
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



A STUDY OF METABOLIC DIFFERENCES BETWEEN FAT 

AND MEATY SOUTHDOWN SHEEP 

A thesis presented in partial fulfillment 

of the requirements for the degree of 

Master of Agricultural Science 

in Animal Science 

at Massey University. 

MARK LEVETT CARTER 

1987 



Tresis Copyright Form 

Title of thesis: A STUDY OF METABOLIC DIFFERENCES 

( 1) 

( 2) (a) 

( 3) 

AND MEATY SOUTHDOWN SHEEP 

I give permission for my thesis to be made available to 
readers in the Massey University Library under conditions 
determined by the Librarian. 

I do not wish my thesis to be made available to 
readers without my written consent for 
ITOnt hs. 

I agree that my thesis, or a copy, may be sent to 
another institution under conditions determined by 
the Librarian. 

I do not wish my thesis, or a copy, to be sent to 
anb~her institution without my written consent ~or 
___ ITPnths. 

I agree that my thesis may be copied for Library use. 

I do not wish my thesis to be copied for Library use 
for ITPnths. 

Signed 

Date 

I 
Tho copyrignt of t his thesis belongs to the author. Readers must 
sign t!heir narre in the space bela.v to show that they recognise 
this. They are asked to add their permanent address. 

DI\TE 

u-As .. v ,. 



ii 

ACKNOWLEDGEMENTS 

The author is especially indebted to his supervisors Dr S.N. 

McCutcheon and Dr R.W. Purchas, for their invaluable guidance and 

assistance in experimental design, procedure and evaluation. A 

further special thanks to Dr S.N. McCutcheon for the thorough and 

frequent proof-reading which was required in the preparation of this 

manuscript. 

Mrs Janice Rumbal, with her invaluable expertise, should take 

full credit for the smoothness of the blood sampling and animal 

handling which was carried out in an intense regime and sometimes 

under difficult conditions. For the IGF-1 assays I would like to 

thank Dr P.D. Gluckman and his laboratory staff, and for the other 

hormone and metabolite assays Mrs Janice Rumbal, Mrs Janice Bridges 

and Ms Geraldine Barrie. I would also like to thank Tim van Iersol, 

Barry Parlane and the other Post-grads and staff who helped with the 

feeding of animals, cleaning of the research area, and blood 

sampling during the experimental period. 



ACKNOWLEDGEMENTS 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF ABBREVIATIONS 

TABLE OF CONTENTS 

CHAPTER I: REVIEW OF LITERATURE 

Introduction 

Selection Lines for Growth Characteristics 

Variation Bet>veen Selection Lines in Nutrient Utilization 

1. Voluntary intake (appetite) 

2. Digestive efficiency 

3. Metabolic efficiency 

4. Nutrient partitioning 

Endocrine Control of Nutrient Deposition 

1. Protein 

A. Factors affecting myogenic cell proliferation 

iii 

ii 

vi 

vii 

viii 

1 

2 

4 

5 

8 

9 

13 

15 

15 

in prenatal and early life 15 

B. Postnatal endocrine effects on muscle cell hypertrophy 18 

i. 

ii. 

iii. 

iv. 

Insulin 

Growth hormone 

Thyroid hormones 

Glucocorticoids 

2. Carbohydrate and fat . 

A. Insulin . 

B. Sympathetic nervous system 

C. Specific lipogenic enzymes 

19 

20 

21 

22 

22 

23 

25 

25 



iv 

Physiological Characteristics as Potential Predictors 

of Genetic Merit for Lean Meat Production . . 27 

CHAPTER II : EXPERIMENTAL 

PLASMA METABOLITE AND HORMONE CONCENTRATIONS AS PREDICTORS OF 

GENETIC MERIT FOR LEAN MEAT PRODUCTION IN SHEEP: EFFECT OF 

METABOLIC CHALLENGES AND FASTING 

Abstract 

Introduction 

Materials and Methods 

1. Animals 

2. Experimental Procedure 

3. Determination of Plasma Hormone and Metabolite 

Concentrations 

4. Glucose Tolerance Test 

5. Statistical analysis 

28 

29 

31 

31 

32 

35 

36 

36 

Results . 37 

1. Liveweights, liveweight gains and backfat measurements 37 

2. Baseline metabolite/hormone concentrations 38 

3. Adrenalin challenge 

4. Insulin challenge . 

5. Glucagon challenge 

6. Glucose challenge . 

7. Fasting and refeeding 

Discussion 

40 

42 

42 

45 

47 

51 



CHAPTER III : GENERAL DISCUSSION 

Baseline Concentrations of Metabolites/Hormones 

Responses to Metabolic/Hormonal Challenges 

Summary . 

APPENDIX 

REFERENCES 

v 

60 

63 

66 

68 

71 



Table 1.1 

Table 2.1 

Table 2.2 

Table 2.3 

Table 2.4 

Table A.1 

LIST OF TABLES 

Response to selection for growth characteristics 
in ruminants . 

Metabolic challenges, injection 
and dose rates administered to 
Meaty Southdown ram lambs 

concentrations 
10 Fat and 10 

Animal Liveweights, liveweight gains and backfat 
measurements of 10 Fat and 10 Meaty Southdown 
ram lambs 

Baseline plasma concentrations of growth hormone 
IGF-1, urea, glucose, insulin and NEFA in 10 Fat 
and 10 Meaty Southdown ram lambs 

Glucose tolerance test parameters calculated 
from plasma concentrations of glucose and 
insulin after an intravenous glucose challenge 
(1.7g/kg liveweight) in 10 Fat and 10 Meaty 
Southdown ram lambs 

Source of hormone and assay parameters for the 
measurement of insulin and growth hormone 
concentrations . 

vi 

3 

. 33 

. 38 

• 39 

. 47 

. 70 



Figure 1.1 

Figure 2.1 

Figure 2.2 

Figure 2.3 

Figure 2.4 

Figure 2.5 

Figure 2.6 

LIST OF FIGURES 

A possible framework for the discussion of 
genetic aspects of growth (from Robertson 1982) 

Plasma concentrations of glucose and non­
esterified fatty acids during an intravenous 
adrenalin challenge (1.0~g/kg liveweight) in 10 
Fat and 10 Meaty Southdown ram lambs 

Plasma concentrations of glucose and non­
esterified fatty acids during an intravenous 
insulin challenge (0.01mg/kg liveweight) in 10 

vii 

5 

. 41 

Fat and 10 Meaty Southdown ram lambs . . . . . . . . 43 

Plasma concentrations of glucose non-esterified 
fatty acids and insulin during an intravenous 
glucagon challenge (0.175~g/kg liveweight) in 10 
Fat and 10 Meaty Southdown ram lambs 44 

Plasma concentrations of glucose and insulin 
during an intravenous glucose challenge (1.7g/kg 
liveweight) in 10 Fat and 10 Meaty Southdown ram 
lambs . . . . . . . . . . . . . . 46 

Plasma concentrations of growth hormone, insulin 
and urea during a 63.5 h fasting and 7.5 h 
refeeding period in 10 Fat and 10 Meaty Southdown 
ram lambs . 

Plasma concentrations of glucose, NEFA and 
P-hydroxy butyrate during a 63.5h fasting and 7.5 
refeeding period in 10 Fat and 10 Meaty Southdown 
ram lambs 

49 

. 50 



ADG 
AN OVA 
BMR 
BSA 
BW 
cAMP 

cv 
dl 
DM 
DNA 
e 
g 

G(t) 
h 
h2 

IGF-1 
IU 

Kg 
kg 
LPL 
mg 
mm 

mM 

ml 
MAN OVA 
MEI 
MJ ME 

MSA 
NADPH 
ng 
NSILA 
NEFA 
p 

r 

RNA 
SED 
SEM 

T3 
T4 

pg 
~g 

~1 

LIST OF ABBREVIATIONS 

average daily gain 
analysis of variance 
basal metabolic rate 
bovine serum albumin 
body weight 
cyclic adenosine monophosphate 
coefficient of variation 
decilitre 
drymatter 
deoxyribonucleic acid 
natural base of logarithms 
gram 
glucose concentration at time t 
hour 
heritability 
insulin-like growth factor-1 
international unit 
glucose fractional decay constant 
kilogram 
lipoprotein lipase 
milligram 
millimeter 
millimolar 
millilitre 
multivariate analysis of variance 
metabolizable energy intake 
megajoules metabolizable energy 
mulplicative stimulating activity 
nicotinamide adenine dinucleotide 
nanogram 
non suppressible insulin-like factors 
non-esterified fatty acids 
probability 
correlation coefficient 
ribonucleic acid 
standard error of the difference 
standard error of the mean 
triiodothyronine 
thyroxine 
picogram 
microgram 
microlitre 

Levels of Statistical Siqnificance 

NS Not significant P>O.l 

t 0.05< p <0.1 

* 0.01< p <0.05 

** 0.001< p <0.01 

*** P<O.OOl 

viii 



Introduction 

CHAPTER I 

REVIEW OF LITERATURE 

1 

The level of fatness in sheep meats is a key factor taken into 

account by consumers at all levels. With pricing structures offered 

to producers now starting to reflect this demand, there is a need 

for an increased understanding of the factors which affect the 

composition of growth so that the producer will be able to more 

efficiently adjust the growth patterns of young animals. The basic 

objective in the long term is to develop an animal which grows an 

increased proportion of lean tissue more efficiently {Simm and 

Smith 1984) . Selection of lean growing animals by existing methods 

of body composition estimation is hampered by lov1 correlations with 

true composition. The identification of metabolic markers of 

genetic merit for lean meat production is being attempted in the 

hope that these markers will improve the potential rate of genetic 

gain. 

There is considerable natural variation in composition of 

growth both within and between breeds of sheep. The most variable 

body component is the proportion of fat {eg the fat composition of 

a 35 kg lamb may vary from 17-30%; Black 1983). Environmental 

effects explain a large proportion of this variation, but there 

still remains a highly significant genetic component {h2=0.2-0.4; 

Wolf et al. 1981; Bennett et al. 1984; Parratt et al. 1987). This 

genetic component has been exploited in a number of within-breed 

selection experiments. 
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Selection Lines for Growth Characteristics 

Selection experiments, where the selection criterion is a 

specific growth characteristic, provide a means of further 

examining the extent of within-breed genetic variation. Selection 

experiments also allow the physiological basis of genetic 

differences to be studied with the findings of such studies having 

two possible applications. First, the accuracy of selection for 

lean meat growth could be improved through the use of metabolic 

markers. This would be a particular advantage as existing methods 

of assessing fatness in the live animal are only moderately 

correlated with lean carcass growth (Parratt et al. 1987) and are 

most accurate when animals are at least 12-15 months old (Purchas 

et al. 1981). Metabolic markers may be more accurate predictors of 

the individual's genotype and/or measurable at earlier ages than 

other currently available methods. Secondly, an understanding of 

the physiological basis of gene expression may lead to the 

development of exogenous growth-promoting agents and, in the long 

term, to the identification and manipulation of specific genes 

controlling growth. 

Many ruminant selection lines have been generated by selection 

on the basis of specific growth characteristics. A summary of some 

of the available information on these is shown in Table 1.1. Where 

selection has been for early liveweight (weaning weight or yearling 

liveweight) there has generally been a correlated increase in 

mature weight. This in most cases has explain~d a high proportion 
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of variation in composition on a weight-constant basis. There have 

been many other experiments in a range of species that have shown 

similar correlated responses in mature weight to selection for 

liveweight at earlier ages. These include studies in mice (McCarthy 

1979; Brien 1987), pigs (Vangen 1980) and cattle (Newman et al. 

1973; Koch et al. 1974b; Barlow 1979; Karlson 1979; Irgang et al. 

1985) . 

Table 1.1 Response to selection for growth characteristics in 
ruminants. 

Breed & Selection Realized Correlated Reference 
species criteria a h2b responses 

1 Merino ±WWT 0.25 ± mature wt Pattie et al. 
sheep (1966) 

2 Targhee ±WWT 0.17 + mature & birth wt Lasslo et al. 
sheep ±WWT 0.08 + mature & birth wt (1985b) 

3 Angus +WWT 0.30 + mature wt Aaron et al. 
cattle +YWT 0.38 + mature wt (198 6b) 

4 Hereford +WWT 0.21 + growth rate Buchanan et al. 
cattle +YWT 0.30 + growth rate (1982b) 

+MS 0.27 + birth wt 

5 Hereford +LGR 0 growth rate Smith (1986) 
cattle +LCE + growth rate 

6 Coopworth +USBF 0 growth rate Fennessey et al. 
sheep -USBF + birth weight (1987) 

7 Southdown ±USBF 0 growth rate Kadim (1987) 
sheep 

a WWT=weaning weight, YWT=yearling weight, MS=muscling score, 
LGR=lean growth rate, LCE=lean food conversion efficiency, 
USBF=weight-corrected ultrasonic backfat thickness. 

b Realized heritability of the trait selected for in the respective 
experiments. 

Where selection criteria have included some measure of 

efficiency of growth or composition of growth, a correlated response 

in mature size has not been observed. In the case of selection for 

efficiency of growth this is expected as increases in mature weights 
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are generally associated with increased accumulated feed intakes. 

Hence large animals have little or no advantage in terms of 

efficiency (Taylor 1987) Selection for any measurement of 

composition on a weight-corrected basis has also tended not to 

result in correlated increases in growth rates or adult liveweights 

(Fennessy et al. 1987; Kadim 1987) 

It is apparent from these ruminant experiments, including the 

lines of interest in this study (Experiment 7, Table 1.1), that 

selection for increased lean growth has not resulted in correlated 

increases in mature weight. This would suggest that selection on the 

basis of weight-corrected backfat depth has favoured strains of 

animals which at the same age/weight partition available nutrients 

differently without having associated changes in mature weight. 

Variation Between Selection Lines in Nutrient Utilization 

In the absence of mature weight effects, differences in 

composition of growth observed in the lean and fat selection lines 

must result from a disproportionate change in the level of one or 

more of the following; intake, digestive efficiency, metabolic 

efficiency, and nutrient partitioning (Figure 1.1). 



Figure 1.1 A possible frame'l·lOrk for the discussion of genetic 
aspects of growth {From Robertson 1982) 
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In the following sections the degree to which variation in 

composition of growth observed between selection lines can be 

attributed to variation in each of these components will be 

discussed. 

1. Voluntary intake (appetite). 

There have been many growth rate selection experiments 

conducted which have shown a clear positive relationship between 

accumulated food intake and mature body weight. These include 

studies in mice (McCarthy 1979; McPhee et al. 1980), pigs (Vangen 

1977), cattle {Thiessen 1985), and sheep {Dodson et al. 1983; 

Thompson et al. 1983). In further support of the genetic 

relationship between appetite and mature size, cattle selected for 

intake have shown correlated increases in liveweight and liveweight 

gains (Korver et al. 1986). The key issue is, however, whether there 

is significant genetic variation in intake additional to that 



6 

explained by mature weight which is related to variation in the 

composition of growth. Selection for early liveweight (5-6 weeks) in 

mice appears to have exploited genetic variation in appetite (Baker 

et al. 1979; Roberts 1979; McCarthy 1979; McPhee et al. 1980). It 

appears that in the young animal food intake is the most limiting 

factor to growth (Robertson 1982), while in later life increased 

appetite in the selected line explains increased fat deposition. 

(Baker et al. 1979; Roberts 1979). Thompson et al. (1985) found some 

evidence of differences in appetite between the small and large 

lines of sheep above that explained by mature weight. At early ages 

the large lina had slightly higher intake adjusted for mature 

liveweight. This difference appeared to be minor compared to that 

explained by differences in mature weight. 

Selection for composition in pigs has not shown any consistent 

correlated increases in intake (Vangen 1980; Yen et al. 1983). 

