al . ,  1 976) . 

Anderson ( 1 974) observed a rap id rise in the p lasma glucose  

conc entrat ions of  pigs fed a s ingle meal . The  levels  

reached a peak of about 1 25 mg/100 ml , 1 to 2 h after the 

meal . 

The lack of response in the pre sent experi

ment was not directly relat ed to plasma insulin levels . The 

range of p lasma insulin was s imilar to value s reported e lse

whe re for the p ig (Anderson , 1 973 ; 1.'-'lachlin et  al . , 1 968) 

and the change s in plasma insulin levels were s imilar to  

value s reported by Anderson ( 1 974) . Aumaitre , R�rat , 

Vaissade and Vaugelade ( 1 973 ) studied leve ls  of b lood glu

cose  fo llowing single meals of glucose  or maiz e starch and 

showed that blood glucose  ros e  more rap idly f o llowing a 

meal of glucose than one of maiz e starch . The p igs showed 

a l imit ed response to 800g of maize starch but a rapid rise  

in blood  glucose following a meal of 1 200g . The amount of 

maiz e starch eat en in one meal , in the present experiment , 

would l ie b etween 800 and 1 200g . Keys and De B arthe ( 1 974) , 

working with p igs , found no differences in the rate of 

passage of the diet s studied . However , the amount of 

amylose  digested before reaching a duodenal c annula was 

lower in p igs fed barley diet s .  No comparison can be made 
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between the present diets and tho se of Anderson ( 1 974) 

because the source  of nutrient s was not de scribed by that 

author . 

Aumaitre , Herat , Vaissade and Vaugelade ( 1 975 ) 

de scribed two patterns of peripheral glucos e  changes in 

pigs . In one instance , the basal leve l  of blood glucose 

was low and a meal of 400 to  800g of starch , in addit ion 

to vit amins , minerals and prot ein , caused a large and p er

sistent rise in portal ve in gluco se concent rat ions but 

litt le  change in peripheral gluco se conc entrat ions . In the 

second c ase , where the basal glucose level was high , the 

meal caused a rise in b oth portal  and peripheral glucose  

conc entrat ions . It is possible that the different patterns 

observed in the present experiment and tho se  of Anderson 

( 1 974) may fit the patterns de scribed above . The basal 

glucose  concentrat ions observed by Anderson ( 1 974) were 

higher than tho se observed in the pre sent experiment . 

Glucose  levels  observed by Top e l  et al . ( 1 973)  were similar 

to tho se  in the pre sent experiment and there was l ittle 

difference between samples  taken 1 h after the mornin5 

meal or 1 h before the evening meal . On the other hand , 

the so-called "high basal leve l"  reported by Aumaitre ,ll &· 

( 1 975 ) was similar to b lood gluco se leve ls report ed by 

Topel  et  �- ( 1 973 ) and basal levels observed in the pre sent 

experiment . 

The leve l s  of food int ake in the pre sent study 

and that of Anderson ( 1 974) appe ar to  be qu it e different . 

The level of feeding used by Anderson ( 1 974) is not stat ed , 

but it c an be inferred from the remarks on prote in feeding 

that the p igs were adapted to  a very low level of intake . 
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The d ifferences  in plasma glucose response 

between p ibs fed the def ic ient or supplement ed diet sugge st 

that ee.rly alt erat ions in carbohydrat e metabolism accompany 

the tryptophan defi c iency . 3anahu j a  et a l .  ( 1 965 ) report ed 

an increase in l iver clycogen in rat s fed an amino acid 

imbalanced diet , although no change occurred in animals  

fed a defic ient diet . Force-feedin8 rat s for  1 t o  3 days 

on diets devo id of , or def ic ient in , a s ingle amino acid 

re su lted in elevated levels of liver � lycogen ( C l ark and 

Barron , 1 972 ; Sidransky and Verney , 1 968 ; Sidransky et al . 

1 969) . The prote in content and quality of diets has b e e n  

shown to alter the balance between glyco lysis and glucone

ogene s is in rat l iver ( Peret et al . , 1 975 ) .  On  low pro t e in 

diets  the predooinant p athway is  glyco lysis . If  amino a c id 

balance further l imit s prot ein synthe s is , surplus energy 

may be stored in the form of l ip id , unless  flux through the 

pathway is reduc ed . 