Standal et al. (1985), in a review of Norwegian, French, Canadian 

and British pig selection experiments, concluded that there was a 

strong positive genetic correlation between growth rate and appetite 

but little or no genetic relationship between appetite and 

composition of growth. 

In the grazing animal individual variation in diet selection is 

another factor which may result in an altered composition of growth. 

It may be that the lean genotypes select a diet which alters the 

intestinal flow or balance of amino acids and that this affects the 

net level of protein deposition. In general support of this view, 

the balance of amino acids, (particularly methionine, lysine, 
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histidine and to some extent arginine) in microbial protein is 

thought to limit ruminant productivity (Pisulewski et al. 1985; 

MacRae et al. 1986). This has been demonstrated in experiments where 

intestinal infusions and protection of protein from rumen 

fermentation have enhanced total growth and in some cases increased 

the proportion of lean growth (Norton et al. 1970; Orskov et al. 

1976; MacRae et al. 1986; Purchas et al. 1984). 

There is little information available on diet selection which 

applies directly to selection for composition in ruminants. However 

in a review of work carried out in fleece weight-selected Merinos, 

Clark (1987) concluded that correlated responses in diet selection 

were small, inconsistent and unlikely to contribute greatly to 

between-line variation in wool production. In an experiment carried 

out with rams from the Massey University Fat and Meaty selection 

lines (Experiment 7, Table 1.1), the meaty rams tended to select 

against stalk in their daily allowance of lucerne chaff (Bremmers et 

al. 1987). This did not result in significant between-line 

differences in either the nitrogen or energy digestibility of the 

diet consumed but the meaty line did have a significantly higher 

energy retention rate. A subsequent study failed to confirm this 

difference (van Maanen et al. 1987). 

Considering the capacity of the rumen to largely buffer dietary 

effects of alterations in protein intake and amino acid balance 

(MacRae et al. 1986), and the generally low level of variability in 

diet selection exhibited by lines of sheep (Weston 1959; Ahmed et 

al. 1963), it seems unlikely that variation in diet selectivity will 
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be a major factor contributing to variation in the composition of 

growth between selection lines. However in the absence of research 

specifically examining selection line differences in diet selection 

under grazing conditions, this possibility cannot be discounted. 

2. Digestive efficiency. 

Digestive efficiency is a measure of the animal's ability to 

extract nutrients from the food that it consumes. It is generally 

measured simply from intake-faecal output differences (ie apparent 

digestibility) . This provides a good estimate of the efficiency of 

digestion of total food intake. However, when considering specific 

nutrients, endogenous contributions to faecal output can greatly 

bias measurements. 

It is generally accepted that variation between mouse 

selection lines in digestive efficiency is not an important source 

of genetic variation in gross food conversion efficiency (McCarthy 

1979; Thompson 1987) . In ruminants, digestive efficiency is greatly 

affected by many dietary factors and to some extent by the animal's 

physiological state and resulting appetite (Poppi 1983). However, 

under standardised conditions most variation in digestive 

efficiency is removed. Bauman et al. (1985) reviewed experiments in 

cows, steers, and wethers which showed that the level of variation 

in digestive efficiency was very low (coefficient of variation (CV) 

of 1.9-2.5% in animals whose productive output had a CV of 19-23%). 

In an experiment with fleeceweight-selected and control Romney ram 

lambs, McClelland et al. (1986) also reported a relatively low 



9 

level of variation in digestibility (CV =3 .5%) and small 

inconsistent differences between the lines. 

Yen et al. (1983) and Henderson et al. (1984) examined the 

apparent digestibility of nitrogen and energy in lean, obese and 

control lines of pigs. It was concluded that although the lean line 

retained a higher proportion of digested nitrogen, this difference 

was not related to digestibilities of either dietary nitrogen or 

energy. In an experiment with rams from the Massey University Meaty 

and Fat selection lines (as previously described), Brernrners et al. 

(1987) also reported no differences in digestibility of either 

nitrogen or energy. 

3. Metabolic efficiency. 

Metabolic efficiency of a sheep is defined as the proportion of 

digested energy which is deposited in or secreted as tissue, milk, 

conceptus and wool. In theory the difference between that energy 

digested and that secreted or deposited will be lost as heat and/or 

dispatched as some form of work . In the following section, factors 

which have been shown to explain variation in heat production, and 

the extent to which these can be related to between-line variation 

in composition of growth, will be discussed. 

Components of heat production have been further identified as; 

basal or fasting metabolism (BMR), heat of activity, heat of 

digestion, absorption and assimilation, heat of thermo regulation, 

heat of fermentation and heat of waste formation and excretion. Of 

MASSCY UNIVERSITY 

J,l_~_RA!U 
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the above components, basal heat production is the major 

contributor to total heat production and is likely to be the 

dominant source of variation in heat production (Baldwin et al. 

1984) . Basal heat production has been shown to be an approximate 

function of surface area (ie metabolic body weight, Bw2 13 ). The 

underlying concept is that the energy cost of maintaining body 

temperature is a function of the surface area to volume ratio. 

Examination of a range of species has shown that BMR is best 

described by the equation y =a Bw0 · 75 . The adoption of 0.75 as the 

exponent has been largely on empirical grounds, estimates having 

been shown to vary from 0.4-0.85 (Baldwin et al. 1984). The value 

of the coefficient "a" accounts for variable effects of activity, 

thermoregulation, and physiological state. Estimates of these 

coefficients are readily available from feeding tables generated 

from experimental data. 

There is little information available which attributes basal 

heat production to specific physiological or metabolic processes. 

In general, functions which contribute to basal heat production are 

(a) service functions such as those of the heart, liver, lungs, 

kidney and accompanying endocrine and nervous integration and 

control, and (b) tissue cellular level functions such as 

maintenance of membrane potentials and macromolecule resynthesis 

(Bald1vin et al. 1984) . 

Considerable variation in BMR observed between lambs and adult 

ewes, and between cold-stressed and unstressed lambs, has been 

attributed to ATP-dependent Na+ and K+ transport (Baldwin et al. 



11 

1984) . It appears that thyroid hormones may regulate this heat 

production by affecting the level of Na+ and K+ pumping. Another 

source of variation which has explained effects of both breed and 

physiological state on BMR is relative organ weights (Thompson 

1987). Baldwin et al. (1984) reviewed experiments in lactating vs. 

non lactating dairy cows and rats and in high- vs low-fed pigs and 

sheep. All studies showed strong positive correlations between BMR 

and relative weights of the visceral organs and gastrointestinal 

tract. The energy expenditure of these tissues appears to account 

for a large proportion of total maintenance requirements and is 

related to high rates of protein synthesis in these organs. In a 

review of experiments with lactating cmvs, genetic merit for milk 

production was also shown to be positively correlated with visceral 

organ and intestine weights and maintenance requirements. 

Furthermore, the higher relative maintenance costs of high 

producing cows in a good environment are thought to explain the 

genotype by environmental interaction observed when these cows are 

apparently at a disadvantage in a restrictive environment (Ferrell 

et al. 1985) In a contrasting review Bauman e t a l . ( 1 9 8 5 ) 

concluded that cows in the same physiological state consuming the 

same diets showed a low level of variation in maintenance 

requirement while exhibiting a much greater degree of variation in 

productive output. 

In an experiment with gro"lving sheep Leyrnaster et al. (1985) 

showed a moderate correlation between rate of offal protein 

accretion and growth rate (r=O. 58). Low but significant 

correlations between offal protein accretion rate and compositional 
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traits were also shown (eg r=-0.33 between offal protein accretion 

rate and carcass fat composition) . It was suggested on this basis 

that accretion rate of offal has effects on partitioning of 

nutrients betv1een heat production, protein and fat. 

Yen et al. (1983) showed by indirect calorimetry that a fat 

selection line of pigs had a lower BMR than a contemporary lean 

selection line. Lower relative weights of gut and organs in the fat 

line were thought to be the explanation for this difference. In a 

later experiment (Yen et al. 1985), with animals drawn from the 

same selection lines, lower levels of circulating triiodothyronine 

(T3) were found in the fat line, although thyroxine (T4) levels 

were not different. T3 is thought to be the active form of the 

thyroid hormones in terms of effects on heat production, and 

therefore may also be related to the differences in BMR between 

these lines. York et al. ( 197 8) showed similar differences in T3 

concentrations between obese and lean mice. 

The largest and most consistently reported effect on BMR 

appears to be the relative weights of the visceral organs and 

intestines. It appears that the rapid rate of protein synthesis in 

these tissues is the explanation for this effect. Thus the 

correlation between the rate of protein synthesis and fasting heat 

production has been shown to be 0.7-0.95 and protein synthesis in 

the visceral organs and intestines accounts for approximately 50% 

of total body protein synthesis (Yen et al. 1983; MacRae et al. 

198 6) . 
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In three experiments with rams drawn from the Massey University 

Fat and Meaty selection lines (Experiment 7, Table 1.1) the Meaty 

line invariably exhibited slightly higher organ weights (Kadim 

1987). However the differences did not consistently reach 

statistical significance. Considering this observation, the 

relatively small differences in carcass protein content 

(approximately 5%; Kadim 1987) and the relatively slow rate of 

protein synthesis in skeletal muscle (MacRae et al. 1986), it seems 

unlikely BMR will greatly differ between the Fat and Meaty 

selection lines of interest in this study. 

4. Nutrient oartitioninq 

Much variation in the relative rates of fat and protein 

deposition observed between breeds and different strains of the 

same breed can be accounted for by mature size effects. In general 

an animal with a potentially larger mature size, when compared at 

the same weight, will be relatively less mature, growing faster, 

and be depositing less fat (Webster 1977). However, in this 

discussion variation in nutrient partitioning above that explained 

by mature size effects is of primary interest. It appears from 

selection experiments carried out in a range of species that there 

is considerable genetic variation in nutrient partitioning and that 

this is likely to be the dominant source of genetic variation in 

the composition of growth, particularly considering the generally 

low level of variation in digestive and metabolic efficiency. Mice 

selected for weight gain under a restricted feeding regime are 

thought to have exploited genetic variation in nutrient 
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partitioning. Because the energy cost of fat deposition is 

considerably higher than that of wet protein deposition (30 vs. 5 

MJ/kg, Webster 1977; 5:1 ratio, Baldwin et al. 1984), selection for 

growth rate has tended to favour lean growth (Hetzel et al. 1978). 

Further illustration of the relative energy costs of fat vs protein 

deposition has been shown in a comparison of tissue deposition 

efficiency in Charolais and Friesian cattle. Higher efficiency of 

tissue deposition in Friesians was related to increased 

partitioning of nutrients into protein in this breed (Geay et al. 

1979). Similarly bulls fed ad-lib, which tend to deposit more 

protein than steers, have higher basal heat production associated 

with the higher energy cost of protein deposition. However, they 

are more efficient than steers because of the lower relative energy 

cost of wet protein deposition (Baldwin et al. 1984). Tess et al. 

(1984) reviewed a number of experiments in sheep, pigs and rats and 

although in most cases there was an energetic advantage in protein 

vs fat deposition, this was not always the case. Furthermore in an 

experiment with lean and fat selection lines of pigs Tess et al. 

(1984) concluded that genetic variation in energetic efficiency may 

exist independently of any association with lean mass and total 

protein and fat deposition. 

Where ruminants have been selected for lean growth there has 

tended not to be any correlated increase in mature size (as 

previously discussed) . It also seems unlikely that the responses to 

selection have resulted from correlated responses in intake, 

digestive or metabolic efficiency. In this light the Meaty and Fat 

lines of interest in this study seem most likely to differ in the 
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way they control nutrient partitioning between fat and protein 

deposition. In the following sections neuroendocrine factors which 

are known to be involved in the control of protein and fat 

deposition will be discussed. 

Endocrine Control of Nutrient Deposition 

1. Protein 

The rate of skeletal muscle protein deposition at any 

particular age is well explained by the animal's relative maturity. 

It is now generally accepted that, in the absence of nutritional 

restrictions and/or imbalances of permissive factors (such as 

insulin and thyroid hormones), growth hormone and related 

somatomedins initiate and control this skeletal growth of bone and 

protein (Goldberg et al. 1980). However factors which invoke 

increased lean growth above that explained by mature size effects 

are of particular interest in this study. 

A. Factors affecting myogenic cell proliferation in prenatal and 

early life 

There is considerable evidence which suggests that potential 

muscle mass is determined prenatally, or in early in life, by the 

level of muscle DNA replication. Muscle DNA accumulates post-natally 

as a result of muscle satellite cell replication which serves to add 

new DNA to existing muscle fibres. One hypothesis is that the level 

of DNA replication is related to the number of precursor satellite 
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cells which are present at or close to birth (Allen et al. 1979). 

The degree to which satellite cells contribute to myofibril DNA 

content is thought to affect the potential level of cellular protein 

accumulation. In support of this Hoffman et al. (1983) and Purchas 

et al. (1985) reported lower numbers of satellite cells showing 

proliferative activity in fat selection lines of pigs and mice 

respectively. Lord et al. (1986) also reported an increased in vitro 

incorporation of labelled thymidine into muscle of young lambs from 

a lean selection line (as previously described, Experiment 6, Table 

1.1) compared to that of contemporary lambs from the fat line. The 

rate of muscle thymidine uptake is thought to be related to the rate 

of DNA synthesis. 

There is little known about the endocrine factors which 

influence the replication of the myogenic precursor cells 

prenatally. Work reviewed by Hoffman et al. (1983) seemed to 

indicate that hypothalamic factors are not involved to a large 

extent as it has been shown that decapitated foetal pigs continue to 

grow normally to birth. However in one experiment, Hoffman et al. 

(1983) were able to relate differences in foetal composition of 

genetically lean and obese pigs to differences in plasma growth 

hormone levels. In further support of hypothalamic factors having 

control over early muscle cell replication, Hausman et al. (1987) 

showed that hypophysectomized pig foetuses had reduced activities of 

muscle fibre ATPase and other enzymes indicating delayed fibre type 

differentiation. 

There has also been much speculation as to the involvement of 

placental factors such as prolactin and placental lactogen which may 
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be related to foetal liver production of insulin-like growth factors 

(IGF's) (Allen et al. 1979). Studies with cultured foetal muscle 

tissue have shown clear effects of IGF-1 on the rate of myogenic 

cell proliferation. (Atkinson et al. 1987). 

Postnatal treatment of young animals with exogenous growth 

hormone has shown clear increases in both growth rate and the 

relative rate of protein deposition (Chung et al. 1985; Pell et al. 

1987) . Plasma concentrations of growth hormone have also been shown 

to be higher in pigs from lean selection lines (Ringberg Lund-Larsen 

et al. 1975; Althen et al. 1976). Kotts et al. (1987) have conducted 

an experiment which suggests that the effects growth hormone on 

growth are partly attributable to increased promotion of myogenic 

cell proliferation. This experiment showed that sera from young pigs 

treated with growth hormone caused generally higher levels of in 

vitro myogenic cell proliferation than pre-injection sera. IGF-1 

levels were only moderately correlated with the magnitude of the 

proliferative response. This suggests that there are additional 

factors elevated by growth hormone which have not been identified. 

Other peptide factors which may be involved in the stimulation of 

muscle cell replication include multiplicative stimulating activity 

(MSA), nonsuppressible insulin-like factors (NSILA), and fibroblast 

growth factor (reviewed by Allen et al. 1979). 
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B. Postnatal endocrine effects on muscle cell hypertrophy 

Skeletal protein is a very dynamic tissue, net protein 

deposition being a function of the difference between simultaneous 

synthesis and degradation. During growth the rate of degradation is 

almost as rapid as the rate of synthesis. eg in a growing pig 2 

grams of protein synthesised is matched by 1 gram degraded (Waterlow 

1984) In growth both the rate of synthesis and the rate of 

degradation are elevated. For example, in young mice the rate of 

protein degradation is 3-7 times that of adult mice (Waterlow 1984) . 