Impaired gluco s e  t olerance has been report ed 

in rat s forc e-f ed diets devo id of threonine ( Sidransky 

et �. , 1 969 ) and in pigs and doe;s suffering from chronic 

prot ein-calorie def ic iency (Heard , 1 966 ; Heard and Henry , 

1 969 ) . In dogs , the changes in gluc os e to lerance with 

age and protein status appeared to  be independant of changes 

in p lasma insulin (Heard and Henry , 1 969 ) . In the pre s e nt 

exp e r iment , the increase in insul in during feeding was 

s imilar f or both diet s and perhap s greater in p igs fed t he 

def ic ient diet for 2 days . The relat ive roles of l iver , 

muscle , or adip o s e  t is sue in contribut ing to the altered 

blood glucose curves cannot be asc ert ained without further 

studies .  
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The reason for the lowered pre-feeding insulin 

level in p igs fed the def i cient diet for one day is not 

c lear .  The leve l of stat ist ical s ignificance  achieved may 

b e  a chanc e phenomenon s ince the situat ion in the previous 

basal  sample was revers e d . Leve ls of hormone s and metabol

ite s  often showed greate r  variab ility in t he f irst sample  

of the  morning , and it  is  considered that the second sample  

was more repre sent at ive of  basal  levels . Adib i  and Drash 

( 1 970) reported  a small decrease in basal insulin level s  

i n  humans fed a prot e in-free diet and Young et  al . ( 1 973 ) 

report ed  lower b asal leve ls and a smaller insulin response 

to force feeding in rats fed very low pro t e in diet s . It 

is unlike ly that the lower basal insulin Has due to impaired 

insul in product ion , sinc e the rise in insul in during the 

meal was as  great , or gre at er than , the rise  recorded at 

other t ime s . 

The difference s betwe en diet s , in the insulin 

response to  feeding , were opp o s it e  to  the change s in t o t al 

e ss ent ial amino acid levels , although the d ifferences  were 

not stat ist ically s ignif icant . Infus ion of arginine 

e l i c it ed a rise in insu l in in pigs , but the response was 

slight when compared to chang e s  observed in ruminant s 

(Hert e lendy , Takahashi ,  Machlin and Kipnis , 1 970 ) . F e eding 

a small amount of casein had litt le  effect on plasma insulin 

in p igs  (Anderson , 1 974) ,  sugge st ing that prote in is not an 

imp ortant stimulus for insulin release in p igs . 
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2 . 3 . 3  ( iv) Plasma Growth Hormone Leve l s : 

G rowth hormone ( pGH ) leve ls were s im ilar t o  

values  report e d  e lsewhere ( I3 idne r , I·!erke l ,  Hafs , Swanson 

and hiller , 1 973 ; Chappe l  and Dunkin , 1 975 ; S iers and 

H az e l , 1 970) . A lthouGh highe r , basal leve ls  reported by 

I11iachlin et al . ( 1 968 ) and I·1Jarple and Aberle ( 1 972) were at 

the lower end of the range of value s recorded in the present 

experiment . Levels  were quit e variable with o c c a s io nal 

s amp l e s  reachinb 20ng/ml .  Chappe l  and Dunkin ( 1 975 ) , who 

obtaineq p lasma samp l e s  by venepuncture , report ed  s imilar 

variab il ity . A lthough stres s  has b een shown to increase 

pGH ( I'-lachlin e t  al . , 1 968 ) , it was considered t hat the 

str e s s  of  bleeding was not c l o s e ly related to the  high pGH 

value s obtained in some animals ( Chappe l  and Dunkin , 1 975 ) . 

In the pre sent experiment , samp l e s  \vere t aken through 

indwe lling catheters  and it is unl ikely that a stress  effect 

is responsible  for the occas ional high valu e s . G l ick , Roth , 

Yalow and Berson ( 1 965 ) reported spont aneous GH peaks in 

humans and T annenbaum and Mart in ( 1976) de scribed a puls a

t ile  type of GH secretion in the rat . 

There were no clear-cut difference s  in pGH 

levels between the two diet s , although the pres ence of 

occasional peaks make s it diff icult t o  inte rpret result s 

from the small numbers of animal s  in the study . Poor 

prote in nutrit ion of dams has been reported  t o  depre ss  the 

synthe s is  of GH in rat pups  ( Shrader and Z eman , 1 973)  and 

humans f ed low prote in diet s based on maiz e showed a reduced 

hGH respdnse to arginine infus ion ( IJier imee and F ineberg , 

1 972) . However , the reduced re sponse to arginine may not 

be related to p�otein quality , s inc e the opaque-2 maiz e 
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variety , which permit s  fast er e;rowth rates  in pigs ( Stab l e s  

and C arr , i n  pre s s ) , a l s o  lowered the hGH re sponse t o  

arginine infu s ion ( Merimee and F ineberg , 1 973 ) . F eeding a 

prot e in-free diet t o  humans had no effect o n  basal hGH 

levels  (Adibi and Drash , 1 970 ) . 

2 .3 . 3  (v) Plasma Cort isol  Leve ls : 

C ort isol i s  the main glucocort icoid s ecreted 

by the adrenal gland of the p ig ( Heap , Holzbauer and Newport , 

1 966) . Cort isol levels in the pre sent study were s imilar 

to  leve ls  reported  by Donald , Salisbury l\'lurphy and Nabarro 

( 1 968) and Top e l  et a l .  ( 1 973 ) , a lthough h igher than value s 

report ed by \vh ipp , VJ ood and Lyon ( 1 970) . The lat ter  authors 

used spe c if ic -pathogen-free p igs which may account for the 

difference . 

Basal cort isol  leve ls  were h igher than sub

sequent samp l e s  c ollect ed during feeding . Two studies  of 

the diurnal p at t ern of cort is o l  s ecret ion in p igs recorded 

the highest leve l s  at 0800 h ,  in good agree ment with the 

pre sent re sult s .  llioberg et al . ( 1 975 ) demonstrated  that 

the diurnal rhythm in cort ico sterone levels  in rats could 

be  altered by fe eding t ime and a s imilar effect may occur 

in p igs . An e ffect of feeding on the leve l s  of c ort isol  

in the studi e s  o f  T opel  !:.! al . ( 1 973 ) and Whipp ll �

( 1 970 ) may be inferred when the  s ampling and feeding t imes  

are c ompared . 

There was little  difference in p lasma c ort i

sol leve ls  betwe en the two diet s .  Force-fe eding diets 

devo id of s ingl e  amino acids lowered cort i c ost erone level s  

in rat s ( Clark and Barren , 1 972) . The se authors suggested 
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t hat the d e c r e a s e  rr:ay he.ve b e e n  du e t o  p o o r  synth e s i s of 

g lu c o c o rt i c o ids , d u e  t o  t h e  invo lvem e nt of a rap idly syn-

the s i s e d  adr e nal prot e in in A CTH - st imu lat e d g lu c o c ort i c o id 

pro du c t ion . The de f i c i e nt d i e t  u s e d  in the p r e s ent exp eri -

ment was not s e veT·e ly de f i c i e nt and p ermitt e d  a r e du c e d  

rat e o f  t;rowth . 

2 . 3 . 3 (v i) P l a s ma U r e a  Leve l s : 

P l a sma urea l e v e l s  wer e  s im i l ar t o  valu e s  

r e p ort ed by  2raude e t  al . ( 1 974) and Brown and C l ine ( 1 974) , 

but l o w e r  than valu e s  rep o rt ed f o r  one pig by Eggum ( 1 97 3 ) . 

T h e  r i s e  in ur e a  c onc e nt rat i o n  from the b ec inning of the 

m e a l  aa:r e e s  vJith t h e  r e su l t s  of B r aude et al . ( 1 974) and '--' - -

E gcum ( 1 973 ) f o r  p i� s  and Kumt a and H arp e r  ( 1 961 ) for rat s . 