It seems that mechanisms which control the balance of protein 

synthesis and degradation will be major determinants of the animal's 

surplus energy levels as the energy expenditure in protein synthesis 

is a relatively high proportion of the total energy expenditure (eg 

15% of MEI in a lamb growing at 200g/d; Waghorn et al. 1984). 

Increased synthesis results from increased translational 

capacity of the muscle cells (the number and capacity of the 

ribosomes and in some cases the amount of mRNA) and degradation by 

increased activity of proteinases and the lysosomal system. Control 

of the relative activities of these mechanisms is not fully 

understood. There may be intracellular links and/or outside 

influences which coordinate these processes. Insulin, growth 

hormone, thyroid hormone and glucorticorticoids have all been shown 

to have effects on the relative rates of protein synthesis and 

degradation (Goldberg et al. 1980). 



19 

i. Insulin 

Insulin is thought to partly explain the decreased protein 

degradation and enhanced protein synthesis which occur in response 

to feeding. Increased insulin concentration has been shown to 

increase muscle cell amino acid uptake and incorporation into 

protein in vitro. However, the presence of amino acids and glucose 

alone have also been shown to have this effect (Goldberg et al. 

1980) . In support of insulin having a role in controlling protein 

metabolism, exogenous insulin treatment of alloxan diabetic cattle 

has been shown to restore plasma urea to pretreatment levels and to 

stimulate cellular uptake of branched-chain amino acids (Prior et 

al. 1983). Sumner et al. (1983) also showed that sheep infused with 

insulin had reduced plasma urea levels and urea excretion rates. 

Assuming equal pool sizes and plasma urea clearance rates, 

differences in plasma urea concentrations are likely to reflect 

differences in the rate of protein degradation (Goldberg et al. 

1980) . 

Insulin is intimately involved in the control of amino acid 

uptake and the supply of energy to the muscle cell, and is a 

necessary co-factor to growth hormone for liver synthesis of IGF's 

(Allen et al. 1979). However circulating levels of insulin have been 

more often negatively associated with protein deposition (Trenkle et 

al. 1978), and are therefore not thought to be related to between­

line differences in protein deposition. 
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ii. Growth hormone 

Goldberg et al. (1980) reported that hypophysectomised rats had 

reduced rates of protein synthesis, protein degradation and protein 

gain. Growth hormone infusions restored the rate of protein 

synthesis but only in the presence of low levels of thyroid hormone. 

Exogenous treatment of lambs with growth hormone (Chung et al. 1985; 

Butler-Hogg et al. 1987; Pell et al. 1987) and of steers with growth 

hormone-releasing factor (Moseley et al. 1987) have shown clear 

increases in the net rate of protein deposition. These animals 

showed a corresponding increase in nitrogen retention rates, 

apparently in the absence of effects on digestive efficiency. 

Selection for lean growth in pigs has shown correlated responses in 

basal levels of growth hormone and IGF's (Althen et al. 1976, 

Ringberg Lund-Larsen et al. 1977). 

There seems to be little doubt that growth hormone has effects 

on the net rate of protein deposition. It also seems likely that the 

effects of growth hormone are invoked both via the related IGF's 

(Ringberg Lund-Larsen et al. 1975) and by direct effects on muscle 

cells (Florini 1985) The information available does not allow 

conclusions to be drawn as to whether the observed increase in 

protein deposition rates results from relative increases in 

synthesis, decreased rates of protein degradation, or both. However, 

somatomedins (IGF I&II) and growth hormone have been shown to 

increase muscle cell substrate uptake, ribosome activity,DNA 

synthesis and protein synthesis in vitro (Florini 1985; Froesch et 

al. 1985) . 
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iii. Thyroid hormones 

Exogenous thyroid hormone treatment has been shown to restore 

protein degradation rates in hypophysectomised rats to levels equal 

to that of a control group. Furthermore, it is thought that the 

wasting of muscle in cases of hyperthyroid activity is related to 

thyroid-stimulated degradation. Thyroid hormone is also considered a 

permissive factor to protein synthesis (Goldberg et al. 1980; 

Florini 1985) . 

There appears to be some interaction betv1een thyroxine and the 

effects of growth hormone and related IGF's on other tissues. It is 

thought that the thyroid hormones may regulate the number of muscle 

IGF receptors (Spencer 1985), positively interact with growth 

hormone releasing factor in stimulating hypothalamic production of 

growth hormone (Leung et al. 1985) and also be a necessary co-factor 

for grm.;th hormone-stimulated synthesis of IGF' s (Froesch et al. 

1985) . The significance of these interactions in terms of the 

composition of growth remains unknown. However, thyroid hormone 

differences have been shown between selection lines of pigs and 

mice, as previously discussed, and these were associated with 

differences in heat production. It is possible that the differences 

in heat production could be related to higher relative rates of 

protein synthesis in the lean lines. 
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iv. Glucocorticoids 

Glucocorticoid treatment of rats was associated with decreased 

rates of protein synthesis and amino acid uptake and increased rates 

of protein degradation (Goldberg et al. 1980; Florini 1985). 

Treatment of domestic species with high doses of glucocorticoids has 

been shown to decrease growth rate, and is believed to have direct 

suppressive effects on muscle cell DNA and protein synthesis while 

also increasing the fractional protein degradation rate (Spencer 

1985). Glucocorticoids at physiological levels seem to be 

principally involved with the mobilisation of amino acids and energy 

substrates while the animal is in negative energy balance (Spencer 

1985) . However there is some evidence that glucocorticoids given in 

low doses stimulate proliferation of primary rat myoblasts and 

glucose uptake (Florini 1985) . Some in vivo studies have also shown 

increased growth rate and carcass fat content in lambs treated with 

cortisol analogues, although results have been variable (Purchas 

1972) . Adrenalectomy has also been shown to abolish the increased 

lipid and decreased protein content of growth observed in obese 

Zucker rats (Fletcher 1986) . 

2. Carbohydrate and fat 

The principal role of carbohydrate and lipid metabolism is to 

maintain energy homeostasis. Thus differences in fat deposition 

may be secondary to changes in other aspects of metabolism which 

have affected the level of surplus energy. The alternative is that 

changes in carbohydrate or fat metabolism results in changes in the 
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animal's gross efficiency, and therefore affect the amount of 

surplus energy. 

It is generally accepted that obesity arises irrespective of 

the genetically-determined number of adipocytes. Increased fatness 

observed in fat selection lines of pigs (Hood 1983) and sheep 

(Kadim 1987) has largely been a consequence of increased fat cell 

hypertrophy Some studies have shown increases in the number of 

subcutaneous adipocytes in fattening. However it appears that these 

increases in fat cell number are a result not of cell replication 

but of recruitment of pre-adipocyctes which are only identifiable 

after fat is deposited in them. Attempts to prevent fat deposition 

by reducing the number of adipocytes in early life have been 

unsuccessful (Wood 1982) . 

A. Insulin 

In humans, obesity has often been associated with elevated 

basal insulin levels and exaggerated response of plasma insulin to 

exogenous glucose infusions. These differences are thought to be a 

result of relative tissue insensitivity to insulin and/or increased 

pancreatic sensitivity to glucose (Waghorn et al. 1984). Similar 

differences have been shown between lean and fat selection lines of 

pigs (Wangsness et al. 1977; Mersmann et al. 1982), fat milk-fed 

lambs and lean early weaned lambs (Munro et al. 1984), lean and fat 

adult sheep (McNiven 1984), and lean and obese heifers (McCann et 

al. 1985a,b). McCann et al. (1985b) suggested that, in most cases, 

the relative insulin insensitivity was a result of decreased numbers 

of insulin receptors. 
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It is thought that the generally higher level of circulating 

insulin in fat animals provides greater suppression of lipolytic 

stimulus and that this tends to increase the animals' efficiency. In 

support of this view, insulin has been shown to reduce the lipolytic 

effect of adrenalin in cattle (Jones et al. 1983). Pigs from fat 

selection lines with higher basal insulin levels showed lower 

lipolytic responses to exogenous adrenalin (Standal et al. 

1973,1979; Mersmann et al. 1982). Brocklen et al. (1986) also showed 

reduced lipolytic responses of fat Pietrain pigs injected with 

adrenalin. It appeared that the reduced response was related to 

reduced numbers of adrenergic receptors. This effect could be 

independent of the effects of higher insulin levels. It appears from 

this information that reduced lipolytic sensitivity of pigs from fat 

selection lines may contribute to their decreased tendency to 

deposit lean tissue. 

Another possible effect of insulin is that it is associated 

with the animal's intake control mechanism. It has been demonstrated 

in human-related research that insulin binds hypothalamic receptors 

which provides stimulus to the central nervous system and possibly 

affects the satiety centre (Posner 1987). However, in ruminant 

experiments, exogenous insulin has not been demonstrated to affect 

intake (Baile et al. 1974). There is evidence that insulin can act 

via the hypothalamus to cause peripheral uptake of glucose and 

affect hepatic glycogen metabolism independent of direct effects of 

insulin in humans (Posner 1987) . However the presence or importance 

of such a stimulus in ruminants is largely unknown. 



25 

Lord (1986) was not able to show any differences in the 

glucose-insulin status of sheep drawn from lean and fat selection 

lines (Experiment 6, Table 1.1) and the importance of insulin in 

controlling rates of lipogenesis in ruminants is still in question 

(Thornton et al 1982) 

B. Sympathetic nervous system 

The sympathetic nervous system has also been shown to have 

effects on the rate of lipolysis. Electrical stimulus increases free 

fatty acid mobilisation, and denervated tissue exhibits increased 

lipid mass, while pharmacological abolition of sympathetic activity 

inhibits normal mobilisation of lipids (Trayhurn et al. 1987). It is 

thought that sympathetic control of lipolysis is important in short 

term mobilisation of lipid, but of little importance in the long­

term control of lipid metabolism (Wood 1982) 

C. Specific lipogenic enzymes 

Differences in fatness between genotypes may arise from 

differences in lipogenic rates as well as in lipolytic rates. 

Lipoprotein lipase is responsible for binding of lipoproteins at the 

capillary interface for fatty acid uptake. Some research has 

indicated that LPL activity is higher in fat than in lean selection 

lines of pigs (McNamara et al. 1982). A similar difference was 

demonstrated in foetal pigs, but it had largely disappeared soon 

after birth (McNamara et al. 1982). This may indicate that the level 
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of LPL has a direct bearing on the level of adipose tissue 

deposition. However against this the effects are not shown later in 

life when a difference would potentially have the greatest effect on 

fat deposition. The synthesis of fatty acids by the de novo pathway 

is generally limited by the supply of reducing equivalents (NADPH) . 

In pigs 50-80% of NADPH required for fatty acid synthesis is 

produced in the initial steps of the pentose phosphate pathway 

catalyzed by the enzymes glucose-6-phosphate dehyrogenase (G-6-PD) 

and 6-phosphoglucanate dehydrogenase (6-PGD). The remainder is 

produced by the oxidation of citrate to pyruvate in a pathway 

catalysed by enzymes malic dehydrogenase, the citrate cleavage 

enzyme, and NADP iso-citrate dehydrogenase. Many of these enzymes 

have been shown to be elevated in fat lines of pigs (Steele et al. 

1972; McNamara et al. 1982; Rogdakis 1982; Rothfuss et al. 1984) and 

rats (Hood 1983) Furthermore the activity of these enzymes has been 

shown to be highly heritable in pigs (h2 =0.4-0.7) and to have a 

genetic correlation with carcass fatness of 0.4-0.7 (Strutz et al. 

1977; Standal et al. 1979). 
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Physiological Characteristics as Potential Predictors of Genetic 

Merit for Lean Meat Production. 

The identification of markers, such as blood metabolites or 

hormone concentrations, which are associated with genetic merit for 

lean meat production could greatly benefit the meat industry. 

Measurement of physical characteristics, such as backfat thickness 

(the most common method of estimating the animal's relative 

fatness), are poorly correlated with total body composition which in 

turn is only moderately correlated with genetic merit because of 

large environmental influences. Moreover backfat thickness cannot be 

accurately measured early in life. 

To be an effective alternative to existing methods of 

selection, physiological markers should meet the following criteria 

1) they should be more highly correlated with genetic merit for 

lean meat growth than existing methods and/or be measurable at 

earlier ages, such that the potential rate of genetic gain is 

increased. 2) they should be easily and cheaply measured such that 

the cost incurred in their measurement does not exceed the value of 

any long term genetic gains. This would require not only low cost 

assays, but also that the conditions required for sampling be easily 

achieved. 3) . they should have no significant negative correlations 

with other economic traits. Although, as discussed earlier, numerous 

physiological differences have been associated with genetic merit 

for lean growth, physiological characteristics which meet all these 

criteria as markers for lean meat production in ruminants have yet 

to be identified. 
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Genetic variation in the potential of domestic animals to grow 

lean vs fat tissue may be related to homeorhetic control of 

metabolism. To examine this hypothesis, a comparison was made of the 

responsiveness of 10 rams from each of the Massey University Fat and 

Meaty Southdown selection lines to exogenous metabolic challenges. 

Challenges involved acute intravenous doses of adrenalin, glucagon, 

insulin and glucose and a 64h fasting period. 

Relative to the Fat line, the Meaty rams exhibited: (a) lower 

baseline concentrations of plasma urea during both the fasting and 

refeeding periods; (b) higher growth hormone concentrations over the 

fasting and refeeding periods; (c) increased lipolytic responses to 

a glucagon challenge; and (d) larger glucose distribution spaces. No 

significant between-line differences were detected in responsiveness 
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to the adrenalin or insulin challenges. It is concluded that 

baseline plasma urea concentrations, and responsiveness to glucagon 

and glucose challenges may provide useful predictors of genetic 

merit for lean meat production. However it is not known whether 

these differences would be exhibited under less standardised 

conditions and hence have application under field conditions. 

Introduction 

Selection experiments have shown that composition of growth is 

a heritable trait, and that selection on the basis of weight­

corrected backfat measurements can achieve genetic improvement of 

meat-producing animals (Beatson 1987) . However, the measurement of 

backfat thickness in sheep can only be made with reasonable accuracy 

when considerable fat has been deposited, and backfat depth tends to 

be only moderately correlated with whole animal composition. 

Response to selection is likely to be reduced because of the errors 

associated with backfat measurement and because measurements are 

best made later in life (which results in an increased generation 

interval) . Physiological markers of genetic merit for lean meat 

growth could reduce errors of prediction, so potentially allowing 

earlier selection of breeding stock and improving the rate of 

genetic gain. 

Physiological differences between fat and lean animals which 

might provide possible markers of genetic merit for lean growth have 

been identified in a number of studies. Plasma concentrations of 

growth hormone have been positively related to liveweight gain and 
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negatively related to fatness in cattle (Trenkle et al. 1978). 

Althen et al. (1976) and Wangsness et al. (1977) showed that pigs 

selected for fatness had lower serum growth hormone concentrations 

than the unselected controls or lean selection lines. Ringberg Lund­

Larsen et al. (1975) showed that pigs selected for low backfat and 

high growth rate had higher serum concentrations of both growth 

hormone and somatomedin-C (insulin-like growth factor-1) . 

Plasma urea concentration have also been observed to differ 

between a number of selection lines. These include : dairy cows 

selected for high vs low milk yield (Sejrsen et al. 1984, Sinnet­

Smith et al. 1987); Romney sheep selected for high fleece weight vs 

controls (Clark et al. 1987, McCutcheon et al. 1987) and pigs 

selected for low vs high fatness (Mersmann et al. 1984) In each 

case the less productive line maintained higher concentrations of 

plasma urea. 