In  the ab ove studi e s , ure a  l e ve l s  re ac hed a maximum 3 to 

5 h aft e r  f e ed inG . 

Eggum ( 1 97 3 )  d i s cu s s e d  the r o l e  of p l as ma 

u r e a  in det ermininc pro t e in qual ity . Plasma urea leve l s  

c ou ld b e  influenc ed b y  the quality and cont ent o f  prote in 

in the di et and t ime aft er fe eding . By st andardis ing 

protein cont ent and t ime aft er feedinc , plasma urea leve l s  

should give an index o f  protein quality . I n  the present 

result s , there was no difference in urea conc entrat ions 

b etween the two die t s  on day 5 .  The level of ure a  in p igs 

fed the supplemented diet was significantly elevat ed before 

f eeding on day 2 and the difference declined in progr e s s ive 

samp le s  taken aft er f eeding . 

The apparent discrepancy in the re sult s c an 

be  resolved when food intake is considere d .  Although the 

prot ein content of the diets was s imilar , the protein in

t akes of the t wo group s of animals were different . To 
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overcome difference s  in food intake , Brown and C line ( 1 974) 

expressed urea values  as mg/100 ml/kg of food e at e n .  On 

day 5 ,  3 h aft er f eeding , the urea  concentrat ions of p ig s fed 

the def i c ient or supp lement ed diet were 9 . 42 and 7 . 83 mg 

urea N/100 rnl/kc of  food eaten re spectively , and therefore 

the result s are in agreement with the conc lusion  that urea 

concentrat ion decreases with increas ing prot e in quality 

( Braude et al . , 1 974 ; Brown and C l ine , '1 974 ; Eggum , 1 973 ) . 

The incre as e d  basal urea  conc entrat ions , in 

p igs fed the supp lement ed diet for '1 day , may b e  relate d  

t o  adap t ive change s  i n  enzyme levels . The dai ly output o f  

urea adapts  onl�r slowly to  changes l n  diet ( E lwyn , 1 970 ) . 

The act ivity of urea  cycle enzymes has been shov.m t o  adapt 

t o  change s in the prote in c ont ent of diet s in rat s ( Schimke , 

1 962a , 1 962b) and p igs  ( Krvavicn , Pavi� and Ku� an , 1 974) . 

However , the enzyme s appe ar t o  adapt slowly and change s 

were not complete  unt il about 8 days after the changes  of 

diet ( Schimke , 1 962a) . 
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CHAPT.ti:�� THHEE 

'T.t{YPrOPHAN DEFIC IENCY AND FOOD INTAKE 

DEPRZSSION : 

Fe eding p igs on a diet with a re lat ive trypt

ophan defi c i ency re sulted in  a rapid de cre ase in  food 

intake . The depre s s ion in int ake reached maximal leve ls  

within 3 days , whether the pigs  were fed  ad  lib itum or  

trained to  eat their daily rat ion in  one 2 h perio d .  EA�er

imental work reviewed earlier sugge sted that an altered 

patt ern of p lasma amino acids may be  assoc iat ed with food 

int ake depre s s ion , but in  view of the  role  of  c arbohydrate 

met abolism in me chanisms contro ll ing food intake any change s 

in carbohydrate metabolism could also  be important . 

The hypothe sis , that p lasma amino acid pattern 

direct ly inf luenc e s  food int ake , was developed from studies 

of amino acid irr.balanc e (Harper  et al . , 1 970 ; Leung and 

Hogers , 1 969 ; 2dgers and Leung , 1 973 ) . The diff erenc e s  

in plasma amino ac id patt ern b etween the two diet s f ed in 

the pre sent experiment were in agre em ent with pat terns 

obs erved in pigs fed an amino acid imbalanc ed diet (Robinson , 

1 97 5 ) , although there was no c ons istent rise  in e s s ent ial 

amino acids other than trypt ophan . 

From the studie s of Leung end RoGers ( � 969) , 

it app ears l ikely that the important fact or in the p lasma 

amino ac id p att�rn is the depressed levels of the l imit ing 

amino acid and at most samplin5 t imes  plasma tryptophan 

leve l s  were depre ssed re lat ive to the valu e s in p igs fed 

the supplement ed diet ( s e e F ig s . 23 and 24 ; H e sult s pre sen

ted e arlier have been graphed t ogether to fac il it at e  

comp arison) . 'rherefore , the r esult s are cons istent wi-:th 
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a direct rol e  of plasma aoino ac ids in the food  intake 

depre ssion.  

1 3 1  

I n  addition t o  a role ln prot e in synthes i s , 

tryptophan i s  a precursor for  brain indole-amine s and 

changes in p lasma trypt ophan could directly influence f o od 

int ake through the leve ls of brain indole-amine s .  Alt er

at i ons in the dietary levels of tryptophan have b een shown 

to  aff ect the levels of 5-hydroxy-tryptamine i n  brain 

t i s sue (F ernstrom , Nadras , �unro and Wurtman , 1 974) . Rat s  

fed a maize  diet for 48 h had lower brain leve l s  of trypto

phan , 5 -hydroxy-trypt amine and 5-hydroxyindo leacetic  ac id 

( Z ambott i ,  C arruba , Vic ent ini and hant egaz z a , 1 975 ) . 

However , if the def ic ient diet did lower brain indole

amine levels in the p igs , it is unlikely that this would 

be responsib le for the depres sion in food int ake , as it has 

been  report ed recent ly that deplet ion of 5 -hydroxy-trypta

mine caused hyperphagia and obe s ity in rat s (Bre isch , 

Z emlan and Hoebel , 1 976 ; Saller and Stricker , 1 976 ) . 

The altered plasma gluco s e  re sponse t o  

feeding , in p igs f e d  the def ic ient diet , suggests  that 

alt erat ions in carbohydrate met abolism could also be 

resp onsible for the depress ion in food intake . Differences 

in blood glucose  oc curred on both sampling days . On day 2 

p lasma glucose ro se significant ly higher in p igs fed the 

def icient diet . On day 5 ,  although the diffe rence s  were 

not signifi c ant , p lasma glucose  leve l s  were h igher  in p igs 

fed the def ic ient diet , despit e  the 1 7% lower food int ake . 

Although carbohydrat e  metabol ism is  important 

in the c ontro l  of food intake ( Anand , 1 967 ; Rezek  and 

Kro eger , 1 9�6 ), the mechanisms invo lved are st ill not c lear .  
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The higher p lasma cluco se leve ls  in p igs fed the def ic -

ient diet c ould act on c entral glucose  receptors and depres s  

int ake , although St ephens and Baldwin ( 1 974) obse rved no 

change in the sub s e quent food int ake of pigs given port al 

or jugular infus ions of gluc o s e  and the diff erence s  in 

plasma g lucose  in the present exp eriment were not large . 

On the other hand , the patt ern of plasma gluc o se changes 

would b e  c ons ist ent with alt ered l iver carbohydrat e meta

bolism and glycogen storage ( Peret et al . ,  1 97 5 ;  Sanahu ja  

et al . , 1 965 ; S idransky et al . ,  1 9 69) . G luco s e  receptors 

in the l iver have been described ( Nii j ima , 1 969) and the ir 

role in the control of food intake discussed e lsewhere 

( Re z ek and Kro eger , 1976 ; lius sek , 1 97 1) . 

In view of the small  numbers of animals in 

the blood-samp ling experiment , the results must b e  regarded 

as prel iminary . The differen c e s  in food int ake were not 

stat ist ically signif icant , although it app e ars l ikely that 

the problems a s s o c iat ed with the experiment may h ave 

obscured , rather than e nhanc ed , the diff erenc e s  in b l ood 

met ab o l it e s  and hormone s .  The a l t e rat ions in c arbohydrat e 

me t ab o l i sm a s s o c iat e d with the am ino acid def i c i ency n e e d  

to b e  more c l e arly defined b e f or e  t h e  re lat ionship b etwe e n  

the chang e s  o b s e rved and the depre s s ion in f o o d  int ake c an 

be evaluat ed . In part i cular , t h e  imp ortan c e  of l iver 

carb ohydrat e met ab o l ism in det ermining the ob s erved gluco s e  

patt erns appe ars worthy of inv e s t igat ion . 