Studies in humans (Bergman et al. 1981), pigs (Wangsness et al. 

1977), cattle (McCann et al. 1986) and sheep (McNiven 1984; Munro et 

al. 1984) have demonstrated that obese individuals or lines had 

higher basal concentrations of glucose and/or insulin, reduced 

peripheral sensitivity to insulin and, in some cases, increased 

pancreatic sensitivity to glucose. Exogenous adrenalin has been 

shown to provoke a greater lipolytic response in lean selection 

lines of pigs than in contemporary fat lines (Standal et al. 

1973,1979; Mersmann et al. 1985; Brocklen et al. 1986). 

Such differences between genotypes indicate that basal 

concentrations of some hormones and metabolites may be genetically 
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correlated with the composition of growth. Differences in tissue 

sensitivity/responsiveness to homeostatic factors may also indicate 

between-selection line differences in homeorhetic control of 

metabolism (Bauman et al. 1980). These differences, if repeatable, 

might therefore be used as physiological markers of genetic merit. 

The objective of this study was to examine the possibility that 

differences in baseline metabolite/hormone concentrations or 

sensitivity to metabolites/hormones exist between the Massey 

University Fat and Meaty selection lines of Southdown sheep. 

Materials and Methods 

l. Animals 

Ten seven-month old ram lambs were selected from each of the 

Massey University Meaty and Fat selection lines of Southdown sheep. 

The divergent selection experiment from which the rams were drawn 

was initiated in 1976 with approximately 100 commercial Southdown 

ewes allocated to either the Meaty or Fat lines on the basis of 

weight-corrected backfat measurements (Purchas et al. 1981; Purchas 

et al. 1982). Fat depths were measured using an ultrasound backfat 

probe as described by Gooden et al. (1980). Subsequent selection of 

breeding stock and culling of mixed age ewes was also based on 

weight-corrected backfat measurements. Each line has been maintained 

at approximately 70 ewes which are first mated at 18 months of age. 

Two 18 month-old sires are used annually in each line. Approximately 

3.0 generations had elapsed from the time that the selection program 

commenced to the time that lambs used in this experiment were born. 
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Selection of the experimental animals was at random within each 

of the sire groups and was balanced with regard to birth and rearing 

status of the lambs. The rams were housed in metabolism crates and 

fed a daily ration of chaffed lucerne hay to approximately 30% above 

maintenance. Maintenance requirement was calculated as 0.7 MJ 

ME/kg0 · 75 and the feed was assumed to contain 10 MJ ME/kg DM. A 

mineral supplement (59% sodium chloride, 37% sodium sulphate, 4% 

sodium molybdate) was added to the ration at a rate of 1 g/day to 

avoid possible copper toxicity problems. Feed was offered once daily 

at 1630 h and fresh water was available ad libitum. 

2. Experimental Procedure 

Following a 27-day adjustment period, the mean responses of the 

lines to four metabolic challenges and a 63 h fasting period were 

compared. Rams were randomly allocated into five blocks (balanced on 

sire), and individuals in each block were treated simultaneously. 

The metabolic challenges and their respective injection times, 

concentrations and dose rates are presented in Table 2.1. 



Table 2.1 Metabolic challenges, injection concentrations and dose 
rates administered to 10 Fat and 10 Meaty Southdown ram lambs 

Time of 
administration 
Day Time 

(h) 

I 0900 
1300 

II 0900 
1300 

Metabolite/ Dose rate Injection 
hormone concentration 

(/kg) (/ml) 

Adrenal ina 1.0~g 7 ~g 
Insulinb 0.01mg 0.07mg 

Glucagonc 0.175~g 2 ~gd 
Glucose 0.17g 0.5ge 

Fasting period commenced following completion of feeding Day I. 

IV 0830 End of fast (Fed half daily ration) 

a Lot 78K021, McGaw Ethicals Ltd, Auckland, New Zealand. 
b I-5500 Lot 1216-1350, Sigma Chemical Co., St. Louis, Mo., USA. 
c G-4250, Sigma Chemical Co., St. Louis, Mo., USA. 
d Dissolved in 3% bovine serum albumin (Lot 103c-0446, Sigma) 
e McGaw Ethicals Ltd, Auckland, New Zealand. 

33 

To facilitate injections and blood sampling, jugular vein 

cannulae were inserted on the day before the first challenge. The 

cannulation site was clipped and washed with 70% ethanol then local 

anaesthetic (10% Xylocaine; Astra Pharmaceuticals Ltd.,N.S.W., 

Australia) applied as a surface spray. After 2-3 minutes an 

Angiocath intravenous placement unit (12G needle and sleeve; 

Sherwood Medical, St. Louis Mo., U.S.A.) was inserted through the 

skin and into the jugular vein. The needle was withdrawn and a 

sterile cannula (Internal diameter 1mm, external diameter 1.5mm, 

Dural Plastics and Engineering, N.S.W., Australia) was passed 

through the sleeve and lOOmm into the vein. The sleeve was then 

withdrawn and the cannula fixed in place by wrapping at the wound 

site with plastic tape (Sleek Tape, Smith and Nephew Med. Ltd., 

Hull, England), embedding suture material in the tape and passing a 
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single suture through the skin. The cannulae was then passed to a 

point behind the head and held in place with 75mm elastic adhesive 

bandage. Antibiotic (Streptopen, Lot 312620, Glaxo, N.Z.) was 

administered (5ml) and rectal temperatures were taken daily. No 

signs of elevated rectal temperatures were observed during the 

experiment. Patency of cannulae was maintained with 0.9% saline 

containing 100IU/ml heparin (Batch 128B, Wendal Pharmaceuticals Ltd, 

London). 

With the exception of glucagon, the challenges were dissolved 

in saline (0.9% sodium chloride) immediately prior to injection. 

Glucagon was dissolved in saline containing 3% bovine serum albumin 

(BSA), to a concentration of 4ug/ml and frozen at -12°C until 

immediately before the challenge. It was then thawed and further 

diluted to the injection concentration of 2ug/ml. 

Blood sampling associated with each challenge was carried out 

in the following time sequence : -30, -15, -5, -2, 2.5, 5, 7.5, 10, 

15, 20, 30, 45, 60, 75, 90 and 120 minutes relative to the time of 

challenge. Challenges were administered at time zero and were 

followed by 6 ml of saline to clear the catheters. Samples were also 

obtained at 0, 24, 39.5, 51.5, 63.5 and 64 hours following the 

feeding on day I and subsequent to refeeding on day IV after 0.5, 

1.0, 1.5, 3.5 and 7.5 hours. Approximately 6 ml of blood was removed 

at each sampling time, placed in chilled tubes (containing sodium 

citrate as the anticoagulant), and immediately centrifuged. Plasma 

was harvested and frozen in duplicate tubes at -12°C until 

subsequent analysis. 
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3. Determination of Plasma Hormone and Metabolite Concentrations 

Concentrations of glucose, non-esterified fatty acids (NEFA) 

and insulin were measured to evaluate responses to the four 

metabolic challenges. Plasma concentrations of glucose, ~­

hydroxybutyrate, insulin, NEFA, urea and growth hormone were 

measured over the fasting and refeeding periods. Pooled baseline 

samples were taken from each of the pre-challenge samples for 

determination of growth hormone and Insulin-Like Growth Factor-1 

(IGF-1) concentrations. 

Glucose concentrations were determined using a YSI Model 27 

industrial analyzer (Yellow Springs Instrument Co., Colorado). ~­

hydroxybutyrate was analysed enzymatically using ~-hydroxybutyrate 

dehydrogenase (Sigma Chemical Co.) following the method of 

Williamson and Mellanby (1974) . Plasma concentrations of NEFA were 

determined by the modified colourimetric method described by 

McCutcheon et al. (1986) and growth hormone and insulin 

concentrations using the heterologous double antibody 

radioimmunoassay systems described by Flux et al. (1984). Plasma 

urea concentrations were measured using the autoanalyser method of 

Marsh et al. (1965). Further details of these assays are provided in 

the appendix. Concentrations of IGF-1 were measured by a 

radioimmunoassay procedure following acid-ethanol extraction as 

described by Gluckman et al. (1983). 
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4. Glucose Tolerance Test 

The characteristics of individual animal responses to the 

glucose challenge were analysed on the basis of the relative 

disappearance constants (Kg) and the theoretical time zero glucose 

concentrations (G(O)). It was assumed that the glucose load was 

instantaneously distributed into one theoretical compartment (ie the 

model G(t) G(O)e(-txKg)). This model was fitted to the glucose 

response data in the period from 5 to 30 minutes following the 

glucose injection. Glucose distribution space was calculated from 

G(O) and the glucose dose. A parameter of insulin resistance was 

calculated from the insulin response to the glucose challenge by the 

method described by Wastney (1982) . This parameter is the product of 

the glucose half life (t1/2) and the average extra-vascular insulin 

concentration, also in the period 5-30 minutes after injection. 

Extra-vascular insulin concentrations were predicted using the human 

model of insulin kinetics described by Sherwin et al. (1974). This 

is a three compartment model, compartment 1 is the plasma space. The 

other two compartments are extravascular; compartment 2 is small and 

equilibrates rapidly with plasma, and compartment 3 is large and 

equilibrates slowly with plasma. 

5. Statistical Analysis 

Effects of block, selection line and sire-within-selection line 

on metabolite/hormone concentrations (Model 2.1) were compared at 

each sampling time by analysis of variance (ANOVA) using the 

generalized linear model computer package 'REG' (Gilmour 1985). 
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Post-challenge hormone/metabolite concentrations were corrected for 

pre-challenge concentrations (by subtraction of the mean pre-

challenge concentrations). Baseline-corrected data were then 

subjected to ANOVA to test between-line differences. Where the 

effect of block and/or sire was non-significant the appropriate 

reduced model was used. In cases where significant between-line 

differences were detected at consecutive sampling times, 

multivariate analysis of variance (MANOVA) was used to provide a 

pooled level of statistical significance of line effects over that 

interval. 

Model 2.1 Yijk 

Yijk 
~ 

ai 
Pj 
ejk 
eijk 

~ + al· + p. + e.k + e· 'k J J lJ 

ijkth metabolite/hormone concentration 
arithemetic mean 
effect of ith block {i=l ... 5) 
effect of jth selection line {j=l ... 2) 
effect of kth sire within jth selection line 

= ijkth residual 

Homogeneity of the within-selection line regressions of blood 

metabolite concentrations on backfat thickness was tested by the 

method of Searle (1971) . 

Results 

1. Liveweights, liveweiaht gains and backfat measurements 

The mean fasted liveweight of the lambs was 30.7 ± 0.7 kg 

(Mean ± SEM) at the beginning of the experimental period. There were 

no significant effects of line or sire within line on birth weight, 

liveweight gain from birth to the start of the experiment, or 

liveweight gain during the experimental period. Subcutaneous backfat 
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measurements taken two months after completion of the experiment are 

presented in Table 2.2. The fat line group had significantly greater 

backfat depths than the meaty line while the effect of sire within 

line was non-significant. 

Table 2.2 Animal liveweights, liveweight gains and backfat 
measurements of 10 Fat and 10 Meaty Southdown ram lambs 

Selection 
Fat 

Birth weight (kg) 3.6 
Fasted weightb(kg) 30.6 
ADGc from birth (g/day) 154.5 
ADGc expd (g/day) 70.8 
Backfat depth (mm) 3.9 

a Standard error of the difference 
b at the beginning of the experiment 
c average daily gain 
d ADG over the experimental period 

Line 
Meaty 

3.7 
30.7 

151.9 
55.0 
2.3 

2. Baseline metabolite/hormone concentrations 

*** 

SED a 

0.1 
0.7 
3.8 
7.5 
0.2 

Mean plasma concentrations of glucose, insulin and NEFA for the 

four pre-challenge samples from each of the metabolite/hormone 

challenges are presented in Table 2.3. IGF-1, growth hormone and 

urea concentrations (determined from the pre-challenge samples which 

were bulked for analysis) are also presented in Table 2.3. 
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Table 2.3 Baseline plasma concentrations of growth hormone, IGF-1, 
urea, glucose, insulin and NEFA in 10 Fat and 10 Meaty Southdown ram 
lambs 

Selection Line SED a 
Metabolite/hormone Fat Meaty 

GH (ng/ml) 2.0 2.8 0.4 
IGF-1 (ng/ml) 30.0 32.7 1.2 
Urea (mM) 8.9 7.9 *** 0.1 
Glucose (mg/dl) 75.2 74.6 1.1 
Insulin (pg/ml) 1382 971 245 
NEFA (ueq/1) 105.6 114.6 5.2 

a Standard error of the difference 

Fat animals exhibited significantly greater baseline 

concentrations of urea than the meaty animals but all other 

differences were non-significant. 

Relationships between baseline concentrations of these 

metabolites/hormones, liveweight gain from birth and weight-

corrected backfat depth were also examined. Significant (P<0.05) 

positive correlations were evident between: liveweight gain from 

birth and IGF-1 (r=0.57); plasma urea and weight-corrected backfat 

depth .(r=0.58); and insulin concentration and weight-corrected 

backfat depth (r=0.47). 

Within-line regression coefficients of liveweight gain on IGF-1 

concentration were not significantly heterogeneous (P>0.1) and the 

pooled regression was significantly different from zero (P<0.05). 

Conversely, the significant correlation between plasma urea 

concentration and weight-corrected backfat depth was largely a 

result of the significant between-line variation in blood urea 

concentrations and backfats. Intra-line regressions of weight-
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corrected backfat depth on urea and insulin concentrations were not 

significantly different from zero. Examination of raw data revealed 

that the significant correlation between insulin concentration and 

weight-corrected backfat depth was largely attributable to one 

individual ram with exceptionally high values for both parameters. 

With data from this animal removed the correlation became non-

significant (P>O .1) Correlations between growth hormone,IGF-

1,glucose, NEFAs, and weight-corrected backfat depth were low and 

non-significant. 

3. Adrenalin Challenge 

Plasma concentrations of glucose and NEFA in response to the 

0.1 ~g/kg adrenalin challenge are presented in Figure 2.1. Glucose 

concentration rose to peak at approximately 5 minutes after the 

injection while plasma NEFA concentrations peaked at approximately 

7.5 minutes following the injection. No significant between-line or 

sire-within-line differences were detected at any time in either of 

the metabolites, even when correction for pre-challenge 

concentrations was made. 
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Figure 2.1 Plasma concentrations of glucose and non-esterified fatty 
acids during an intravenous adrenalin challenge (l.O~g/kg liveweight 
administered at time zero) in 10 Fat (o) and 10 Meaty (x) Southdown 
ram lambs together with the difference (Fat - Meaty) and its SE 
(vertical bars) 
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4. Insulin challenge 

The 0.01 mg/kg dose of insulin caused a relatively constant 

rate of decline in plasma glucose concentration between 2.5 and 30 

minutes following the injection. (Figure 2.2). There were no 

significant line or sire-within-line differences in either the rate 

of decline to 30 minutes or the rate at which glucose concentration 

rose after 30 minutes. NEFA concentrations rose slightly in the pre­

challenge period, declined in response to the injection, and from 30 

minutes after injection rose steadily to levels higher than baseline 

levels. (Figure 2.2). The rate of increase was higher in the meaty 

line, but not significantly so (P>0.1). 

5. Glucaaon Challenge 

Plasma concentrations of glucose, NEFA and insulin in response 

to the 0.175 ~g/kg glucagon challenge are presented in Figure 2.3. 

Glucose and insulin concentrations peaked at approximately 5 minutes 

after the injection. Between-line differences were not detected at 

any time in glucose or insulin concentrations following the 

injection. However the effect of sire-within-line on glucose 

concentration became significant in the interval 10 to 60 minutes 

after the glucagon injection. This effect was caused by one Meaty 

sire group whose glucose concentrations were significantly higher 

than those of the other sire groups. Plasma NEFA concentrations 

peaked at approximately 7.5 minutes following the injection. The 

response of meaty line above baseline levels (mean of the -30,-15 

and -5 minute samples) diverged from that of the fat line from the -

2 minute sample and was significantly higher during the interval 7.5 

to 20 minutes (P<0.01). 
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Figure 2.2 Plasma concentrations of glucose and non-esterified 
fatty acids during an intravenous insulin challenge (O.Olmg/kg 
liveweight administered at time zero) in 10 Fat (o) and 10 Meaty (x) 
Southdown ram lambs together with the difference (Fat - Meaty) and 
its SE (vertical bars) 



u 
--­OJ 
E 
Q) 
U) 

0 
0 
:::J 

0 

" 0" 
Q) 

:::J 

<( 
tL 
w 
z 

E 
---OJ 
Q. -c 
:::J 
U) 

c 

100 

90 

80 

70 

4.,-

or' _.cr:-------=-..I.'-+1 J.vt>.::I:::JI.,T\i)'P:-:--:t:Jt:::;::.ll--=:::::::oc:::::::::t:l :t'==:::t:L;::>;::>"""""""'..-:r=-p...::::r:::::;::::.-L.--==:::::;::=---,::J 

-4 

12 

8 

of ~..._-~-~--I~--1 
-20 • vr 
-40 

0 40 80 120 
Time (minutes) 

44 

Figure 2.3 Plasma concentrations of glucose, non-esterified fatty 
acids and insulin during an intravenous glucagon challenge 
(0.175~g/kg liveweight administered at time zero) in 10 Fat (o) and 
10 Meaty (x) Southdown ram lambs together with the difference (Fat -
Meaty) and its SE (vertical bars) 
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6. Glucose Challenae 

Plasma concentrations of glucose and insulin in response to the 

0.17g/kg dose of glucose are shown in Figure 2.4. There were no 

significant selection line differences in the baseline 

concentrations of glucose but the fat line animals had significantly 

higher glucose concentrations in the interval 2.5 to 7.5 minutes 

post-injection (p<0.05). The mean glucose fractional decay constants 

(Kg), intercept values (G(O)) and glucose distribution spaces as 

calculated over the period 5-30 minutes following the challenge are 

presented in Table 2.5. The fat line had a significantly higher mean 

G(O) and Kg values and a lower mean distribution space than the 

meaty line. The fat line tended to have higher baseline insulin 

concentrations (p=0.06) and insulin response above baseline levels 

in the period 5-15 minutes following the challenge (P=0.08). 
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Figure 2.4 Plasma concentrations of glucose and insulin during an 
intravenous glucose challenge (1.7g/kg liveweight administered at 
time zero) in 10 Fat (o) and 10 Meaty (x) Southdown ram lambs 
together with the difference (Fat - Meaty) and its SE (vertical 
bars) 
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Table 2.4 Glucose tolerance test parameters calculated from plasma 
concentrations of glucose and insulin after an intravenous glucose 
challenge (1.7g/kg liveweight) in 10 Fat and 10 Meaty Southdown ram 
lambs 

G (O) (mg%) 
Kg (min-1 ) 
Space {%)a 
Insulin Res.c 
(min.pg/ml X10 3 ) 

Selection Line 
Fat Meaty 

193 
-0.050 

14.0 

16.7 

178 
-0.042 

15.7 

15.3 

a glucose distribution space as a proportion 
b standard error of the difference 
c insulin resistance calculated from glucose 

SEDa Significance 

4 ** 
0.003 * 

0.4 ** 

1.4 NS 

of fasted weight 

challenge data 

Between-line variation in peak insulin concentrations was 

partly explained by between-line variation in glucose distribution 

space (r=-0.63). The glucose relative disappearance constant (Kg) 

was in turn significantly (p<0.01) related to peak insulin 

concentrations {r=-0.60). Between-line differences in Kg were non-

significant when fitted after peak insulin or glucose distribution 

space. The between-line difference in the calculated insulin 

resistance values was not significant (P>O .1). The glucose 

distribution space was significantly (P<0.05) correlated with 

subcutaneous backfat measurement (r=0.47). 

7. Fasting and Refeeding 

The between-line difference in baseline growth hormone levels 

increased with fasting and was significant in the interval 24 to 

51.5 h after the start of the fasting period (P<0.05). Growth 

hormone concentrations of both lines increased in response to 

refeeding. The magnitude of the response above fasting 
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concentrations in the Meaty line was approximately 3 times that of 

the Fat line. Differences were significant (P<0.02) at sample times 

1.5 and 3.5 hours after refeeding (Figure 2.5). Urea concentrations 

of both selection lines rose by approximately 1.5 mM over the 

fasting-refeeding period. The significant between-line difference in 

baseline urea concentrations was maintained during both the fasting 

and refeeding periods (Figure 2.5). 

Plasma glucose and insulin concentrations declined over the 

fasting period and both rose in response to feeding. NEFA and ~­

hydroxy butyrate concentrations rose over the fasting period, and 

dropped sharply in response to feeding (Figure 2.5). No significant 

between line differences were detected in glucose, insulin, NEFA or 

~-hydroxy butyrate concentrations at any sampling time (P>0.10). 

There was a significant effect of sire within selection line on 

glucose concentrations in the 39.5 to 71.5 h interval. This was 

largely a result of the progeny of one meaty sire maintaining 

significantly (P<0.05) lower glucose concentrations than progeny of 

the other three sire groups. 
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Figure 2.5 Plasma concentrations of growth hormone, insulin and 
urea during a 63.5 h fasting and 7.5 h refeeding period in 10 Fat 
( o) and 10 Meaty (x) Southdown ram lambs together with the 
difference (Fat - Meaty) and its SE (vertical bars) 
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Figure 2.6 Plasma concentrations of glucose, NEFA and ~-hydroxy 
butyrate during a 63.5 h fasting and 7.5 h refeeding period in 10 
Fat (o) and 10 Meaty (x) Southdown ram lambs together with the 
difference (Fat - Meaty) and its SE (vertical bars) 
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Discussion 

The results of this experiment suggest that baseline 

concentrations of some metabolites and hormones may be associated 

with genetic merit for lean meat growth and that homeorhetic control 

of metabolism may differ between the Fat and Meaty selection lines. 

Although there were no significant between-line differences in 

baseline concentrations of growth hormone, the difference in 

concentrations increased and became significant over the fasting and 

refeeding periods. A higher growth hormone concentration in the 

Meaty line is consistent with results showing higher growth hormone 

levels in lean, fast growing swine selection lines compared with 

contemporary fat, slow growing genotypes (Ringberg Lund-Larsen et 

al. 1975; Althen et al. 1976; Wangsness et al. 1977). Baseline 

growth hormone concentrations showed a low non-significant 

correlation with weight gain from birth to the time of the 

experiment. Previous work with gro-v;th hormone concentrations based 

on low numbers of samples taken with long intervening periods has 

also showed inconsistent correlations with growth rates (Trenkle et 

al. 1971; Hafs et al. 1971). It appears that correlations with 

grmvth rate are improved if sampling is carried out more frequently 

so that spike frequency and amplitude can also be estimated and used 

in a combined predictive model of growth rate (Klindt et al. 1985). 

There was no between-line difference in IGF-1 concentrations 

shmm in this experiment. This is in contrast with higher levels of 

IGF-1 concentrations shown in lean fast growing selection lines of 

pigs (Ringberg Lund-Larsen et al. 1975; Althen et al. 1976). The 
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difference in IGF-1 concentrations shown in those lines as compared 

to the present study may be related to the fact that the swine 

experiments also included growth rate as a selection criterion. 

Selection for low backfat, in the experiment from which the animals 

used in this study were drawn, has not resulted in correlated 

increases in growth rate (Kadim 1987) . Baseline IGF-1 concentrations 

were significantly correlated with growth rate in this experiment. 

Similar observations have been made in sheep (Olsen et al. 1981) and 

in cattle (Ringberg Lund-Larsen et al. 1977). Although these studies 

do not necessarily indicate a genetic relationship between IGF-1 

concentration and growth rate, such a relationship is supported by 

differences observed between swine selected for high vs low growth 

rates (Ringberg Lund-Larsen et al. 1975) and by correlated increases 

in growth rate shown in mice divergently selected on the basis of 

plasma IGF-1 concentrations (Blair et al. 1987). It therefore 

appears that IGF-1 may have potential as a marker of genotype for 

early growth rate. 

The Fat line maintained plasma urea concentrations 

consistently higher than those of the Meaty line over the fasting 

and refeeding periods. Similar differences in blood urea 

concentrations between these lines at feeding levels above 

maintenance have subsequently been reported by Bremmers et al. 

(1987) and van Maanen et al. (1987). Furthermore, lower blood urea 

concentrations have been reported in genetically superior dairy 

cattle (Sejrsen et al. 1984; Sinnet-Smith et al. 1987), fleece 

weight-selected sheep (Clark et al. 1987; McCutcheon et al. 1987) 

and in pigs selected for lean growth (Mersmann et al. 1984). It 
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appears that plasma urea concentration may be correlated with 

genetic merit for a number of traits and therefore have potential as 

a genetic marker. However this relationship might only be evident 

under standardized conditions as it has been demonstrated that 

differences between the lines are diminished at low feeding levels 

(Bremmers et al. 1987) and under field grazing conditions 

(McCutcheon et al. 1987). 

The principal source of urea is from liver conversion of 

ammonia produced by the deamination of surplus amino acids and rumen 

degradation of dietary protein. Mersmann et al. ( 19 8 4) suggested 

that differences in plasma urea concentrations observed between lean 

and fat selection lines of pigs occurred as a result of more 

efficient use of amino acids for protein synthesis, and consequent 

reduced requirement to deaminate amino acids in the lean line. 

Alternative explanations for differences in plasma urea 

concentrations observed between selection lines are that urea 

excretion rate and/or the urea distribution space differ between the 

lines. Kidney excretion of urea is principally by passive diffusion 

and is therefore a function of glomerular filtration rate. 

Experiments carried out by Bremmers et al. (1987) and McCutcheon et 

al. (1987) with Meaty and Fat Southdown rams, and fleece weight­

selected and control Romney rams, respectively, have failed to show 

between-line differences in urea excretion rate or creatinine 

clearance rate (indicative of glomerular filtration rate) . However 

plasma urea differences between lines in those studies were non­

significant when corrected to a common creatinine clearance rate and 

urea excretion rate. 
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Plasma concentrations of glucose and insulin decreased over the 

fasting period, and rose rapidly in response to refeeding. No 

significant between-line differences were detected although one 

meaty sire group maintained significantly lower glucose 

concentrations over the fasting period. This difference was not 

related to sire group differences in backfat depth, although this 

was the same group which had significantly higher glucose 

concentrations in response to the glucagon challenge. NEFA 

concentrations rose over the fasting period, and there was a 

corresponding increase in ~-hydroxy butyrate concentrations. These 

responses are consistent with the animals conserving glucose, and 

meeting energy demands by the mobilization and catabolism of fatty 

acids and concomitant production of ketone bodies. 

Rams of the Meaty line were more sensitive to lipolytic 

effects of glucagon, as indicated by their greater elevation of 

plasma NEFA concentrations in response to the intravenous injection 

of this hormone. A similar between-line difference was not evident 

in response to the adrenalin challenge. This is in contrast with 

work carried out with fat, slow growing selection lines of pigs 

which have been shown to be less sensitive to adrenalin than lean 

fast growing lines (Standal et al. 1973,1979; Mersmann 1985; 

Brocklen et al. 1986). Between-line differences in response to 

glucagon injections were not repeated in a subsequent study with 

rams also drawn from the Massey University Fat and Meaty selection 

lines (Morgan 1987). However in that case rams were subdivided into 

feeding levels above and below maintenance and a similar (but non­

significant) difference existed only at the high feeding level. 
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Cellular response to both glucagon and adrenalin is mediated 

via the c-AMP cascade system (Hu et al. 1987). The fact that 

between-line differences were apparent in response to the glucagon 

challenge, but not to the adrenalin challenge, may imply that 

differences in sensitivity to glucagon occurred because of 

differences in glucagon receptor numbers and/or binding affinity. 

Differences in pancreatic sensitivity to glucose or tissue 

sensitivity to insulin did not appear to exist between the Fat and 

Meaty lines. Lord (1986) was also unable to detect differences in 

glucose-insulin status of lean and fat Coopworth selection lines. 

Differences in the plasma levels of glucose and insulin in response 

to the glucose challenge appear to have been largely a result of 

between-line differences in glucose distribution space. The 

physiological basis for this difference in glucose distribution 

space is not clear. However one possibility is that this difference 

is related to between-line variation in total interstitial space, 

which may also explain between-line variation in plasma urea 

concentration. 

In conclusion the significant between-line differences revealed 

in this study suggest that baseline concentrations of 

metabolites/hormones, and responsiveness to metabolic challenges, 

potentially offer a useful means of predicting genetic merit for 

lean meat production in young sheep. Further research is required to 

establish the genetic association between these parameters and merit 

for lean meat growth. There is also a need to determine the 
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conditions under which these parameters are best measured for 

predictive purposes. A greater understanding of the physiological 

basis of the differences observed in this study may also lead to 

development of more repeatable and less intensive sampling 

strategies for measuring these parameters. 
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CHAPTER 3 

GENERAL DISCUSSION 

Genetically divergent lines arising from selection experiments 

have been widely used to investigate the possibility that genetic 

variation in the traits of interest may be recognizable in terms of 

physiological characteristics. The basic assumption made is that 

although the genetic merit (in this case for lean meat production) 

of individual animals selected from the lines is not known, there is 

a substantial between-line difference in average genetic merit. 

Genetic relationships between the composition of growth and 

physiological characteristics are thus implied by the presence of 

between-line differences in the measured physiological parameters. 

This allows potential markers to be identified without the need, at 

least in the early stages of the research programme, to accurately 

estimate the genetic merit of individual animals. Identification of 

factors indicative of such physiological differences may provide 

better markers of genetic merit in that they may be less affected by 

environmental effects than the expression and/or measurement of the 

trait itself. 

Although selection lines are useful in studies of this type, it 

is important to recognise their limitations. Such lines are 

generally established within a breed, starting with a limited 

initial base population. Therefore genetic variation exploited 

within lines in a particular experiment may not necessarily apply to 

other similar experiments, or to the dominant source of genetic 
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variation which exists in the population as a whole (either within a 

particular breed, or within the ovine species) . Furthermore, because 

the costs of maintaining domestic animal selection lines are very 

high, numbers of animals per line and replication of lines are 

usually kept to a minimum. Selection lines are thus subject to 

effects of random genetic drift which cannot be accurately 

estimated. Genetic drift effects are compounded by the fact that the 

attainment of selection lines exhibiting marked phenotypic 

divergence requires many years of selection, response to selection 

in domestic animals being slow (usually less than 3% per year) . The 

implication of this is that between-line differences may arise as a 

result of random genetic effects independent of the applied 

selection pressure. An example of this has been shown in an 

experiment where sheep selected for greasy fleece weight were found 

to also exhibit correlated changes in red blood cell haemoglobin 

type gene frequencies (Pijls et al. 1987). This effect was 

apparently independent of the fleece weight response to selection 

and could be accounted for by the effects of genetic drift. Another 

possibility is that the differences observed between selection lines 

are genetically linked but may not necessarily be involved with the 

control of metabolic processes which lead to variation in the trait 

of interest. In such a case selection on the basis of the linked 

factor would not necessarily lead to correlated changes in the 

composition of growth. 