Further stud i e s  should t ake a c c ount o f  the 

diff e r e nc e $  in f o od int ake b e t we e n  the two d i e t s , problems 

ot taking po int samp l e s  t o r  rapidly chang ing var i ab le s t 

and the pre sence of spont aneous growth hormone p e aks � The 
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s imult aneous alt erat ions in prot e in qua lity and prot e in 

int ake have been discussed  in re lat ion t o  the int erpreta

t io n  of  the plasma urea result s .  Howeve r , the lowered f o o d  

intake on the def ic i ent diet sugge s t s  that the e levat ed 

p lasma gluco s e  in re sponse to feeding is all the more 

s ignificant . 

The maximum peaks in p lasma insu l in response 

t o  f e e ding ranged from 30 - 90 min aft er the beginning of  

the  meal and s amp le s  t aken every 30 min m ay not  have c o in

c ided with peaks in plasma insul in , contribut ing to the 

var iabil ity between animals and sampl ing days . The pre s enc e 

of  spont aneous peaks  of growth hormone and the differen c e s  

between the t wo die t s  suggest that t h e  re sponse s  o f  

hormone s and rnet ab o l it e s  t o  st andard t e sts may yield 

further informat ion on the changes  a s s ociat ed with the 

def icient diet . 

On the pre sent evidenc e , it is  not p o s s ib l e  

t o  asse ss the re lat ive roles of  the alt ered plasma glu c o s e  

and amino ac id patt erns . A lt erat ions in both t h e  gluco s e  

and trypt ophan response to  f e e ding were evident at the 

ea�l iest t im e s  studied and the mechanisms invo lved in the 

control of f oo d  int ake are complex . However , the ro le of 

carbohydrat e metab o lism in the contro l of food int ake i s  

we l l  document ed  and the alt ered carbohydrat e met ab olism in 

p iBS fed the deficient diet de serves  further invest igat i o n .  
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3 . 2  COI'.J C LU u iO .LL:J : 

Feedinc p igs on a diet with a re lat ive trypt o

phan defic iency re sult ed in a rap id depres sion in food 

int ake . In pigs fed ad l ib itum , the depre s s ion in int ake 

was evident within 24 h and fully e stabl ished 1.vithin 3 days . 

The major effect of the def ic ient diet on meal patterns 

was a depre ssion in the averase meal siz e .  The deficient 

diet did not a l t e r  the diurnal patt ern of f e eding observed , 

but the marked diurnal feeding pat t ern raise s int erest ing 

que st ions in relat ion to diurnal patt erns of carbohydrate 

toleranc e  and growth . 

When p igs were t rained to eat the ir daily 

rat ion in a 2 h period a s im ilar depr e s sion in food intake 

occurred in pigs fed the defic ient diet . The changes in 

insulin , growth hormone , and cort isol that accompanied 

feeding were s imilar for bot h diet s . When differenc e s  in 

food int ake were taken into ac count , plasma urea level s  

appe ared e levat ed in p igs f ed the defic ient diet . Plasma 

glucose  levels  were elevat ed and tryptophan leve l s  appeared 

to be depre ssed on the deficient diet . It is concluded 

that the early chanses  in gluco se and trypt ophan may b e  

assoc iat ed with t h e  food int ake depre s s ion , but further 

studie s would be  required b efore the re lat ive importanc e 

of e ither relationship could b e  e stablished . 
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APPENDIX I 

SPECTRAL ANALYSIS OF T INE SER IES DATA : 

In the experiment on f eeding patterns , meal 

patt erns were recorded cont inuously for 15 days . The choice 

of 2 4  h as a p eriod for averaging the record repre s ented an 

arb itrary division and any informat ion on rhythms not 

harmonically related to 24 h would b e  lo st . A more ob jec

t ive approach to  t ime serie s analys is is  sp ectral analysis . 