Also related to the availability of resources is the problem 

that physiological comparisons of selection lines are subject to 

random sampling errors as a result of testing only small numbers of 
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animals from each of the lines. This is a particular problem where 

the measurement of physiological parameters is time-consuming or 

expensive. Furthermore, animals studied within any one generation 

will commonly be the progeny of a very limited number of sires. 

Differences shown between lines may therefore result from chance 

sire effects. The most extreme example of this situation is where 

progeny of only one sire from each genetic group are used in a 

comparison. For example Sejrsen et al. (1984) examined metabolic 

characteristics of the progeny from each of one high and one low 

genetic merit dairy bull. Differences in plasma hormone 

concentrations were shown between the progeny groups but these might 

well have resulted from a peculiarity of the particular sires used, 

independent of their genetic merit for milk production. In such 

situations it is important that experiments be replicated in 

succeeding generations. Between-line differences in plasma urea 

concentration shown in the present study have since been supported 

by similar differences being observed in further exeriments 

involving two subsequent generations of rams (Bremmers et al. 1987; 

van Maanen et al. 1987). Under these cirumstances it seems unlikely 

that the between-line difference has occurred through chance sire 

effects. 

Another potential difficulty in attempts to identify between­

line differences in physiological parameters is that if an 

alteration in growth pattern is the product of small changes in many 

metabolic pathways, the ability to measure this variation in any one 

pathway may be beyond the accuracy of current assay techniques. In 

addition, even if differences are detected, they may only have low 
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genetic correlations with the composition of growth. Thus index 

approaches, involving the simultaneous measurement of many pathways, 

are likely to be required. 

Despite these limitations there have been numerous attempts to 

identify physiological differences between lines of pigs, sheep and 

dairy cattle selected for body composition, wool production and 

yield of milk or milk fat. Physiological parameters examined can be 

broadly classified as 1) baseline concentrations of 

metabolites/hormones, 2) sensitivity to exogenous 

metabolites/hormones (challenges) and 3) enzyme activity levels in 

tissues. 

Baseline Concentrations of Metabolites/Hormones 

Measurement of baseline concentrations is a common first 

approach to studies into the basis of physiological differences 

which exist between selection lines. Measurement of baseline 

concentrations of metabolites or hormones has the advantage of 

relative simplicity, requiring only venous cannulation to obtain 

periodic blood samples. Cannulation has generally been adopted to 

avoid stress-related reactions which may occur with venipuncture 

blood sampling. However, it appears that with some 

metabolites/hormones (eg. IGF-1), cannulation is not required as 

concentrations are relatively insensitive to temporary environmental 

effects. The rationale behind the use of baseline concentrations of 

metabolites as predictors of genotype is that they may relate 

directly to the expression of the productive trait in that they are 
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intermediary metabolites in a pathway synthesising the productive 

tissue/metabolite of interest. Similarly, baseline hormone levels 

may reflect the level of endocrine stimulus provided to a pathway 

which affects the rate of growth of a particular tissue. The plasma 

concentration may be a function of the rate of turnover in the 

plasma pool, the size of the pool in which the metabolite/hormone is 

distributed, or the animal's set point at which modified levels of 

clearance and/or secretion are invoked. 

Previous research has shown that non-genetic effects can 

interact with genetic effects on baseline concentrations of 

metabolites/hormones. These non-genetic effects include : 

(a) Diurnal variation, which may be related to feeding patterns 

and/or photoperiod effects. For example a study carried out by Xing 

(1987) demonstrated a less marked diurnal pattern in plasma urea 

concentration in low genetic merit dairy bulls compared with bulls 

of high genetic merit. The magnitude of the between-group difference 

therefore varied with sampling time. To predict genetic merit on the 

basis of such a metabolite may thus require a standardised feeding 

and sampling programme to maximise accuracy. This would detract from 

the practicality of commercial application of such a marker. 

(b) Energy balance has been shown to affect the magnitude of 

between-line differences in metabolite/hormone concentrations. 

Bremmers et al. (1987) have shown that the Fat and Meaty lines of 

interest in this study exhibited differences in baseline levels of 

urea only at a feeding level above maintenance. 

(c) Genetically-based differences in concentrations of 

metabolites/hormones have been shown to change with age, and 
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possibly with degree of development relative to puberty. Van Maanen 

et al. (1987) demonstrated that plasma urea concentrations in the 

Massey Unversity Fat and Meaty lines of Southdown sheep converged as 

the lambs aged. 

Standardisation of experimental conditions should be employed 

to minimize these effects but relies on certain assumptions which 

may not always hold. For example, attempts to minimize variation in 

energy balance commonly involve feeding animals to a fixed 

proportion of maintenance, with the added assumption that 

maintenance is proportional to metabolic weight. However, if 

maintenance requirement per unit metabolic weight varies between 

lines, such has been shown in fat and lean pig selection lines (Yen 

et al. 1983), actual energy balance may not be the same in the two 

groups. In this case physiological differences which appear between 

the lines may in fact be due to differences in energy balance. A 

more extreme example comes from the study of Hart et al. (1978) who 

compared basal hormone and metabolite concentrations in high and low 

producing dairy cows fed at similar energy intakes. Differences 

between the groups in hormone/metabolite concentrations were largely 

due to differences in energy balance (ie effects of energy balance 

and genetic merit were confounded) and disappeared when animals were 

fed to maintain equal energy status (Hart 1983) . 

Two further problems are associated with measurement and 

interpretation of baseline hormone concentrations. First, some 

hormones (for example growth hormone, Klindt et al. 1985) are 

released in pulsatile secretions, their effect on metabolism 
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apparently being a function of spike frequency, spike amplitude and 

average baseline levels. In this situation measurement of such 

hormones may require intense blood sampling over a long period of 

time if it is to have any predictive value. Second, the metabolic 

stimulus provided by any one hormone is markedly affected by the 

orchestrated interaction with many other hormones/metabolites. For 

example, the co-presence of insulin and thyroid hormones is required 

for in vivo growth hormone/IGF-1 stimulation of protein synthesis 

(Goldberg et al. 1980)). This suggests that ratios of relevant 

hormones may provide better indicators of endocrine status than does 

the measurement of any one hormone concentration. 

Baseline concentrations of metabolites/hormones can provide 

useful information concerning the physiological basis of between­

line differences. However, they yield no information as to the 

sensitivity of animals to particular metabolites or hormones. 

Alternative techniques, such as the use of acute intravenous 

challenges, are therefore being increasingly adopted. 

Responses to Metabolic/Hormonal Challenaes 

In contrast to the measurement of baseline metabolite or 

hormone concentrations, intravenous challenges are used to detect 

differences between genetic groups in sensitivity to homeostatic 

signals. Interest in this approach has been generated by the 

proposal that animals achieve dynamic control of nutrient 

partitioning by regulating the sensitivity of specific target 

tissues to homeostatic regulators (Bauman et al. 1980). The previous 
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discussion has highlighted some of the evidence in support of this 

concept. Challenges of this type generally involve the measurement 

of baseline metabolites/hormones prior to administration of the 

challenge, and of changes in concentrations following the challenge 

until they return to or approach baseline levels. The difficulty 

with this approach is that there will generally be multiple 

mechanisms operating to counteract the effects of an administered 

challenge (ie to maitain the homeostatic balance) . Related to this 

is the fact that if a challenge produces a larger response in one 

particular group, these animals may produce a larger counteracting 

response. The implication is that response curves will tend to 

converge as the challenge proceeds and, if differences exist, they 

will tend to be most evident early in the response period. 

Response to challenges may be evaluated in a number of ways. 

Where challenges alter plasma concentrations of 

metabolites/hormones, peak concentrations or integrated responses 

(area under the response curve) are typically used. The magnitude of 

these may be a function of altered secretion rate, clearance rate 

and/or differences in pool size. An example of this can be seen in 

response to the glucose challenge in the present study. Animals of 

the Fat line showed higher initial glucose concentrations which were 

probably related to differences in glucose distribution space. Over 

the same period the Fat line also exhibited higher insulin 

concentrations which may have invoked a higher level of glucose 

clearance. Higher insulin concentrations could also have resulted 

from differences either in distribution space or in the rate of 

secretion/clearance. 
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Evaluation for the purpose of identifying possible markers of 

genetic merit, while not attempting to make inference about the 

physiological basis of the response, may simply require mean plasma 

concentrations of metabolites/hormones to be taken over selected 

intervals following the challenge. Enhancements to this approach 

include response correction for different base-line (pre-challenge) 

concentrations and selection of the intervals over which the 

between-line variation is maximized and/or within line variation 

minimized. From a physiological point of view it is desirable to 

relate response to rates of production vs clearance such that 

quantitive estimates of sensitivity of the various control 

mechanisms can be estimated. For example, to evaluate the response 

to the glucose challenge, it would be desirable to estimate 

pancreatic sensitivity to the glucose load and peripheral tissue and 

hepatic sensitivity to the induced insulin secretion. Bergman et al. 

(1981) has modelled the response to a glucose tolerance test in dogs 

in terms of the simultaneous effects of glucose on insulin 

secretion, and insulin on hepatic glucose synthesis and glucose 

dissappearence into peripheral cells. The problem with this approach 

is that the effects of individual response mechanisms on plasma 

concentrations are highly correlated. Therefore with low numbers of 

data points it becomes statistically impossible to estimate these 

parameters. 

Responses to challenges, like baseline concentrations, are 

subject to non-genetic effects and interactions of these with 

genetically correlated traits. Morgan (1987) has shown that 
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differences between genotypes in response to challenges are subject 

to effects of energy balance. For example, a significant interaction 

was shown between selection line (Fat vs Meaty Southdowns) and 

feeding level in the response of plasma NEFA concentration to a 

glucagon challenge. In a study of the sensitivity of heifers to the 

glucoregulatory effects of insulin, McCann et al. (1985b) 

demonstrated that the difference between lean and obese heifers in 

response to insulin varied according to the stage of the oestrus 

cycle. Thus the magnitude of differences between groups in response 

to challenges may be influenced by a variety of non-genetic factors. 

It therefore becomes important to establish the optimum conditions 

under which challenge studies should be conducted. 

Summarv 

Despite the problems associated with measurement of metabolic 

and hormonal factors, this study indicates that baseline 

concentrations, and response to some metabolic challenges, have 

potential to provide useful predictions of genetic merit for lean 

meat production. This is further supported by similar differences 

having been shown between a variety of other selection lines. Future 

research should now address the extent to which environmental 

effects bias the measurement of these factors and the conditions 

under which these factors are best measured. Research in this field 

may not only improve the genetic relationship of the measured 

parameter/s with genetic merit, but also indicate the basis of the 

mechanism by which genetic variation arises. True genetic 

relationships will also have to be determined between the potential 
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markers and actual genetic merit. This will require that genetic 

merit of individuals be determined (probably by progeny tests) and 

related to their ranking on the basis of physiological markers, or 

that realized genetic parameters be determined from selection 

experiments on the basis of the new marker. Only then will it be 

possible to make an economic appraisal of the potential gains which 

could result from the use of physiological markers in the commercial 

situation. 
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APPENDIX 

Assay Methods for Hormones and Metabolites 

1. Glucose 

Glucose concentrations were determined using a YSI Model 27 

industrial analyzer (Yellow Springs Instrument Co., Colorado). The 

method is based an electrode sensitive to hydrogen peroxide which is 

produced in an enzymatically catayzed oxidation of glucose. Samples 

are injected into a chamber where they are diluted in buffer and 

allowed to diffuse through a polycarbonate membrane in which the 

bound glucose oxidase enzyme resides and the reaction takes place. 

The instrument was calibrated using six standards at 

concentrations of 0,25,50,75,100 and 150 mg/dl. Repeatibility of 

readings was checked by duplicate analysis of one of the standards 

after every five samples. The coefficient of variation between 

duplicate readings of the standard analysis was less than 1%. 

2. Non-Esterified Fatty Acids 

Plasma NEFA concentrations were determined using an enzymatic 

colourimetric method (NEFA-C kit, Wako Pure Chemical Industries 

Ltd., Osaka, Japan). This system is based on enzymatic activation of 

NEFA to Coenzyme A esters, which are then oxidised to produce 

hydrogen peroxide. The presence of peroxidase and hydrogen peroxide 

allows condensation of 3-methyl-N-ethyl-N-~-hydroxyethyl-aniline 
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with 4-amino-antipyrine to form a purple complex, the optical 

density of which is measured at 550 nm. Standards are provided as 

oleic acid. Samples were assayed adopting the modified method of 

McCutcheon et al. ( 198 6) which allm.,red a reduction of sample and 

reagent volume to reduce the assay cost. This modification was shown 

not to affect the accuracy. Intra- and inter-assay coefficients of 

variation were 3% and 10% respectively. 

3. Urea 

Plasma urea concentration was determined by the method 

described by Marsh et al. (1965). This is an automated colourimetric 

method where the combined use of thiosemicarbazide and ferric ions 

alters and intensifies the colour of a complex produced in a direct 

reaction between diacetyl monoxine and urea. Intra- and inter-assay 

coefficients of variation were 3% and 6% respectively. 

4. Radioimmunoassays 

Insulin and growth hormone were assayed using the double 

antibody radioimmunoassay method described by Flux et al. (1984) . 

The source of the hormone used for standards and trace, linear range 

of the assay (log-logit transformed data) and intra- and inter-assay 

coefficients of variation are presented in table A.1. Iodination of 

the trace hormone was carried out by the chloramine-T method 

(Greenwood et al. 1963). The first antibodies, for both assays, were 

raised in guinea-pigs, and the antiserum to guinea-pig gamma 

globulin in a Romney sheep. 
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Table A.1 Source of hormone and assay parameters of the assays for 
the measurement of insulin and growth hormone concentrations 

Hormone Source Assay Parameters 
Linear Intra- Inter-

Assay Standards Trace Range Assay CV Assay cv 

Insulin Bovine I-5500 Bovine I-5500 100-12800 8.2 12.4 
Lot 121c-1350a Lot 121c-1350a pg/ml 

Growth Bovine-GH-B1 Bovine-GH-I1 2-64 ng/ml 8. 6 13.2 
hormone (AFP 5200b) (AFP 6500b) 

a Sigma Chemical Co., St. Louis, Mo., USA. 
b USDA, Reproduction Laboratory Beltsville Md. 



71 

REFERENCES 

Aaron, D.K., Frahm, R.R. and Buchanan, D.S. (1986a) Direct and 
correlated responses to selection for increased weaning or 
yearling weight in Angus cattle. I. Measurement of selection 
applied. J. Anim. Sci. 62: 54-65. 

Aaron, D.K., Frahm, R.R. and Buchanan, D.S. (1986b) Direct and 
correlated responses to selection for increased weaning or 
yearling weight in Angus cattle. II. Evaluation of response. 
J. Anim. Sci. 62: 66-76. 

Ahmed, W., Dun, R.B. and Winston, R.J. (1963) The efficiency of 
conversion of feed to wool in Merino flocks selected for and 
against fleece weight. Aust. J. exp. Agric. Anim Husb. 3: 
269-275. 

Allen, R.E., Merkel, R.A. and Young, R.B. (1979) Cellular aspects 
of muscle growth: Myogenic cell proliferation. J. Anim. Sci. 
49: 115-127. 

Althen, T.G. and Gerrits, R.J. (1976) Pituitary and serum growth 
hormone levels in Duroc and Yorkshire swine genetically 
selected for high and low backfat. J. Anim. Sci. 42: 1490-
1497. 

Atkinson, K., Hill, D.J., Strain, A.J. and Milner, R.D.G. (1987) 
Evidence that the mechanism of action of insulin-like growth 
factors (IGF) differs between foetal and postnatal life. ~ 
Endocr. 112 (suppl.) : 62. 

Baile, C.A. and Forbes, J.M. (1974) Control of feed intake and 
regulation of energy balance in ruminants. Phvsiol. Rev. 54: 
160-203. 

Baker, R.L., Carter, A.H. and Cox, E.H. (1979) The effect of 
selection for body weight at different ages on fat 
deposition in mice. Proc. N.Z. Soc. Anim. Prod. 39: 118-128. 

Baldwin, R.L., and Bywater, A.C. (1984) Nutritional energetics of 
animals. Ann. Rev. Nutr. 4: 101-114. 

Barlow, R. (1979) Short term responses to selection for high and 
low yearling gain in Angus cattle. In: "Selection 
experiments in laboratory and domestic animals " Proceedings 
of a symposium, Harrogate, 1979 pp 144-146. 

Bauman, D.E. and Currie, W.B. (1980) Partitioning of nutrients 
during pregnancy and lacation : A review of mechanisms 
involving homeostasis and homeorhesis. J. Dairy Sci. 63: 
1514-1529. 

Bauman, D.E., McCutcheon, S.N., Steinhour, W.D., Eppard, P.J. and 
Sechen, S. J. (1985) Sources of variation and prospects for 
improvement of productive efficiency in the dairy cow : A 
review. J. Anim. Sci. 60: 583-592. 



72 

Beatson, P.R. (1987) The inheritance of liveweight-corrected fat­
depth in Coopworth ram hoggets. Proc. Aust. Ass. Anim. 
Breed. Genet. 6: 87-90. 

Bennet, G.L. and Clarke, J.N. (1984) Expected selection response in 
lamb carcass composition and weight. Proc. N.Z. Soc. Anim. 
Prod. 44: 243-247. 

Bergman, R.N., Bowden, R. and Cobello, C. (1981) The minimal model 
approach to quantification of factors controlling glucose 
disposal in Man. In: "Carbohydrate Metabolism - Quantitative 
Physiology and Mathematical Modelling" (Eds R.N. Bergman & 
C. Cobello) pp 269-296. 

Black, J. L. ( 1983) Growth and development of lambs. In: "Sheep 
Production" (Ed Haresign W., Butterworths) pp 21-58. 

Blair, H.T, McCutcheon, S.N., Mackenzie, D.D.S., Gluckman, P.D. and 
Ormsby, J. E. ( 1987) Variation in plasma concentration of 
insulin-like growth factor-1 and covariation with liveweight 
in Mice. Aust. J. Bio. Sci. 40: 287-293. 

Brocklen, E., Flad, S., Muller, E. and von Faber, H. (1986) 
Comparative determination of beta-adrenergic receptors in 
muscle, heart and backfat of Pietrain and Large White pigs. 
Anim. Prod. 43: 355-360. 

Bremmers, R.P.M., Morgan, P.F., McCutcheon, S.N., Purchas R. w 
(1987) Effect of plane of nutrition on nitrogen retention 
and plasma urea concentrations in Southdown ram hoggets from 
high backfat and low backfat selection lines. N.Z. J. agric. 
Res. (submitted) . 

Brien, F.D. (1987) Genetics of growth development and efficiency. 
Lessons from laboratory animals studies. Proc. Aust. Ass. 
Anim. Breed. Genet. 6: 13-18. 

Buchanan, D.S., Nielsen, M.K., Koch, R.M. and Cundiff L.V. (1982) 
Selection for grm-1th and muscling score in beef cattle. I. 
selection applied. J. Anim. Sci. 55:516-525. 

Buchanan, D.S., Nielsen, M.K., Koch, R.M. and Cundiff, V. (1982) 
Selection for growth and muscling score in beef cattle. II. 
Genetic parameters and predicted response. J. Anim. Sci. 55: 
526-532. 

Butler-Hogg, B.W., Johnsson, I.D., Batson, J., Hathorn, D.J. and 
Wilde, R. ( 198 7) Dose response changes in the chemical 
composition of muscles, subcutaneous fat and intramuscular 
fat of lambs treated with biosynthetic bovine somatotrophin. 
Proc. Asian-Aust. Ass. Anim Prod Soc. 4: 484. 

Chung, C.S., Etherton, T.D. and Wiggins, J.P. (1985) Stimulation of 
swine growth by porcine growth hormone. J. Anim. Sci. 60: 
118-130. 



73 

Clark, C.M. (1987) Physiological responses to selection for greasy 
fleece weight in Romney sheep. M. Agr. Sc. Thesis, Massey 
University, Palmerston North, New Zealand. 

Clark, C.M., Mackenzie, D.D.S., McCutcheon, S.N. and Blair, H.T. 
(1987) Physiological responses to selection for greasey 
fleeceweight in Romney sheep. (in preparation) . 

Dodson, M.V., Davis, S.L., Ohlson, D.L. and Ercanbrack S.K. (1983) 
Temporal patterns of growth hormone, prolactin and 
thyrotropin secretion in Targhee rams selected for rate and 
efficiency of gain. J. Anim. Sci. 57: 338-342. 

Fennessy, P.F., Greer, G.J, and Bain, W.E. (1987) Selection to 
change carcass fatness in sheep. Proc. Asian-Aust. Ass. Anim 
Prod Soc. 4: 382. 

Ferrell, C.L. and Jenkins T.G. (1985) Cow type and the nutritional 
environment: nutritional aspects. J. Anim. Sci. 61: 725-741. 

Fletcher, J.M. (1986) Effects of adrenalectomy before weaning in 
the genetically obese Zucker rat (fa/fa). Brit. J. Nutr. 56: 
141-151. 

Florini, J .R. (1985) Hormonal control of muscle cell growth. L 
Anim. Sci. 61 (suppl. 2) : 21-38. 

Flux, D.S., Mackenzie D.D.S. and Wilson G.F. (1984) Plasma hormone 
and metabolite concentrations in Friesian cows of differing 
genetic merit measured at two feeding levels. Anim. Prod. 
~:377-384. 

Froesch, E.R., Schmid, C., Schwander, J. and Zapf, J. (1985) 
Actions of insulin-like growth factors. Ann. Rev. Physiol. 
47: 443-467. 

Geay, Y. and Robel in, J. ( 197 9) Variation of meat production 
capacity in cattle due to genotype and lev.el of feeding : 
Genotype-nutrition interaction. Livest. Prod. Sci. 6: 263-
276. 

Geenty K.G., Smith, M.M. and Bartley, K. (1987) Effects of varying 
levels of dietary protein on lamb growth rate and carcass 
composition. Proc. Asian-Aust. Ass. Anim Prod Soc. 4: 360. 

Gilmour, A.R. (1985) REG - A Generalised Linear Models Program. 
Department of Agriculture, New South Wales, Australia. 

Gluckman, P.D. and Butler, J.H. (1983) Parturition-related changes 
in the insulin-like growth factors I and II in the perinatal 
lamb. J. Endocr. 99: 223-232. 

Goldberg, A.L., Tischler, M., Demartino, G., and Griffin, G. (1980) 
Hormonal regulation of protein synthesis in muscle. 
Federation Proceedings 39: 31-36. 



74 

Gooden, J.M., Beach, A.D. and Purchas, R.W. (1980) Measurement of 
subcutaneous backfat depth in live lambs with an ultrasonic 
probe. N.Z. J. agric. Res. 23: 161-165. 

Greenwood, F.C., Hunter, W.M. and Glover, J.S. (1963) The 
preparation of 131I-labelled human growth hormone of high 
specific radioactivity. Biochem J. 89: 114-127. 

Hart, I.C., Bines, J.A., Morant, S.V. and Ridley, J.L. (1978) 
Endocrine control of energy metabolism in the cow: 
Comparison of the levels of hormones (prolactin, growth 
hormone, insulin and thyroxine) and metabolites in the 
plasma of high- and low- yielding cattle at various stages 
of lactation. J. Endocr. 77: 333-345. 

Hart, I.C. (1983) Endocrine control of nutrient partitioning in 
lactating ruminants. Proc. Nutr. Soc. 42: 181-194. 

Hafs, H.D., Purchas, R.W. and Pearson, A.M. (1971) A review: 
relationships of some hormones to growth and carcass quality 
of ruminants. J. Anim. Sci. 33: 64-71. 

Hausman G.J., Hentges, E.J. and Thomas, G.B. (1987) Differentiation 
of adipose tissue and muscle in hypophysectomized pig 
fetuses. J. Anim. Sci. 64: 1255-1261. 

Henderson, 
R. 

R, Whittemore, C.T., Ellis, M., Smith, W.C. and Laird, 
(1984) A note on the effects of variations in food intake 

on nitrogen retention in control and selection lines of 
Large White pigs. Anim. Prod. 38: 511-514. 

Hetzel, D.J.S. and Nicholas, F.W. (1978) Growth and body condition 
of mice selected for growth rate under ad-libitum or 
restricted feeding. Proc. Aust. Soc. Anim. Prod, 12: 194. 

Hetzer, H.O. and Miller, L.R. (1973) Selection for high and low 
fatness in swine: correlated responses of various carcass 
trait.s. J. Anim. Sci. 37: 1289-1301. 

Hoffman, E.C., Wangsness, P.J., Hagen, D.R. and Etherton, T.D. 
(1983) Fetuses of lean and obese swine in late gestation: 
Body composition, plasma hormones and muscle development. ~ 
Anim. Sci. 57: 609-620. 

Hood, R.L. (1983) Changes in fatty acid synthesis associated with 
growth and fattening. Proc. Nutr. Soc. 42: 303-313. 

Hu, C.Y., Novakofski, J. and Mersmann, H.J. (1987) Hormonal control 
of porcine adipose tissue fatty acid release and cyclic AMP 
concentration. J. Anim. Sci. 64: 1031-1037. 

Irgang, R., Dillard E.U., Tess, M.W. and Robison O.W. (1985) 
Selection for weaning weight and postweaning gain in 
Hereford cattle II. Response to selection. J. Anim. Sci. 60: 
1142-155. 



75 

Jones, S.J. and Marchello, J.A. (1983) Lipolysis in subcutaneous 
adipose tissue from cattle of varying frame size and length 
of time on a finishing diet. J. Anim. Sci. 57: 343-348. 

Kadim, I (1987) Ph.D. Thesis. Massey University, New Zealand. 

Karlson, U. (1979) Correlated responses of selection for growth 
rate in Swedish dual-purpose cattle breeds. Acta Agric. 
Scand. 29: 295-303. 

Klindt, J., Jenkins, T.G. and Leymaster, K.A. (1985) Relationships 
between some estimates of growth hormone and prolactin 
secretion and rates of accretion of constituents of body 
gain in rams. Anim. Prod. 41: 103-111. 

Koch, R.M., Gregory, K.E. and Cundiff, L.V. (1974a) Selection in 
beef cattle I. Selection applied and generation interval. J. 
Anim. Sci. 39: 449-458. 

Koch, R.M., Gregory, K.E. and Cundiff, L.V. (1974b) Selection in 
beef cattle II. Selection response. J. Anim. Sci. 39: 459-
470. 

Korver, S. and Vas, H. (1986) Selection on feed intake in dairy 
cattle. World Cong. Genet. Apol. Livest. Prod. 3: 285-290. 

Kotts, C.E., Buonomo, F., White, M.E., Allen, C.E. and Dayton, W.R. 
(1987) Stimulation of in vitro muscle cell proliferation by 
sera from swine injected with porcine growth hormone. ~ 
Anim Sci. 64: 623-632. 

Lasslo, L.L., Bradford, G.E., Torell, D.T. and Kennedy B.W. (1985a) 
Selection for weaning weight in Targhee sheep in two 
environments I. Direct response. J. Anim. Sci. 61: 376-387. 

Lasslo, L.L., Bradford, G.E., Torell, D.T. and Kennedy B.W. (1985b) 
Selection for weaning weight in Targhee sheep in two 
environments II. Correlated effects. J. Anim. Sci. 61: 387-
397. 

Leung, F.C., Taylor, J.E. and Ball, C.A. (1985) Potent interaction 
between thyrotropin releasing hormone and human pancreatic 
growth hormone releasing factor in stimulating chicken 
growth hormone release in vivo : Hypothalamic noradrenergic 
mediation of TRH stimulation of cGH release. Dam. Anim. 
Endocr. 2: 183-190. 

Leymaster, K.A. and Jenkins, T.G. (1985) Characterization of 
accretive rates for growth constituents in male Suffolk 
sheep. J. Anim. Sci. 61:430-435. 

Lister, D. (1976) Effects of nutrition and genetics on the 
composition of the body. Proc. Nutr. Soc. 35: 351-356. 



76 

Lord, E.A. (1985) Metabolic studies in the Inver.may lean and fat 
lines. Proceedings of the 11th Workshop on Overfatness and 
Lean Meat Production from Sheep, Massey University 1985 : 
21. 

Lord, E .A. and Fennessy, P .F. (1986) Incorporattion of [H3]­
thymidine into skeletal muscle of genetically lean and fat 
sheep. Proc. Nutr. Soc. N.Z. 10: 67. 

MacRae. J.C. and Lobley, G.E. (1986) Interactions between energy 
and protein. In: "Control of Digestion and Metabolism in 
Ruminants" Proc. 6th Conf. on Ruminant Physiol, Banff, 
Cananda, 1984 (Eds L.P. Milligan, W.L. Grovum and A. Dodson) 
Englewood Cliffs: Prentice Hall. 

Marsh, W.H., Fingerhut, B. and Muller, H. (1965) Automated and 
manual direct methods for the determination of blood urea. 
Clin. Chern. 11: 624-627. 

McCann, J.P. and Reimers, T.J. (1985a) Insulin response to glucose 
in estrous and diestrous obese and lean heifers. J. Anim. 
Sci. 61: 619-623. 

McCann, J.P. and Reimers, T.J. (1985b) Glucose response to 
exogenous insulin and kinetics of insulin metabolism in 
obese and lean heifers. J. Anim. Sci. 61: 612-618. 

McCann, J.P. and Riemers, T.J. (1986) Effects of obesity on insulin 
and glucose metabolism in cyclic heifers. J. Anim. Sci. 62: 
772-782. 

McCarthy, J. (1979) Morphological and physiological effects of 
selection for growth rate in mice. In: "Selection 
experiments in laboratory and domestic animals " Proceedings 
of a symposium, Harrogate, 1979 pp 100-109. 

McClelland, L.A., Blair, H.T., Wickham, G.A. and Brookes, I.M. 
(1986) A comparison of fleece weight selected and control 
Romney rams for intake, liveweight gain, wool growth and 
feed utilization. Proc. N.Z. Soc. Anim. Prod.46: 215-218. 

McCutcheon, S.N. and Bauman, D.E. (1986) Effect of chronic growth 
hormone treatment on response to epinephrine and 
thyrotropin-releasing hormone in lactating cows. J. Dairy 
Sci. 69: 44-51. 

McCutcheon, S.N., Mackenzie, D.D.S. and Blair, H.T. (1987) Nitrogen 
metabolism and plasma concentrations in fleece- weight 
selected and control Romney rams. Aust, J. agric. Res. 38: 
917-926. 

Mcintosh, J.E.A. and Mcintosh, R.P. (1980) In: "Mathematical 
modelling and computers in endocrinology" Berlin, New York, 
Springer-Verlag. 



77 

McNamara, J.P. and Martin, R.J. (1982) Muscle and adipose tissue 
lipoprotein lipase in fetal and neonatal swine as affected 
by genetic selection for high or low backfat. J. Anim. Sci. 
55: 1057-1061. 

McNiven, M.A. (1984) Effect of body fatness on blood metabolites 
and insulin insensitivity in adult sheep. Canad. J. Anim. 
Sci. 64: 1049-1053. 

McPhee, C.P., Trappett, P.C., Neil, A.R. and Duncalfe, A.F. (1980) 
Changes in growth, appetite, food conversion efficiency and 
body composition in mice selected for high post-weaning 
weight gain on restricted feeding. Theor. Appl. Genet. 57: 
50-56. 