Sp ectral analys i s  i s  an e stablished ob j ec t ive 

technique for showing p eriodic fluctuations in dat a ,  against 

a background of random variat ion . The analysis  was c arried 

out in two stage s . F irstly , an aut ocorrelat ion funct ion was 

calculat ed from the t ime seri e s .  The average food eat e n  in 

each half hour interval was c alculated from the meal st art 

t ime , meal s iz e , and meal duration and the auto correlat ion 

funct ion calculat ed by mult ip lying each po int o n  the t ime 

serie s  with itself and shift ing the two identical  t ime s erie s 

step -wise , relat ive to  each other . When all p e aks and 

troughs c o inc ided with each other ( e . g . comparing duplicat e  

t ime serie s before any shift in the time axis )  the aut o corre

lat ion funct ion take s the value of 1 .  If all peaks and 

troughs exactly cance lled e ach other , the value would b e  z ero . 

C alculat ing the autocorrelat ion funct ion has two advantage s ; 

it separat e s  the sine components from random f luctuat ions 

or 11no i s e "  ( which by def init ion cance l  each other) and 

reduce s  the data to a manageable  siz e  for calculation of 

the power spectrum . 

The second st age of the analys i s  was the c al

culat ion of the power sp e c t rum . Us ing a c o s ine transforma

t ion the relat ive power ( the s quare of the ampl itude) of the 
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s ine comp o nent c an b e  p lott ed aGainst the indep endant 

var iab l e  fr e quency . Peaks in the p o wer sp e ct rum ind i c a t e  

t h e  r e l at ive p o vJer and f r e quency o f  t h e  s ine c omp onent s 

pre s ent in the t ime s erie s . A pure s ine wave w i l l  s h o w  

p ower a t  a s ing l e  f r e quency , but i n  t h e  c a s e  o f  non- s inu s o idal 

rhyt hms , harmonic s r e lat ed to the ma j o r  p e r i o dic it i e s  may 

also show a s  p e aks . 

The s c ope of t h e  analy s i s  is limit e d  by 

s amp ling fre qu e n c y , the l engt h of the r e c ord , and drift in 

the me asured p arame t ers dur ing t h e  c our s e  of the e xp e riment . 

I t  is imp ort ant t o  choo s e  s amp l ing f r e quenc i e s  that are muc h  

high e r  t han any exp e ct e d f r e qu e nc i e s  i n  t h e  dat a . O nly f r e 

quenc i e s  gre at e r  than twice t h e  s amp l ing f r e qu e ncy c an b e  

unc o ve re d , and int erferenc e phenomenon w i l l  o c cur i f  s ampl ing 

t ake s p l a c e  at a fre quency of s im i l ar magnitud e , but out o f  

phas e w ith t h e  frequency comp o nent i n  the s amp le d  func t ion . 

I n  the pr e s e nt e xp e r iment the e f f e c t ive samp l ing f r e quenc y  

w a s  s e t  b y  t h e  E1e a l  def init ion cr it e r ia . H o �1e ve r , e xp e c t e d  

fre quenc i e s  vJould b e  c o n s ide rably l o nger than t hi s . 

The lensth o f  t h e  r e c o rd will af f e c t  the 

r e s o lut ion of spe ctral p e aks . Init ial ana ly s i s  was carried 

out on the 5 day r e c ords f or e ac h  p e r iod , but t h e r e  app e ar e d  

t o  b e  no e f f e c t s  of the t w o  d i e t s o n  f e eding p at t ern . 

C o n s e quent ly ,  t h e  3 p eriods f or each p ig \,! e r e  c omb ined and 

the ana ly s i s  p erf orm e d  on the 1 5  day s  of c ont inu o u s  r e c o rds . 

One disadvant age of p o wer s p e c t r a l  analy s i s  

i s  t h e  lo s s  o f  a l l  phas e  inf o rmat ion . Th e r e f o r e , where 

appropriat e  the phc. s e  inf orm at i on i s  shown in " averaged " 

dat a o f  appropriate f ix e d  r e c o r d  l e ngth . 

Further dis cus s ion and det a i l e d  de s cript i ons 
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of the c omput er prosrwos u s e d  in the analysis are given by 

Sare l iu s  ( 1 971 ) . 
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