Mersmann, H.J. (1985) Adipose tissue lipolytic rate in genetically 
obese and lean swine. J. Anim. Sci. 60: 131-135. 

Mersmann, H.J., Pond, W.G. and Yen J.T. (1982) Plasma glucose, 
insulin and lipids during growth of genetically lean and 
obese swine. Growth 46: 189-198. 

Mersmann, H.J., Pond, W.G. and Yen, J.T. (1984) Use of carbohydrate 
and fat as energy source by obese and lean swine. J. Anim. 
Sci. 58: 894-902. 

Morgan, P.F. (1987) Personal communication 

Moseley, W.M., Huisman, 
growth hormone and 
bull calves infused 
20 days. Dam. Anim. 

J. and Van weerden, E.J. (1987) Serum 
nitrogen metabolism responses in young 
with growth hormone-releasing factor for 
Endocr. 4: 51-59. 

Munro, J.M., Geenty, K.G. and Bickerstaffe, R. (1984) Relationship 
between insulin-glucose status and carcass fat in lambs. 
Proc. N.Z. Soc. Anim. Prod. 44 : 201-203. 

Newman, J.A., Rahnefeld, G.W. and Fredeen, H.T. (1973) Selection 
intensity and response to selection for yearling weight in 
beef cattle. Canad. J. Anim. Sci. 53: 1-12. 

Norton, B.W., Jagusch, K.T. and Walker, D.M. (1970) Body 
composition studies in milk feed lambs III. The effect of 
the protein and energy intake on the composition of live­
weight gain. J. agric. Sci. Carob. 75: 287-292. 

Olsen, R.F., Wangsness, P.J., Patton, W.H. and Martin, R.J. (1981) 
Relationship of serum somatomedin-like activity and 
fibroblast proliferative activity with age and body weight 
gain in sheep. J. Anim. Sci. 52: 63-68. 

Orskov, E.R., McDonald, I., Grubb, D.A. and Pennie, K. (1976) The 
nutrition of the early weaned lamb. IV. Effects on growth 
rate, food utilization and body composition of changing from 
a low to a high protein diet. J agric. Sci. Carob. 86: 411-
423. 



Parratt, A.C., Burt, C.M., Bennett, G.L., Clarke, 
A.H. and Rae, A.L. (1987) Heritabilities , 

78 

J.N., Kirton, 
genetic and 

phenotypic correlations for carcass traits and ultrasonic 
fat depth of sheep. Proc. Aust. Ass. Anim. Breed. Genet.6: 
76-78. 

Pattie W.A. (1965a) Selection for weaning weight in Merino sheep 1. 
Direct response to selection. Aust. J. exp. Agric. Anim. 
Husb. 5: 353-360. 

Pattie W.A. (1965b) Selection for weaning weight in Merino sheep 2. 
Correlated responses in other production characters. Aust. 
J. exp. Agric. Anim. Husb. 5: 361-368. 

Pattie, W.A., and Williams, A.J. (1966) Growth and efficiency of 
post-weaning gain in lambs from Merino flocks selected for 
high and low weaning weight. Proc. Aust. Soc. Anim. Prod. 6: 
305-309. 

Pell, J.M., Blake, L.A., Elock, C., Hathorn, D.J., Jones, A.R., 
Morrell, D.J. and Simmonds, A.D. (1987) Effect of growth 
hormone on IGF-1 concentrations, body composition and growth 
in lambs. J. Endocr. 112(suppl.): 63. 

Pijls, L.G.M., Greenway, R.M., Mackenzie, D.D.S. and McCutcheon, 
S.N. (1987) Erythrocyte potassium and haemoglobin type 
polymorphisms in fleeceweight-selected and control Romney 
sheep. Anim. Genet. (submitted) 

Pisulewski, P.M. and Buttery. P.J. (1985) The effect of increasing 
methionine supply on the methionine conversion to cysteine 
in sheep. Brit. J. Nutr. 54: 121-129. 

Poppi, D.P. (1983) Nutritive value of herbage. In: "Lamb Growth", 
Animal Industries Workshop, Lincoln College 1983 pp 79-92. 

Posner, B.I. (1987) Insulin interaction with the nervous system: 
nature and possible significance. Proc. Nutr. Soc. 46: 97-
103. 

Prior, R.L. and Smith, S.B. (1983) Role of insulin in regulating 
amino acid metabolism in normal and alloxan-diabetic cattle. 
J. Nutr. 113: 1016-1031. 

Purchas, R.W. (1972) The effect of experimental manipulation of 
circulatory cortisol levels in lambs on their growth rate 
and carcass quality. Aust. J. agric. Res. 24: 927-938. 

Purchas, R.W. (1981) Genetics of Fat. 4Quarter 2:7-9. 

Purchas, R.W. and Keogh, R.G. (1984) Fatness of lambs grazed on 
'Grasslands Maku' lotus and 'Grasslands Huia' white clover. 
Proc. N.Z. Soc. Anim. Prod. 44: 219-221. 

Purchas, R.W., Rae, A.L., and Barton R.A. (1982) Repeatability of 
weight corrected ultrasonic fat-depth made on ewes at 
intervals of one year. N.Z. J. Agric. Res. 25: 185-190. 



79 

Purchas, R.W., Rae, A.L., Barton, R.A. and Beach, A.D. (1981) The 
repeatability of ultrasonic fat-depth measurements made on 
sheep up to 18 months of age. Proc. N.Z. Soc. Anim. Prod. 
41: 133-139. 

Purchas, R.W., Romsos, D.R., Allen, R.E. and Merkel, R.A. (1985) 
Muscle growth and satellite cell proliferative activity in 
obese (OB/OB) mice. J. Anim. Sci. 60: 644-651. 

Ringberg Lund-Larsen, T. and Bakke, W.H. (1975) Growth hormone and 
somatomedin activities in lines of pigs selected for rate of 
gain and thickness of backfat. Acta Agric. Scand. 25: 231-
234. 

Ringberg Lund-Larsen, T. (1977) Relation between growth rate, serum 
somatomedin and plasma testosterone in young bulls. J. Anim. 
Sci. 44: 189-194. 

Roberts, R. C. ( 197 9) Side effects of selection for growth in 
laboratory animals. Livest. Prod. Sci. 6: 93-104. 

Robertson, A. (1982) Genetic aspects of growth. In: "Proc. World 
Cong. Sheep Beef Cattle Breeding" (Eds R.A. Barton and W.C. 
Smith) pp 427-437. 

Rothfuss, U., Muller, E. and Czap, A. (1984) Selection for activity 
for NADPH-generating enzymes in porcine adipose tissue. II 
Fat cell size, lipogenic and lipolytic parameters. ~ 
Tierz. Zuchtungsbiologie 101: 303-388. 

Rogdakis, E. ( 1982) Selection for activity of NADPH producing 
enzymes in the fat tissue of swine. Z. Tierz. 
Zuchtungsbiologie 99: 241-252. 

Searle, S.R. (1971) Linear models. Wiley, New York. 

Sejrsen, K, Larsen, F. and Anderson, B.B. (1984) Use of plasma 
hormone and metabolite levels to predict breeding value of 
young bulls for butterfat production. Anim. Prod. 39: 335-
344. 

Sejrsen, K. (1986) Endocrine mechanisms underlying genetic 
variation in growth in ruminants. World Cong. Genet. Appl. 
Livest. Prod. 3: 261-271. 

Sherwin, R.S., Kramer, K.J., Tobin, J.D., Insel, P.A., Liljenquist, 
J.E., Berman, M. and Andres R. (1974) A model of the 
kinetics of insulin in man. J. clin. Invest. 53: 1481-1492. 

Simm, G. and Smith, C. (1984) Breeding beef cattle for efficiency 
of lean growth. In: "Animal Breeding Research Organisation 
Report 1984" pp 29-32. 

Simm, G., Smith, C. and Prescott, J.H.D. (1985) Environmental 
effects on bull performance test results. Anim. Prod. 41: 
177-185. 



80 

Sinnet-Smith, P.A., Slee, J. and Woolliams, J.A. (1987) Biochemical 
and physiological response to metabolic stimuli in Friesian 
calves of differing genetic merit for milk production. Anim. 
Prod. 44: 11-19. 

Smith, N.D. (1986) Applications of genetics, experimental 
programmes. In: "Animal Breeding Research Organization 
Report 1986" pp 50-53. 

Spencer, G.S.G. (1985) Hormonal systems regulating growth. A 
review. Livest. Prod. Sci. 12: 31-46. 

Standal N., Vold, E., Trygstad, 0. and Foss, I. (1973) Lipid 
mobilization in pigs selected for leanness or fatness. Anim. 
Prod. 16: 37-42. 

Standal, N. and Vangen, 0. (1979) Physiological effects of 
selection for groNth and backfat thickness. In: "Selection 
experiments in laboratory and domestic animals" Proceedings 
of a symposium, Harrogate, pp 125-130. 

Standal, N., and Vangen, 0. (1985) Genetic variation and 
covariation in voluntary feed intake in pig selection 
program. Livest. Prod. Sci. 12: 367-377. 

Steele, N.C., Frobish, L.T., Davey, R.J. and Keeney, M. (1972) 
Effect of selection for backfat thickness in swine on 
lipogenic enzyme levels. J. Anim. Sci. 35: 225. 

Strutz, C. and Rogdakis, E. (1977) Phenotypic and genetic 
parameters of NADPH-generating enzymes in porcine adipose 
tissue. Z. Tierz. Zuchtungsbiologie 96: 170-185. 

Sumner, R., and Weekes T.E.C. (1983) Effect of insulin infusion on 
nitrogen excretion in Sheep. Proc. Nutr. Soc. 42: 39A. 

Taylor, C.S. (1987) An evaluation of genetic size-scaling in breed 
and sex comparisons of growth, food efficiency. and body 
composition. Proc. Aust. Ass. Anim. Breed. Genet. 6: 1-12. 

Tess, M.W., Dickerson, G.E., Nienbaber, J.A., Yen, J.T. and 
Ferrell, C.L. (1984) Energy costs of protein and fat 
deposition in pigs fed ad libitum. J. Anim. Sci. 58: 111-
122. 

Thiessen, J. (1985) Inter-age correlations of body Neight, weight 
gain and feed intake within and between breeds of cattle. 
Anim. Prod. 40: 23-32. 

Thompson, J.M. (1985) Reducing fatness in sheep and cattle. Proc. 
Aust. Ass. Anim. Breed. Genet. 5: 108-113. 

Thompson, J.M. (1987) Genetics of growth, development and 
efficiency in domestic animals. Proc. Aust. Ass. Anim. 
Breed. Genet. 6: 19-26. 



81 

Thompson, J.M. and Barlow, R. (1986) The relationship between 
feeding and growth parameters and biological efficiency in 
cattle and sheep. Proc. World Cong. Genet. Appl. Livest. 
Prod. 3: 271-282. 

Thompson, J.M. and Parks, J.R. (1983) Food intake, growth and 
mature size in Australian Merino and Dorset Horn sheep. 
Anim. Prod. 36: 471-479. 

Thompson, J.M., Parks, R.J. and Perry. D. (1985) Food intake, 
growth and body composition in Australian Merino sheep 
selected for high and low weaning weight 1. Food intake, 
food efficiency and growth. Anim. Prod. 40: 55-69. 

Thompson, J .M., Butterfeild, R.M., and Perry, D. (1985) Food 
intake, growth and body composition in Australian Merino 
sheep selected for high and low weaning weight 2. Chemical 
and dissectible body composition. Anim. Prod. 40: 71-84. 

Thornton, R.F., Tume, R.K. and Larsen, T.W. (1982) The neglectable 
effect of insulin on lipogenesis and lipolysis rates in 
isolated ovine adipocytes. Proc. Nutr. Soc. Aust. 7: 115. 

Thornton, R.F., Tume, R.K., Wyn, P.C., Larsen, T.W. and Johnson, 
G.W. (1987) Regulatory mechanisms of repartitioning agents. 
Proc. Asian-Aust. Ass. Anim Prod Soc. 4: 486. 

Trayhurn, P. and Ashwell, M. (1987) Control of white and brown 
adipose tissues by the autonomic nervous system. Proc. Nutr. 
Soc. 46: 135-142. 

Trenkle, A. (1971) Effect of diet upon levels of plasma growth 
hormone in sheep. J. Anim. Sci. 32: 111-114. 

Trenkle, A. and Topel, D.G. (1978) Relationships of some endocrine 
measurements to growth and carcass composition of cattle. ~ 
Anim. Sci. 46: 1604-1609. 

van Maanen, M.C., McCutcheon, S.N. and Purchas, R.W. (1987) Plasma 
metabolite and hormone concentrations as predictors of 
genetic merit for lean meat growth in Southdown ram hoggets. 
N.Z. J. agric. Res. (submitted). 

Vangen, 0. (1977) Studies on a two trait selection experiment in 
pigs I. Grmvth, feed consumption and feed conversation ratio 
after 10 years selection for growth rate and backfat 
thickne. Acta Agric. Scand. 27: 331-339. 

Vangen, 0. (1980) Studies on a two trait selection experiment in 
pigs III. Correlated responses in daily feed intake, feed 
conversion and carcass traits. Acta Agric. Scand. 30: 125-
141. 

Waghorn, G.C. and Wolff, J.E. (1984) Theoretical considerations for 
partitioning nutrients between muscle and adipose tissue. 
Proc. N.Z. Soc. Anim. Prod. 44: 193-200. 



82 

Wangsness, P.J., Martin, R.J and Gahagan, J.H. (1977) Insulin and 
growth hormone in lean and obese pigs. Ann. J. Phvsiol 233: 
104-108. 

Wastney, M.E. (1982) Glucose metabolism of fed, starved and 
toxaemic pregnant Sheep. Ph.D. Thesis, Lincoln College, 
Canterbury, New Zealand. 

Waterlow, J.C. (1984) Protein turnover in man. Quarterly J. Exp. 
Phys. 69: 409-438. 

Webster, A.F.J. (1977) Selection for leanness and the energetic 
efficiency of growth in meat animals. Proc. Nutr. Soc. 36: 
53-59. 

Weston, R.H. (1959) The efficiency of wool production of grazing 
Merino sheep. Aust. J. Agric. Res. 10: 865-885. 

Williamson, D.N. and Mellanby, J. (1974) Determination of Beta­
hydroxybutyrate. In: "Methods of Enzymatic Analysis" (Ed 
H.U. Bergmeyer), Verlag Chemie, Weinheim, pp 1836-1839. 

Wolf, B.T., Smith, C., King, J.W.B. and Nicholson, D. (1981) 
Genetic parameters of growth and carcass composition in 
crossbred lambs. Anim. Prod. 32: 1-7. 

Wood J.D. (1982) Factors controlling fat deposition in meat 
animals. Proc. N.Z. Soc. Anim. Prod. 42: 113-116. 

Xing, G. (1987) Personal communication. 

Yen, J.T. and Pond, W.G. (1985) Plasma thyroid hormones, growth and 
carcass measurements of genetically obese and lean pigs as 
influenced by thyroprotein supplementation. J. Anim. Sci . 
.§.1:.: 566-572. 

Yen, J.T., Tess, M.W., Pond, W.G. and Dickerson, G.E. (1983) 
Digestibility and metabolism of dietary nitrogen and energy 
in contemporary, genetically lean and obese pigs as 
estimated by total fecal collection and acid insoluble ash. 
J. Anim. Sci. 56: 426-430. 

York, D.A., Otto, W. and Taylor, T.G. (1978) Thyroid status of 
obese (ob/ob) mice and its relationship to adipose tissue 
metabolism. Comp. Biochem. Physiol. 59B: 59. 


